
 

  
  

  
 Good confinement of energetic particles (EPs) in 
magnetically confined fusion is essential in realizing a 
fusion reactor since energetic alpha particles generated by 
fusion reactions play an essential role as a primary heating 
source in the future burning plasmas. Therefore deep 
understanding for interplay between EPs and EP-driven 
magnetohydrodynamic (MHD) instabilities is required. In 
order to investigate transport and/or loss of energetic ions 
due to EP-driven MHD instabilities, we developed and 
installed Faraday cup-type lost fast-ion probe (FLIP), which 
can measure the energy and pitch angle of detected ions 
with high time resolution, into Heliotron J in the 
collaboration between IAE, Kyoto University and NIFS1). 
Our main purpose is to clarify the mechanism of interplay 
between EPs and EP-driven MHD instabilities in 
Stellarator/Heliotron plasmas by the comparison among 
Heliotron J, CHS and LHD. 

The FLIP is consisted of eight thin aluminum plates as 
electrode covered with molybdenum probe head having 
double small slits in Heliotron J. Probe position can be 
adjusted to locate just outside the last close flux surface 
(LCFS) of each magnetic configurations. The double small 
slits of probe head can select ions, which were escaping 
from confinement region. There are eight electrode plates 
which can detect ions having different energy E and pitch 
angle χ respectively, as shown in Fig. 1. In the Fig. 1, pitch 
angle of 0 ~ 90 deg. corresponds to the co-going ions. The 
injection energy of NB is less than 30 keV of Hydrogen. 

There are two tangential NBIs consisted of both co- and 
counter- injectors corresponding to beam line 1 (BL2) and 
BL1 in the condition of normal magnetic field direction Bt > 
0. In the first experiment of FLIP, we investigated whether 
FLIP can only detect co-going ions produced by BL2. The 
FLIP locating at just outside LCFS can detect re-entering 
co-going ions in spite of observation of EP-driven MHD 
instability. Figure 2 shows the time evolution of signal of 
two electrodes named as channel A and E (ch-A and E) and 
ECH and NBIs. The plasma was produced by ECH, and 
heated by two NBIs which were turned on t=180 ms for 
BL2 (co) and t=200 ms for BL1 (ctr.). In our FLIP, positive 
and negative signals mean the detection of electron and ion, 
respectively. When BL2 was injected, single of ch-E having 
χ=10~25 deg. and E=14~42 keV of Hydrogen decreased 
and has negative value. This means we can detect co-going 
ion only by FLIP. Figure 3 shows the observation of the 

increment of ion current in ch-B synchronized with the 
busting energetic particle modes (EPMs) in NBI-heated 
Heliotron J plasmas. After NBI turned on, busting EPMs 
with intense magnetic fluctuation and frequency chirping 
were observed as shown in Fig. 3 (a) and (b). The amount of 
energetic ion loss flux was observed in ch-E scale with the 
amplitude of magnetic fluctuation of EPMs. This indicates 
that energetic ions were lost caused by the energetic-ion-
driven EPMs.  

 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1) Ogawa, K., et. al., PFR 8, (2013) 242128. 

Fig.2, Detection of co-going energetic ions 
by FLIP in NBI-heated plasmas. 

Fig.1, Arrangement and specification of each 
electrode plate of FLIP in Helitoron J. 

Fig. 3, Observation of lost ions 
caused by bursting EPMs. 
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The understanding of the magnetic island dynamics is an 

important issue from the viewpoint of its effect on the MHD 
stability and plasma confinement. In the previous 
collaboration research of LHD and TJ-II, the common 
phenomenon which a magnetic island is healed after the 
increase in a poloidal flow has been observed despite the 
direction of a poloidal flow differs [1]. It is needed to 
proceed with the study of magnetic island focusing on the 
correlation between the magnetic island and plasma flow in 
helical plasmas with various magnetic configurations. 
In addition to two devices mentioned above, the study in 
Heliotron-J is expected to obtain the detailed experimental 
observation about the magnetic island. Recent study of 
magnetic island in the LHD, the magnetic diagnostics and 
flow measurement has been the powerful tool to find out 
the detailed behavior of the magnetic island. The magnetic 
diagnostics can estimate the electromagnetic torque on the 
island whereas the viscous torque on the island can be 
evaluated from the plasma flow. Typical waveforms of the 
plasma response field ( m=1), RMP field ( RMP), phase 
shift ( m=1), poloidal flow (vpol), and radial profiles of 
electron temperature Te are shown in Fig. 1. In the case that 
the RMP is ramped up during the discharge (Fig. 1 left), the 
phase shift m=1 keeps - (rad) and the plasma response 
field m=1 linearly increases like RMP until t = 5.35 s 
(Fig. 1 (a, b)). This condition means that the plasma 
response field compensates the RMP field. As a result, the 
magnetic island shows healing. The Te profile does not 
show the local flattening region (Fig. 1 (d)). After t = 5.35 s 
when the RMP reaches RMP = 1.6×10-4(Wb), the phase 
shift departs from  = - (rad), which means that the RMP 
penetrates into the plasma and the local flattening appears 
in the Te profile at R = 3m (Fig. 1 (e)). In the ramping-down 
RMP case (Fig. 2 right), the RMP field penetrates until t = 
5.3 s. In this period the local flattening appears in the Te 
profile at R = 3m (Fig. 1 (i)). After t = 5.3 s when the RMP 
reaches RMP = 1.3×10-4(Wb), the phase shift reaches  
= - (rad) and the plasma response field, m=1, decreases 
linearly with ramped RMP, which means that the RMP is 
shielded. As a result, the magnetic island disappears. The 
Te profile does not show the local flattening region (Fig. 1 
(j)). During these transitions, the vpol is almost constant. 
In the Heliotron-J, the CXRS system measuring a CVI line 

has been installed to obtain the parallel flow velocity v  [2]. 
Figure 2 shows the radial profile of v  in various 
configurations (high mirror, standard and reversed mirror 
configurations). The v  outside  = 0.8 is not shown due to 
the low S/N ratio. In the high mirror configuration, the v  is 
about half of that in the standard and reversed mirror 
configurations at the core region (  < 0.5). In the Heliotron-J, 
the magnetic diagnostic system has been installed, which 

enables us to estimate the electromagnetic torque on the 
magnetic island. In addition to the magnetic diagnostics, the 
plasma flow measurement system CXRS is expected to take 
more detailed behavior of the magnetic island. This work 
was supported by the budget of NIFS under contract 
No.NIFS12KUHL052. 

 
1) Y. Narushima, et al., (2011) Nucl. Fusion 51 083030 
2) H. Lee, et. al., (2013) PPCF 55 035012 

Fig.1 Time evolution of (a, f) plasma response field 
(solid) and RMP (dashed), (b, g) phase shift  (d, 
e, i, j) electron temperature. (Left) Case of RMP 
ramp up (Right) Case of RMP ramp down. 
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Fig. 2 (Heliotron-J) Radial profile of parallel flow velocity 
[H. Lee, et. al., (2013) PPCF 55 035012]. 
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