
 
In the Large Helical Device (LHD), long pulse 

discharge experiments have been performed mainly with 
ICRF by hydrogen minority heating in helium plasmas. In 
many cases, LHD plasmas in the long pulse discharges were 
suddenly terminated under conditions where the plasmas 
had been almost stably sustained.1) 

In order to investigate the termination processes of the 
long pulse discharges, two fast framing cameras were newly 
installed in tangential ports and upper ports for monitoring 
the plasma behavior and plasma-surface interactions on 
divertor plates in the vacuum vessel in addition to standard 
video rate (30fps) CCD cameras for monitoring plasma 
discharges equipped at totally 23 different ports. 

In the last experimental campaign (the 17th cycle), a 
long pulse plasma discharge had been successfully sustained 
for about 48 minutes by modifying ICRF antennas, 
introducing a newly designed ICRF antennas, and 
improving gas fueling control system, etc. The average 
electron temperature and density sustained in the long pulse 
discharge were about 2keV and 1.2×1019m-3, respectively. 
The total heating power injected from ICRF and ECRH 
antennas was about 1.2MW. 

Figure 1 (a) is an image of the LHD plasma viewed 
from an outer port (5-O) at the end of the long pulse 
discharge taken with the standard CCD camera. It shows 
that there are many flight paths of incandescent dusts 
released from a lower divertor region in the inboard side of 
the torus (4-I) with sparks. Figure 1 (b) is an image of the 
plasma observed with the fast framing camera installed in an 
upper port (4.5-U) at the end of this discharge, which proves 
that a large amount of small dusts were released from the 
lower and inner divertor region (4-I). The observations with 
the fast framing camera clearly shows that the dusts released 
from the divertor region penetrated into the maim plasma 
and caused radiation collapse, which finally led to 
termination of the long pulse plasma discharge. 

Long pulse plasma discharges with high heating 
power (>3MW) were also tried in the last experimental 
campaign. Plasma had been successfully sustained for about 
220 seconds with abrupt termination of the discharge. 
Figure 2 gives the tangential image of the LHD plasma 
viewed from a tangential port (6-T) at the end of the long 
pulse discharge. A fast framing camera installed in the 
tangential port observed the drop of a large sized melted 
dust from an upper area inside of the vacuum vessel. The 
camera clearly took the plasma termination process by the 
drop of the large sized dust.  

The above two observations taken with the fast 
framing cameras can contribute to finding the reason for the 

termination of the long pulse discharges and to extending 
the plasma duration time in LHD. 

 
 
1) Mutoh, T. et al.: Nucl. Fusion 53 (2013) 063017. 

Fig. 1. Image of a LHD plasma viewed from an outer 
port (5-O) at the end of a long pulse discharge taken 
with a standard video rate CCD camera (a), an image 
taken with a fast framing camera installed in an 
upper port (4.5-U) at the end of the discharge (b). 

Fig. 2. Tangential image of a LHD plasma observed 
from a tangential port (6-T) taken with a fast framing 
camera at the end of a long pulse discharge in high 
heating power operation. 

Appling Resonant magnetic perturbation forming 
m/n=1/1 island can enhance edge particle diffusion in LHD. 
This effects becomes clearer with increase of collisionality 
[1,2]. We have applied these results to long pulse discharge 
and improved the controllability of density feedback. Figure 
1 shows one example of comparisons of discharge 
behaviour with and without RMP. Plasma is produced by 77 
and 154GHz ECRH, then sustained by 38.47MHz ICRH. 
Main species are helium and hydrogen are fuelled as a 
minority species for ICRH[3]. RMP forms m/n=1/1 island 
by externally applied vertical filed. As shown in Fig.1, there 
is a clear difference of time traces of densities, namely the 
plasma being terminated by radiation collapse without RMP, 
while being sustained as planned with RMP as, evidenced in 
(a).  In this way, the application of RMP has been clearly 
shown to improve controllability of the electron density. For 
this identical feedback target signal, line-averaged electron 
densities were almost the same until 18.5 s, while they were 
changed completely differently with and without RMP after 
t=18.5 s. From t=15 s to t=20 s, the densities increased in 
both cases while the target density was meant to keep them 
constant at 1.4x1019 m-3 thus helium fueling being reduced 
after t=15 s. Although densities were almost the same before 
t=18.5 s, profiles of both electron density and temperature 
were different.  In a laser scattered signals of density 
profiles measured using YAG Thomson scattering, one 
recognizes a flattening at around =0.9 in the smoothed 
profile shown by thin lines in Fig.2 (a) and (d) for the case 
with RMP Also, electron density profiles are more peaked 
with RMP at same averaged density. The electron 
temperature profile shows clearer flattening as shown in Fig. 
2 (b) and (e) for the case with RMP and that the island width 
is smaller at earlier phase at t=11.05s, then, it becomes 
larger at later timing t=17.05. Before t=18.5s, radiation 
profiles are almost identical with and without RMP as 
shown in Fig.2 (c) and (f). After t=20 s, the target signal was 
to reduce thus resulting in the external fueling becoming 
zero as shown in Fig 1 (b).  Finally, electron density 
becomes around factor two lower and electron temperature 
becomes around factor two higher at t=23.05s with RMP 
than the case without RMP as shown in Fig. 2 (g) and (h). 
With this scenario, however, the electron density continued 
to increase without RMP after target density is reduced. For 
this case, the plasma reached to radiation collapse with a 
resultant discharge termination.  On the other hand, the 
radiation collapse was avoided for the case with RMP 
resulting in the density behavior following the target density 
as shown in Fig. 1. (a). These are increase of diffusion 
coefficients with increase of the collisionality. After 
t=17.05s, with RMP, particle transport is bad enough to 
prevent radiation collapse and good enough to follow 
feedback target. These results suggest that there are 

optimum tuning of applying field strength for plasma 
condition. The application of ramping up of RMP field 
achieved control of radiation profile from peaked one to 
hollowed one at higher density (~3x1019m-3) than the results 
in this report[4]. The cause of the improvement of 
controllability was not clear due to change of impurity 
source profile or impurity transport. In this report, the 
operation scenario was made due to the past transport 
study[1,2]. Also, radiation profile is kept hollowed profile as 
shown in Fig.2, (c),(f) and (i), the behavior of impurity is 
different and effects on particle and possibly impurity 
transport in low collisionality likely play a main role.   
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Fig.1 Time histories of (a) line averaged densities, (b) 
helium fueling rates, and profiles of electron densities  

Fig.2 profiles of electron densities (a,d,g), electron 
temperatures (b,e,h) and Radiation emissivity(c,f,i) 
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