
Considering future fusion reactors, the heat load to a 
divertor have to be mitigated. One of the ideas to do this is a 
dissipation of the heat flux to the divertor as a radiation at 
an edge plasma and stabilization of the radiation region is an 
important issue. Formation of magnetic island outside the 
last closed magnetic surface can stabilize the radiation 
region at the X-point [1]. During the radiation enhancement, 
particle expelling is observed and its characteristics are 
studied. 
 Figure 1 shows intermittent signals in the line density 
along edge (R=3.309 m) and central (R=3.669 m) chords of 
the far-infrared interferometer, the ion saturation current of  
the divertor Langmuir probe, a signal of a Mirnov coil, 
AXUVD and line densities of a CO2 laser interferometer. 
During the phase named , the magnetic fluctuations 
is quite small and the line integrated density along the edge 
and central chord of the far-infrared interferometer 
decreases and increases, respectively. The temporal 
evolution of the ion saturation current is almost the same as 
that of the edge density chord. Due to reduction of the edge 
density, the radiation from the edge region decreases. As 
shown with the CO2 laser interferometer, whose 
measurement plane is close to that of the far-infrared 
interferometer, the edge density gradient becomes steeper 
during this phase. From the density profile measured with a 
Thomson scattering measurement, the density gradient is 
also found to be steeper during this phase at the edge 
stochastic region outside the LCFS. However, the magnetic 
fluctuation suddenly appears when the edge density gradient 
reaches to the certain value. Then, the density is expelled to 
the outside and the density gradient becomes moderate 
during the phase . Since the edge density recovers, 
the edge radiation also recovers. During this phase, the edge 
density deceases and finally the magnetic fluctuations 
disappear. Then the plasma enter the phase  again and 
this cycle is repeated. In this way, the intermittency seems 
to be preferable for radiation enhancement: it prevent the 
edge density becomes small and to maintain the edge 
radiation enhanced.  

Figure 2 shows the results of mode analyses of the 
radiation enhanced discharge. After onset of the radiation 
enhancement at t = 5 s, instability of m/n=2/3 becomes 
dominant. Due to island formation formation of m/n=1/1, 
the pressure gradient outside the island where the = 1.5 
surface locates would increased and the mode would be 
excied. Since the instability is observed at the high field side 
with the multi-channel interferometer, it does not seem that 

the instabilities are the ballooning mode. The MHD mode is 
expected to be interchange. 

1) Kobayashi, M et. al.: Phys. Plasmas 17, 056111 (2010). 

 

1

1.5

2 FIR laser int (R=3.309 m)

Li
ne

 D
en

si
ty

(1
019

 m
-2

)

-500
0

500

Mirnov coil

dB
/d

t
(a

.u
.)

0
0.1
0.2
0.3
0.4
0.5

Divertor Langmuir probe (Section 8)

I sa
t (

A)

11

12 FIR ch5 (R=3.669 m)

Li
ne

 D
en

si
ty

(1
019

 m
-2

)

5.3 5.31 5.32 5.33 5.34 5.350.2

0.4

0.6

0.8

Li
ne

 d
en

si
ty

gr
ad

ie
nt

 (a
.u

)

Time (s)

NeL(R=3.603)-NeL(R=3.369)
---------------------------------------

NeL(R=3.478)

0
0.1
0.2
0.3

AXUVD ch2

(a
.u

.)

5

10

15  R = 3.369 m
 R = 3.603 m

Li
ne

 D
en

si
ty

(1
019

 m
-2

) CO2 laser int.  R=3.478 m

Fig. 1: The line integrated densities, the ion saturation 
current, dB/dt, AXUVD signal (radiation) and the line 
density gradient during bursty behabiour after radiation 
enhancement.

Fig.2 : Mode analyses of radiation enhanced discharge. Onset 
of the radiation enhancement is t = 5 s. 

  
Realization of high performance core plasma with 

mitigated divertor heat load is the one most important issue 
for future reactor. In LHD, it has been found that the 
application of the resonant magnetic perturbation (RMP) 
field with mode number of m/n=1/1 that creates edge 
remnant island in the edge stochastic region, has a 
stabilizing effect on the detached plasma through capturing 
of the radiation belt at the island structure as well as the 
decoupling of the edge recycling/impurity transport from the 
confinement region 1). The operation domain of the 
stabilized detachment, however, has been limited to the 
relatively low beta plasma, β~0.2%. In this experiment, the 
stable sustainment of divertor detachment with RMP 
application in the high beta plasma has been attempted. 

The magnetic configuration has been selected as an 
inward shifted configuration with the magnetic axis (Rax) is 
at 3.75 m with reduced toroidal field strength (Bt) of 0.75 T, 
which realizes high beta plasma of ~ 1% together with the 
resonant surface for m/n=1/1 RMP marginally outside the 
confinement region that is considered to be necessary 
condition to obtain decoupling between the confinement and 
the edge recycling region, as mentioned above. (cf. the RMP 
assisted detachment has been obtained so far with Rax=3.85 
or 3.90 m, Bt ~ 2.5 T, and RMP coil current (IRMP) ~ 
3000A.) 

Figure 1 shows the temporal evolution of various 
plasma parameters of the RMP assisted detached plasma 
with the high beta operation together with the case without 
RMP application. It is shown that in the case with RMP, the 
detachment transition, that is defined as the reduction of 
divertor particle flux as shown in Fig.1 (c), occurs at t~3.50 
sec accompanied by the enhanced radiation, and it is 
sustained successfully until the end of discharge terminated 
by stop of the NBI. The divertor particle flux shows 
different behavior between the tiles 6I-R and 6I-L, which 
are situated at the inboard side midplane of the same 
toroidal section but connected to different divertor legs. 
That is, the particle flux at 6I-R starts to decrease earlier 
than at 6I-L. This is considered due to the mode structure 
imposed to the edge plasma by m/n=1/1 RMP, that is indeed 
reflected on the edge radiation structure as well as the 
divertor particle flux distribution after the detachment 
transition with mode structure of m/n=1/1. Without the 
RMP application, otherwise, the discharge goes to radiation 
collapse with increasing density. In the present experiments, 
the RMP coil current was set to 1920A, which is relatively 
higher than in the case with the previous low beta plasma, in 
terms of IRMP/Bt, i.e. IRMP/Bt, = for the present case and = for 
the previous case. It is also found that there is a clear 
decrease in the density after detachment transition even with 

the continuous fueling by gas puff. This is different 
behavior than the previous low beta detachment case, where 
the plasma density increased even with reduced gas puff, 
indicating better fueling efficiency after detachment 
transition. The plasma response against RMP field, which is 
plotted in Fig.1 (f), shows that after detachment transition 
the plasma response becomes in phase with the external 
RMP, i.e. plasma enlarges the magnetic island, while before 
the detachment the plasma prone to screen the RMP. 

The present experiments have clearly demonstrated 
that the stable sustainment of the divertor detachment with 
RMP application is compatible with the high confinement 
plasma as high as b~1 %. The operation domain of this kind 
of detached plasma will be explored further in the high beta 
plasma by changing the RMP amplitude and magnetic 
configuration. 

 
Fig. 1. Temporal evolution of (a) Line averaged density, (b) 
Radiated power obtained by bolometer, (c) divertor particle 
flux with IRMP=1920A of the left and right divertor legs at 
the inboard side of the toroidal section 6I, (d) Divertor 
particle flux at the same location as (c) but with IRMP=0A, 
(e) NBI port through power and gas puff timing, (f) Plasma 
response. The phase relative to the external RMP with solid 
line (left axis), the amplitude with dashed line (right axis). 
For (a), (b) and (e), thick lines：IRMP=1920A、thin lines：
IRMP=0A. 
 
1) Kobayashi, M. et al.: Nucl. Fusion 53 (2013) 093032.  
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