
Fig. 1  Fig. 1. Inside of D Module in the West region.

Fig. 2. Contour map of ne (red lines) and Te (blue lines) 
by He line intensity ratios (calculation).

 

In the device GAMMA10, Plasma Research Center 
(PRC), Univ. of Tsukuba, characterization and control of 
electron density ne and its temperature Te in the 
central/anchor/end cell regions are important from a 
viewpoint of plasma confinement improvement and the 
divertor physics. Since monochromator measurements 
have advantages due to a non-invasive method, we have 
initiated a development of an estimation of the above 
electron temperature/density by optical measurements 
using an intensity ratio method.1) Particularly we will 
focus on the multi-view measurements by the use of HeI 
lines to derive a local emission intensity after inversion 
techniques, leading to the understanding of the 
confinement physics.

In the GAMMA10, only one channel measurement is 
being executed, and thus a multi-channel development is 
needed. In Tokyo Univ. of Agriculture & Technology
(TUAT), using a high-speed camera, a multi-view 
measurement of high-density helicon plasma2) has been
being developed, whose technique should be applied to 
the above machine. Incorporating elementary processes, 
we are advancing a calculation method to derive intensity 
ratios (e.g., 667.8, 706.5 and 728.1 nm) under the 
collaborations between TUAT, NIFS and Shinshu Univ. 
We can also compare the obtained results to another 
simple code.3,4)

In order to have full experiments in the GAMMA10,
we have first analyzed HeI line intensities taken in the D 
module region, as shown in Fig. 1. The above lines were 
taken, using three mirrors, interference filters and 
monochromators with amplifiers through a fiber optical 
cable from the D region. Taking into recombination and 
ionizing processes, we have derived the contour map of ne

and Te by line intensity ratios using sets of (667.8, 728.1)
nm and (728.1, 706.5) nm, respectively (Fig. 2). From 
this, typical data of ne = (5-10)×1017 m-3 and Te =20-30
eV were obtained, which is consistent with probe 
results. In addition, we are trying to compare this result 
with that by a Collisional Radiative (CR) model,5) taking 
full elementary processes.

We have also done simulation experiments, using 
devices in TUAT to produce high-density (up to 1013

cm-3) helicon plasmas.1) Here, there views of optical 
emission intensities were taken by interference filters and 

a fast speed camera (Photron: FASTCAM SA-5) through
fiber optical cables from argon and/or helium plasmas.

In conclusion, we have initiated the estimation of ne

and Te by using intensity ratios based on the simple CR 
model. In parallel, we have developed the full CR code, 
characterizing high-density helicon discharges in TUAT.

In the near future, it is necessary to increase the view 
lines to have local plasma parameters of of ne and Te,
especially in the D region, after suitable inversion 
techniques, leading to the understanding the D module 
region in the GAMMA10.
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Plasma detachment is expected to one of the most
promising method to reduce huge plasma heat loads to
the divertor plate in next generation fusion devices. Now,
new innovative divertor concept, such as super-X and
snowflake divertor, is proposed. SXD and SFD have ad-
vantages to increase the connection length and plasma
wetted area of target achieved by magnetic flux expan-
sion. Furthermore, magnetically expanding plasma to-
ward the divertor plate would have an advantage of sta-
bility of the plasma detachment.

On the other hand, higher plasma density and lower
plasma parallel flow velocity are required to produce
detached plasma more effectively because the higher
plasma density with lower parallel flow velocity should
enhance the volumetric plasma recombination. In mag-
netically expanding plasmas toward the divertor plate,
plasma density goes down along the magnetic filed due
to the flux expansion and plasma flow increases owing
to a contrary effect of a magnetic mirror. These effects
weaken the volumetric plasma recombination. There-
fore, a magnetically expanding plasma may have a dis-
advantage for the formation of plasma detachment. In
this report, the effects of magnetic field expansion and
contraction on the detached plasma formation was inves-
tigated in a linear plasma device[1].

Figure 1 shows magnetic field strength at the cen-
ter of vacuum vessel induced by the 20 solenoidal mag-
netic coils. In order to form the magnetic field expan-
sion and contraction in axial direction, it is possible to
separately operate 8 magnetic coils in upstream and 12
coils in downstream sides, respectively. The magnetic
coil currents were applied to generate 0.1 T in upstream
and 0.05 T in downstream for the expansion (solid line in
Fig. 1), and 0.1 T and 0.2 T for the contraction (dashed
line), respectively. When bias voltage for the target plate
was fixed at -100 V, ion saturation current, Isat, into the
target plate could be measured.

Fig. 2 shows the Isat measured at the target plate
as the function of the magnetic field strength in down-
stream. Here, the magnetic field in upstream was set
to 0.1 T constantly. By increasing the magnetic field in
downstream, ion flux monotonically decreased, especially
when the magnetic field was expanding towards the tar-
get plate. This result indicates that the magnetic field
expansion strongly degrades formation of plasma detach-
ment, and magnetic field contraction should contribute
to enhancing the degree of detachment.

Furthermore, EMC3-Eirene code is adapted to sim-
ulate linear divertor plasma simulator firstly and 3D
plasma and neutral distributions for four different types
of target plates have successfully calculated. The sim-
ulation results indicate that hydrogen molecular den-
sity profile is influenced by the target structure more
notably than hydrogen atom density profile. The V-
shaped target plate and the inclined target plate with
close structure give denser hydroge molecule near the
target plate[2,3]
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Fig. 1: Magnetic field strength at the center in a linear
plasma deviceNAGDIS-II[1].
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Fig. 2: Dependence of ion saturation current mea-
sured at the target plate on the magnetic field in down-
stream[1].

1) Yuki HAYASHI, Hayato NISHIKATA, Noriyasu
OHNO and Shin KAJITA, Plasma and Fusion Re-
search Volume 11, 1202005 (2016).

2) T.Kuwabara, H.Tanaka, G.Kawamura, N.Ohno,
M.Kobayashi, Y.Feng, 15th International Workshop
on Plasma Edge Theoryin Fusion Devices 2015.9.9-11
(Nara Kasugano International Forum IRAKA) (P2-
01)

3) T. Kuwabara, H. Tanaka, G. Kawamura, N. Ohno, M.
Kobayashi, Y. Feng, 24th International TOKI Con-
ference, 2014, P4-60, Ceratopia Toki

463

§16. Study of Influence of Magnetic Field 
Structure on Detached Plasma Formation

Ohno, N., Kajita, S., Kuwabara, T., Takagi, M. 
(Nagoya Univ.), Nakashima, Y., Sakamoto, M.,  
Ichimura, K., Iwamoto, M., Hosoda, Y., Shimizu, 
K. (Univ. Tsukuba), Masuzaki, S., Tanaka, H., 
Kobayashi, M., Kawamura, G. 


