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Quantitative evaluation of high Z impurity screening effect in a stochastic
magnetic layer and transport model validation

Kobayashi, Masahiro

3,800,000

z
(Z=2,6,26) ( ( ) )

10
10

Transport properties of high Z (high atomic number) impurity in the edge
stochastic magnetic layer have been investigated. Following results are obtained: Screening effects have
been observed for different impurity species of Z numbers, Z=2, 6 and 26 (helium, carbon and iron). The
current transport model needs a cross-field transport coefficient for impurity larger than the background
plasma by a factor of 3 to 4. About 10% of first wall source should be considered to interpret the
experimental results. Multi-machine comparison shows that the stochastic layer width should be larger
than the impurity penetration length by a factor of 10 in order to realize effective impurity screening.
Impurity flow velocity parallel to the magnetic field lines has been successfully measured, in which a
clear correlation between the flow field and magnetic structure is identified. The result opens further
possibility of detailed validation of the current transport model in future.




U 0 0oboobbooboobobooooo

doooooooooo

oodoooooooobooooooagn
doooooooooooooooooon
0dodoooooobooooooooooo
Oddboooboooobooooooooon
Oo0ooooooooooooooooon
ooon
O ITER (International Thermonuclear
Experimental Reactor, D OO0 OO0 0O
0)000000000000000000
Odoooooooooooooooooon
0000 ELM (Edge Localized Mode) O O
Oo0ooDoooooboooooonon
O DIII-IJ Doublet ITI-D, O O O, JETI Joint
European Torus, 0 0 0O, ASDEX-Upgrade
(Axial Symmetric Divertor Experiment, [
0)000000000000000000
dooooooooooon
OITER 00000000 O00ODODOOOO00Od
0000 zZO0O0O0OO0O00O0O0OOooOoOoOOaag
Oo0ooooooooooooooooon
Oddboooboooobooooooooon
0000000000 KeO XeOOOO Z
oooooooooooo
ddodooooooooooooooooa
Oo0o0ooooOoooooooooooon
000 ZO00O0O0O0D0O0O0ODODOOoOoOoOaO
O Tore Suprd] 0 0 0 0O OO Super Torus O
000 000 MTEXTORI Torus Experiment
for Technology Oriented Research, O O O [1J
LHDO Large Helical Device, 00 000 O
000 2000000000 0O0O0O00aO0
Oo0ooooooooooooooooon
ddboooboooobooooooooon
ooooooooooo

ooooooobooooooooooon
000 zZ00O0O00O0O0O0O0DODODOOOOaO
goooooooa

00000 0OOoOO0OoOITER OODOOO
ddboooboooobooooooooon
dooodoooooooooooooon
ogooooooooa

ooooboo
gobooboooboobobooobooooDo
obooboobobooboboboobooon
ob0oobooboboboobooboobo
ob0oobooboboboobooboobo
obooboobbooboboboobooon
oboobooboboooboboobooon
oobobo0o0oobobooooboooobo
00000000 0O0ITER ODOOODOOO
O000b0o0o0oOoDoobooonbD ELM OO
oobbo0o0ooboboooobooooboo
oboobooboboobobobooboon
oobbo0o0ooboboooobooooboo
goooboboboobooobon

oooobono
gobooboooboobobooobooo

00000000000000000000
00000000000000000000
0000000000000000000
00000000000000000000
00000000000000000000
000000000000000
(HLO0O0O000000000o0
00000000000000000000
0000100000 1000000000
00000000000000000000
00000000200000000000
0000000000000000000
00000000000000000000
000000000000000000000
0000000000000000000
0000000000000
(00000000000000000
0000000000000000000
00000000000000000000
0000000000000000000
00000000000000000000
00000000000000000000
0000000000000000000
00000000000000000000
0000000000000000000
0oooooo
(3)000000000000000000
000000000000
0000000000000000000
00000000000000000000
0000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
0000000000000000000
00000000000000000000
0000000000000000000
0o
(000000000000 z000000
0o
0000000000000000000
00000000@O000000000
0000000000000000 z000
00000000000000000000
000000000000000z0000
00000 zO0OOODOOOOOO0O0000
00000000000000
G)0000000
000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
0000000000

ooooog
(L) O0000OO0bOo0ob0O0ObD zoboOoo
ood



00000000000 (@=6)000000
0000000000000000000
00000000000000000000
0000000000000000000
00000000000000(Z=26)0 160
17 O (Fe, Fe™O0 000000 Z=2)0 1
OHe)ODOOO0OD0000000000
000000000000000000 M
0000000000000000000
0000000000000000000
00000000000000000000
0000000000000000000
00000000000000000000
0000000000000000000
00000000000000000000
(000000000000 000000
0000000000

000MMO000000000 1500 (Fe™)
00000000000000000000
00000000000000000000
000000000000000000000

1.5 _(';')_'_'_‘_'_' FelG*Q%"ﬁ'ﬁ '

N
o

;.~",.r\, " _:"/" N \

EERISREL 4

L EBHISEY .
o S \

o
3

£

T gAY N

o

(b)  FeDERL

).,

-
o

\a
VA
'

| (1014 phs. cm-2 s-1)

o
(&)}
T

L

\
~

2.

0 100 200 300 400 500
Z (mm)
ogoooooooooooooooonon
Oo0o0ooooooooooooooond
oodoooobooooooooooon
ogooooooad

10» T T T T T

oooooo
(Fets5)O 0O 0O
oooooo

oobboo0oobboooobooooboo
oboobooboboobobobooboon
oooob@oobobobboooooboo
ob0ooboobobooobobobooob
oobboo0oobboooobooooboo
ob0ooboobobooobooobooon
oobboo0oobboooobooooboo
oboooboog

goboobobooobooobooboooobo
ob0oobooboboooboobo zoo
oobboo0oobboooobooooboo
oo

@UoOo00oo0oOo0oboobOoOobOooo
ooooboooboobo
gooboboooooooobboboogoo
obo0oOoboo0o200000b0O0ob0oon
ooooboobobobboooboooboono
oobboo0oobboooobooooboo
ooobobObOooooobobobobm™moboo
oobboo0oobboooobooooboo
oboobooboboobobobooboon
o0oobo0obooboboooboobo
oooobOoOo0ooooobobobbooooon
ob0obooboooboobobobooboon
ob0ooboobobooooboboobooo
ob0ooboooboobobobooboon
oobboo0oobboooobooooboo
oooobOoOo0ooooobobobbooooon
oboooboooonog
obooboobooobobobooboon
ob0ooobooobooboboboobooon
oboooboboboboobooboboo
oboobooboboooboboobooon
oobboo0oobboooobooooboo
oobboo0oobboooobooooboo
o5 0o0ooooboon
ob0oobooboboooboobooob
ooobobooobooobooo
gobooboboooboboboboboo
ob0oobooboboo200b00b0O0o0on
oobboo0oobboooobooooboo
ob0oobooboboooboobbooon
obobooboooboobobobooboon

. 3000E415

200045

Vertical direction Z (cm)
=
(phs.cm™2 s)
Vertical direction Z (cm)

002040 0 0 2
Horizontal direction Y (cm)

D W A0 0N
(@ Horizontal direction Y (cm) (b)

OoooooooeyHooo 2000
00000000@OO000000
oooomOoOooon



oboooboboooboooboboo

()ooo0o0o0oo
000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
0000000000000000000
0MO00000000000000000
00000000000000000000
00000000000000000000
000000000000000000000
00000000000000000000
0000000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
0000000000 1000000000
00000000000000000000
0000000000000000000
00000000000000000000
0000000000000000000
00000000000000000000
0000000000000000

O THmEREY
O FHMEREL
I ITER
LHD
102 Lim/n=3/1) Tore W];-X :

Supra

i m&}“\TEXTOR-DED
L O/ !mpf-"’fl‘

y &
= W C g o
(128 ‘”f 3Dlg ;fii’;;ﬂg WT-AS

AFX XY RAT1VIRBRDEH

—
<

RII-D

@)
10 100 101
TSIXTIRETHDOEDERNDIHE

0000000000O00oo0oooo

ugbbogboobboooooaobod
gbbogboobbogbooood
gbobooboboooboobobodd
ggoobuobbooboobobod
ugoo

@GHUoooobooobooboobooo
oooooooon
gogoobobobbooooobbbooo

oboobooboboobooobooon
gobbooooboboooobobooooon
gbooboboboboboboooboon
gobbooooboboooobobooooon
oboobooboboobooobooon

O0o00obOopboboOob 40500000000
oobbo0o0oobboooobooooboo
oo0ooObbO0ooooobobo™oooboo
oobbo0o0oobboooobooooboo
ob0ooboobboobobobooboon
oo0oobOo0ooooobobobbooooon
oobbo0o0oobboooobooooboo
obooooooobooboboboobooon
ob0ooboobobooboboboobooon
oooobooon

oooooooog

o0oo0omo 11oo

O Shwetang N. Pandya, Byron J. Peterson,
Masahiro Kobayashi, Katsumi lda, Kiyofumi
Mukai, Ryuichi Sano, Junichi Miyazawa,
Hirohiko Tanaka, Suguru Masuzaki,
Tsuyoshi Akiyama, Gen Motojima, Noriyasu
Ohno, LHD Experiment Group, “ Dynamics of
three-dimensional radiative structures
during RMP assisted detached plasmas on
the large helical device and its
comparison with EMC3-EIRENE modeling” ,
Nuclear Fusion, vol.56, 2016, 046002, O
ooo.
doi:10.1088/0029-5515/56/4/046002

O Shuyu Dai, M. Kobayashi, G. Kawamura, S.
Morita, H.M. Zhang, T. Oishi, Y. Feng, D.Z.
Wang, Y. Suzuki, the LHD Experimental
Group, “ EMC3-EIRENE modelling of edge
impurity transport in the stochastic layer
of the large helical device compared with
extreme ultraviolet emission
measurements” , Nuclear Fusion, vol.56,
2016, 066005, OO OO .
doi:10.1088/0029-5515/56/6/066005

0S. Y. Dai, M. Kobayashi, G. Kawamura, S.
Morita, T. Qishi, H. M. Zhang, X. L. Huang,
Y. Feng, D. Z. Wang, Y. Suzuki, the LHD
experiment group, “ EMC3-EIRENE
simulation of impurity transport in
comparison with EUV emission measurements
in the stochastic layer of LHD: Effects of
force balance and transport
coefficients” , Contributions to Plasma
Physics, OO0 O, ODOODO.

O M. Kobayashi, Y. Feng, Y. Xu, F.L.
Tabares, K. lda, 0. Schmitz, T.E. Evans,
H. Frerichs, Y. Liang, A. Bader, K. Itoh,
H. Yamada, Ph. Ghendrih, G. Ciraolo, D.
Tafalla, A. Lopez-Fraguas, H.Y. Guo, Z.Y.
Cui, D. Reiter, N. Asakura, U. Wenzel, S.
Morita, N. Ohno, B.J. Peterson, S.
Masuzaki, “ Impact of 3D magnetic field
structure on boundary and divertor plasmas
in stellarator/heliotron  devices” ,
Journal of Nuclear Materials, vol.463,



2015, 2-10, DO OO .
http://dx.doi.org/10.1016/j . jnucmat.201
5.01.011

(OM. Kobayashi, Y. Xu, K. Ida, Y. Corre,
Y. Feng, 0. Schmitz, H. Frerichs, F.L.
Tabares, T.E. Evans, J.W. Coenen, Y. Liang,
A. Bader, K. Itoh, H. Yamada, Ph. Ghendrih,
G. Ciraolo, D. Tafalla, A. Lopez-Fraguas,
H.Y. Guo, Z.Y. Cui, D. Reiter, N. Asakura,
U. Wenzel, S. Morita, N. Ohno, B.J.
Peterson and S. Masuzaki, “ 3D effects of
edge magnetic field configuration on
divertor/scrape-off layer transport and
optimization possibilities for a future
reactor” , Nuclear Fusion, vol.55, 2015,
104021, OOO0O.
doi:10.1088/0029-5515/55/10/104021

O0S. Morita, M. Kobayashi, T. Oishi, H.M.
Zhang, M. Goto, Z.Y. Cui, C.F. Dong, L.Q.
Hu, X.L. Huang, G. Kawamura, S. Masuzaki,
I. Murakami, E.H. Wang, *“ Effect of
neutral hydrogen on edge impurity behavior
in stochastic magnetic field layer of
Large Helical Device” , Journal of Nuclear
Materials, vol.463, 2015, 644-648, 0O O
oo.
http://dx.doi.org/10.1016/j . jnucmat.201
4.12.055

O Hongming ZHANG, Shigeru MORITA,
Tetsutarou OISHI, Masahiro KOBAYASHI,
Motoshi GOTO, Xianli HUANG, “ Evaluation
of Poloidal Distribution from Edge
Impurity Emissions Measured at Different
Toroidal Positions 1in Large Helical
Device” , Plasma and Fusion Research,
vol.10, 2015, 3402038, OO O0O.

DOI: 10.1585/pfr.10.3402038

O M. Kobayashi, Y. Feng, I. Yamada, H.
Hayashi, G. Kawamura, “ Benchmark of Monte
Carlo Scheme of EMC3 Dealing with
NonUniform Cross-Field Transport
Coefficients and Implementation in LHD" ,
Contributions to Plasma Physics, vol.54,
2014, 383-387, DO O0O.

doi: 10.1002/ctpp.201410015

0S. Morita, E. H. Wang, M. Kobayashi, C.
F. Dong, T. Oishi, Y. Feng, M. Goto, X. L.
Huang, S. Masuzaki, I. Murakami, Y. Suzuki,
T. Watanabe, the LHD Experiment Group,
“ Two-dimensional study of edge impurity
transport in the Large Helical Device” ,
Plasma Physics and Controlled Fusion,
vol.56, 2014, 094007, OO O0O.
doi:10.1088/0741-3335/56/9/094007

Y. Nakamura, M. Kobayashi, S. Yoshimura,
N. Tamura, M. Yoshinuma, K. Tanaka, C.
Suzuki, B. J. Peterson, R. Sakamoto, T.
Morisaki, the LHD Experiment Group,
“ Impurity shielding criteria for steady
state hydrogen plasmas in the LHD, a
heliotron-type device” , Plasma Physics
and Controlled Fusion, vol.56, 2014,
075014, OO O0O.
doi:10.1088/0741-3335/56/7/075014

O0S. Morita, C. F. Dong, M. Kobayashi, M.
Goto, X. L. Huang, I. Murakami, T. Oishi,
E. H. Wang, N. Ashikawa, K. Fujii, M. Hasuo,
H. Kasahara, D. Kato, F. Koike, S. Masuzaki,
H. A. Sakaue, T. Shikama, N. Yamaguchi, the
LHD  Experiment Group, “ Effective
screening of iron 1impurities in the
ergodic layer of the Large Helical Device
with a metallic first wall” , Nuclear
Fusion, vol.53, 2013, 093017, OO O0O.
doi:10.1088/0029-5515/53/9/093017

ooooomo 1100

O O O 0O 0O , *“ Relation between
hydrogen/impurity emission distributions
and stochastic magnetic field structure in
LHD* , O 3200000000000 OO0,
20150 110 24-27 0, DOOOOOOOO
goooooog@oooooon).

0O M. Kobayashi, *“ Relation between
impurity/hydrogen emissions and edge
stochastic  magnetic  structure at
detachment transition observed in LHD
divertor region” , 20th International
Stellarator-Heliotron Workshop, 2015 O
100 5-90, Greifswald (Germany).

O M. Kobayashi, “ Effects of stochastic
magnetic boundaries on divertor
optimizations” , 1st [1AEA Technical
Meeting on Divertor Concepts, 20150 90
290-100 20, IAEA Headquarters, Vienna
(Austria).

O S. Dai, “ EMC3-EIRENE simulation of
impurity transport in comparison with EUV
emission measurements in the stochastic
layer of LHD: Effects of force balance and
transport coefficients” , 15th
International Workshop on Plasma Edge
Theory in Fusion Devices, 9-11th September
2015, 0OOOODOOODODOOO (OO
oooono).

O M. Kobayashi, “ Transport and exhaust in
helical divertors” , 597th Wilhelm and
Else Heraeus Seminar, Stochasticity in
Fusion Plasmas, 2015 0 9 O 10-12 0O,



Physikzentrum Bad Honnef (Germany).

O0004g., *2b visible imaging
spectrometer for divertor plasma in LHD” ,
0 3100000000000 oo, 2014
0110 18-210, 00000 (OoOoOod
00).

O M. Kobayashi, “ 3D effects of edge
magnetic field configuration on
divertor/SOL transport and optimization
possibilities for a future reactor” , 25th
IAEA Fusion Energy Conference, 13-18th
October 2014, St. Petersburg (Russia).

O M. Kobayashi, “ Impact of 3D magnetic
field structure on boundary and divertor
plasmas in stellarator/heliotron
devices” , 21st International Conference
on Plasma Surface Interactions in
Controlled Fusion Devices, 26-30th May
2014, OODOODOOO (OoOooOoOoOano).

opoogdo, “Wo00oboobobooon
ob0ooboobobooboboboob 200
oooobogor ,0 3 b00o0oooboooob
o0 00, 20130 120 3-60, 0OOO
00 0D00OO0DOO00O0 (oobooog).

O M. Kobayashi, “ Benchmark of Monte Carlo
Scheme of EMC3 Dealing with Non-Uniform
Cross-Field Transport Coefficients and

Implementation in LHD” , 14th
International Workshop on Plasma Edge
Theory in Fusion Devices, 23-25th

September 2013, Cracow (Poland).

O0S. Morita, “ Two-dimensional study of
edge impurity transport in LHD” , Joint
19th ISHW and 16th RFP Workshop, 16-20th
September 2013, Padova (ltaly).

0oooooo
(Hooooo

00 OO OKOBAYASHI, MasahiroD
0000000000000000000
O

00000 030399307

(O0Ooo0oo
00O

(Huoooo
00O ODOMORITA, Shigeru O
00o0oooooooooooooooon
00000080174423

OO0 0O0O0ecoTo, Motoshil
gooobooobooboobooboboon

g
00 000000290916

00 OO0 0OKAWAMURA, GakushiO
goooboobooboboobobon
00000 070509520

OO0 DOOO0OO00D0DAI, Shuyud
goooboobooboboobobon
goo

00 00D0 050754686

(HOOoooo
000 DOO0O0OFENG, YueheD
0000000000000000000
0o

000 DOOD0O0O0Xu, YuhongO
goboboooboooboon

OO 0OO0000O00Dong, Chunfengd
oooooooooooooon

O000O0 DOO0OD0OdSsCHmITz, Oliverd
gooobooobooboooboo obo

gOO0O [O0O0OCORRE, YannO
oooobooobooobooboo



