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T,: ~100 eV East e C_ECHGP GP st
E-Divertor parameters (already achieved
* Plasma diameter : 0.1~0.3 (1.0) m? @é?’%z’ <
* Plasma density : ~10°m3 <10¥m-3

* Electron temperature : 30 eV (only RF), 100 eV (with ECH)
* Ion temperature : 50 ~500 eV (only RF) ~400 eV € EimE
« Magnetic field : 0.15 ~ 1.5 Tesla @ﬁﬁ%ﬁ%@
 Particle flux density : 102 ~10*m2s! <10¥m?s’!

« Heat flux density : 0.1 ~20 MW/m? ~10 MW/m? (with ECH)
* Plasma duration : 0.4 sec. ~ 4 sec. (10 sec. with low magnetic field)

* Fluence : 1023 ~ 10> m2 /day, ~ 10?6 m2 /week
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By using the end-loss ion energy analyzer (ELIEA), the dependences of effective ion temperature

T.,f" and ion current density I, on the mail plasma parameters are investigated. by K. Ichimura
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Both data showed a good lineality and it is clearly found that the central-cell
plasma parameters can control the parameters of end-loss ion flux.
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Preparative Experiments at End-Mirror (E-Div.)
Estimation of net heat-flux density during ECH
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The net heat-flux continues to increase with the ECH power and is expected to be
achieved up to the level of 10 MW/m? within the available power of ECH, which almost
corresponds to the heat load of the divertor plate of ITER.
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Axial distribution of heat and particle flux density

Data points with connected lines
represent the calculation results of the
heat and the particle flux taking into
account of the effect of the density
reduction due to the expansion of
magnetic flux tube in the downstream
side from the end-mirror exit.

In this calculation, the plasma ion
density at the end-mirror throat is given
to be 5x10'7 m~ based on the measured
results of heat and particle flux density
at zp,, = 30 cm. Each value measured at
the different axial positions occupies the
intermediate position between the two
calculation lines (7, = 100 eV and 200
eV).

These results give a good agreement with the measured ion temperature of 140 eV,
which indicates that the ion behavior is fundamentally restricted in the magnetic
field configuration.
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It is confirmed that the transport of the heat and particle fluxes from the end-
mirror exit is basically governed by the magnetic field configuration in the end-
mirror region.

PMTS-10 Y Nakash

ma




A RETE OERRER wsnnxamse)

R158—F NI 1+ B ARG A A— D8

Stainless steel (216287) Tungsten (216288) Carbon (216289)

Radial distribution of brightness
300 p—r—r—r— —

Axial distribution of brightness

1 1 1 ! « FWHM value:
— i — o olainiess steell  — [ | —— Stainless steel 1
E 250 _ @ - Tungsten E 1 H a Tungsten L,;:ET W > SS > C
D [ D - DD“‘“‘“‘ 1
—: 200 [ f“"’”"%% — - Carbon —o0shl Carbon Sl .
T [ e SN 2" - Energy reflection
= - 10cm «<———%—> = [ FWHM value & . : ] . .
o 150 | 3 % 0.6 £ s L0 pixel coefficient Rg:
@ ; o | 1.4 pixel #——2= 5 g pixel W oS c
£ 100} R £ 04 B Re™ > Reg> >R
3 at &£ éﬂ; |
> | %%% ° A
= 50} =02 . - Energy of reflected
3 .::“ °Mmmmhnnmnnnxgl
g | —— ol i T hydrogen atom E;:
50 75 100 125 150 120 140 160 180 200 220 240

Y-pixel (Y-axis) X-pixel (Z-axis) h h h



EENASIEE DTS XV —HRHBE R
S ARRHOIRTA X — V5t

BULEEEY—7v b Only RF

Sampling pixel position
120
100

Calorimeter
 on stain-less
¥ steel

Carbon

Pixel position in X [pixel]

100 150 200
Time [ms]
Ceramic shaft

ECHASIR, IRBRT XUV ICLDRERNEEDRLSZEHA
SIUSRCACH IO oI nNI[CERION Comera: HAS 220
Frame rate: 400 fps

‘ ‘ Shutter: Open
. Filter: Without

R. Yonenaga, Y. Nakashima

PlasmzRillY! Tungsten

(.

IR T AV EMERE E DBREERICK 5BWRLZ &

PRC Sympo 2011, Y. Nakashima



g3 —7 YN EHRAE AR




FIRDASIZ KD FEIETE

He 500 mbar 40-100 ms Ne 500 mbar 40-100 ms Ar 500 mbar 40-100 ms

a
<

o« HIMIEEIL He < Ne < Ar DIETHo7=, ‘
o JEIEA TS XVITHFoTHLICIZE., BIARDZELEDNEZEDHR/NTEREH R E
iU AU REICKBEDEND LA DPPE,



M RA A I RILEF— T 8R

ez (ELIEA) DBIRRE] (em12&maE®mLD) ELIEAICK BT RILF—AXRI NIV
3 cm lon Repeller ﬁo:gh?mzusra Y. Nakashima
> Grid: Vo +AV Energy Spectrum of End-loss ions
M%ﬁl\e/ltii\gp\[ligld Electrons , 4 104 216015(98.23~106.23ms)
\\ Neutral Particles . R ~
Plasma Bt W\ iand X\X rays = 35 10-4: :...?.. ..... ’% ........ _
Influxes HEESEE e \ 3 [ 030:5’”. 0.“‘ ]
lons 5 3107 . &t,,g : ]
Metal Plate — AV ~ ?’o 494
Collector | E 2eV,+— c 2.510" :3‘
i . cos"@ ) ; e,
| - _4.
.I:ons lon Energy o 210 : ;?
Control c af Lo »
Grid : Vg S 15107 P
AVYI0BIY RERICERES N TWLWSiR = e
BRAAVIXNE—HRBYLIEA B 510° ¢
W, 75XYORERBEET. 142 b
Ro7—BEZ#HE~10Esweepd ., R 0 500 1000 1500 2000
N7 Ml ZzERGDLESZEICEKST, E (eV)

ion

HBRENWEIRILXF—2HZ85 2 EDHFEE,
IRAY—EE : 01P28, i fit THrI\N—~1EE. BEERBEERBROADIRIERA AV iRA )



o T, BHETOY 5L

PNG SAVE
-I-End Loss Ion.txt SAVE on foff | §
S J;_»‘ o Cache Folder
Shot # O V ELI file name I ELI 2 file name _ _
|“:. E:¥experiment¥GamViewCatch @4 DMCC filename NLCC filename
1216275 |-V-End Loss fon.txt |-1-End Loss Ion2.txt Save folder I pMcc.boa | “NLCC.txt
start time (4ms step) TIME RANGE fitking para fitting para2  skip point I‘L E:¥temp [b] . .
2 100 |(95.80~195.80ms) 10 CE alo S oeos LSl
 time range (0.02ms step ) MIDDLE TIME - portl/port2 ' : . 352.696
4100 145.8 data point  forward point 1.0E-6-
. Q 5000 (0 double fit 2 para v
_ : min

128.999 4230
914.796 “V max

|1.10802€-6 41600

§;Z', JHJmlhﬂHllln!,h||||||,|||||w|||||||',u'1.unumnuMmm||,||||”|.“..I.,,

5060 80 100 120 140 160 180 200 220 25
Time [ms] W
'2_
o6 ©1-
‘) 4-AhI|I”|||;l||||||||!l“|“||!ll[||||||ll|||||||;l||||||||A1||||||||Aill||”|||Al||I]”||'... ] | g2 4.64778E-16
% 750 1000 1250 1500 17

25% 57 DA A > :mE -Chitting

B dnnunt —

T I I ] ] 1 I I I
5060 80 100 120 140 160 180 200 220 25 Time [mes]

oc-4-

plug offset
0.000198485 g

| 1E-5
0.000150811 -

167.724 x*y
7.58219
V plug

1 ] 1 i ©- | | I ﬁﬁ
-150 500 1000 1500 204 | li
167.724 7.01419E-10

Voltage VER [kV] - '7

N .

1.34223E-6 | |} "g?j---

I I 1 I I 1 I I 1
0 500 1000 1500 190 50 100 150 200 250 300 35

0 500 1000 1500 210 0 500 1000 17 Spllne ﬁtting

] A
T
-+ e
| |

1 1
-1500 500 1000 1500 2
Voltage VER [kV]

Current Density Ie [mA/

L
HEP A

0.00033202

M |l 0.00033202
o

100.255




lon flux (Arb. Unit)

I RARAADIRILF—ARGRL

2010.9.25
K. Ichimura, Y. Nakashima

105 216275(95.80~195.80ms)
\ lon flux ]
! — -7, (113eVv) |]
- \< D, —— Toign (680 eV) |1

106 . l i Tlow + Thigh E
\I\ \ T, = (-p) T_+ BT,

107 s

10-8L=

Energy Spectrum of End-loss lons

o) 500 1000

E ion (V)

1500

2000

EEBHEW\NT7—RFIC &%
T SAVDES, iniE
KAAYDIRILF—DT%
D2RAZRRLTWVWS
(‘.: 75\¥IJHH LJ TCo

SonfcIxRILX—9DHh%
R (KRR ICT.
72199 T14733CEIC
&D, BAtkZEHULTE
SRRIRIERA AV DRE

Teff.i p
%ERMTCO



BiERigZE E&D L I (E-Div.)

T REEVRR - AFREEDRE

10%% —————— —_—— 0.8 108 ————————— 0.8
T, = 500 eV == N =1x1019 m? | Ny = 1x1018 [m3] - —-T,,=500eV -
— [T~ N | N, = 5x10"® m3 || 5 -~ i N T, = 200 eV
E 1024l S —--N=2c0%m?*H g 5 E 107 b T Ty mI00evy los
* "~ ‘ S — N=1xtome || = - RN —T,,=50eV |
% NN ' | z —
% 23 ) ' 2 6 "~ '
1022 1o. 2 108} lo.
~ z ] o) F .
] o !
1 i — sm| | .
1021 ‘ . Ty 104 i i Ne— 0
0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Z [m]

o

/I >

5 —

\

T, BE:

FX5— *NE%EM] afrEHEAITS I EICED =
1093 &,

Z8 Tt 0.5m ﬁ'ﬁ’t"s

cTIVIR:

« BRERREE 1 0.1 ~several x 10 MW m™

_—ZEI—F*IZL‘EBL\\
A 00 VDT XAV ZEREFNIE, TVKRE

several x 1023 ~24 g1 2,

PERTES,




. ;ﬁﬁ:ﬂdb

2) NNEh:%

$71.1_
[CHBITBICRFHEIBHAED

10T Fo 11 D ZE IR i

DERE
EXE

<A-Div. & E-Div.> Tl. Katanumaj

BB L

Anchor Divertor

W/Mc=12  OMc=20 OW=30 OW=37 Eice=10V/cm
parallel pressure (€+00) perpendicular pressure (¢ 00) density (E+00)
:g).(lﬂ 0.25 0.50 5 | % :@ 00 0.25 0.50 0.75 1 % ;0.00 0.25 0.50 0.75 4] Q
)
1 Pl s s §
dy 8 PN g by @
] ST Tao @ Ty §
¢ il & 2 L 2 3
// .
g g 8 g g L g
“b.00 050 075 1.08 “b.00 050 .75 o8 .00 025 0.50 075 1.00
z -+ -axis  (E+00) xis  (E+00)
e erature 4 perpendicular temperature (E+00)
e ; 0.50 075 Lo 5 025 050 075 1og np = 2x10"/cnr’ E1crF = 10v/em
T , Tp = 100eV
g I /2 & g B = 1.5kG
Lo /e & 59
e i g N Ak " 3R ng=10'2/cm’, To=100eV
L= Vi = ng=1.0x 10°/cm?
= 12 Te=100eV
e
_ 5
@ ~<
E 12 3 Z
2 A& no = 10'2/cm?®, Ty = 100eV £
— o~
S 6.0 200 >
a9 L
5.0 A r15.0
n 4o F10.0
- o % A, 5o NTL
2.0 A . . 0.0

0.0

10 20 30 40 fb’ 60 7.0

Ecre=20V/cm ... 0)/(1)
10V/iem AAA ¢

(E+01)

SEERET U IS E LTI,
BN ED R VERHEELT WS,

gg:

97 4 v 1—7 5 > — K (mulreco) 2 AW A-Div.

np = 2x10'%/en’
Tp = 100eV

no=1.0x10%/cm?
Te=100eV
By = 1.5kG

FHEIE np = 10'2/cm?, To = 100eV

Anchor Divertor

Eicre=10V/cm

wogsrouion)  (e.on doasuion)  (e.on i) e
.00 150 3,00 450 608 D0 150 3.00 450 608 .00 150 3.0 450 608
ifi=1.2 ®/0:;=2.0 o /0.=3.0
2 2
& ¢ 4 b } gl
S
g 8 8
.00 1.50 3.00 450 6.00 “b.oo 150 3.00 4.50 6.0
vp (E+01) vp (E+01)
dog(dsbuion) (e.01) 180keV
- s
- %

oo/u)C 50

'8 8%
8 8
g 2
b0 0 700 W50 608

W (E+01)

w/w,=3.7 ¥rfE

C m:E'J“L\'CA-Div.*Elw)? Vb v s

TR



. A=
2) 7J|],.“

HTtFo T

|DEFFIRT

<A-Div. & E-Div.> Tl. Katanumay
. muIrecoEFﬁL\TcE—Div ICH T DICRFRIERNEBED

mabEvL © M F R EE DB EKREFNE
End Mirror
O/Oc=1.1 O/Wc=12 OMc=20 OO=30 Eicre=20V/cm
20 0 g g
pi

900
g

o T8 B no=10"2/ em?, To=

np = 2x10"%/cm? E1CRF =20v/em
Tp = 100eV

Bu = 5kG

100eV

EJU 1D§ ?U pgmenﬂd HE
1T T,
ERY \;
i # 13 Y By
75 10% (g)D.OD iiiiiiiiiii ‘Dg
............
K=
2 $R&E no = 10'2/cm3, To = 100eV
S 200 : ' -
%
15.0
n 100
5.0
0.0 . , i ! . .
00 05 10 15 20 25 30 35 40

Ecre=20V/cm . . . 0) /(OC

I (particles /s » m’)

#ib. ROG=Z

Exr=10 V/em, w/w =20

&> Heat Flux & T =100 eV THRIRIL
........................... 1000
« <
24 T -N-— I
1 0 :_ _e_ I_‘.// e .: WSS 1 OO 8
. L ,e' _| —
o - Ll
1/ 8 E
102 / N 108 X
o e ==
/ =
// 5 iy
1022 ‘/ —a&— Heat Flux i 1 3'\)
i
107 0.1
0 5x 10 1x10° 1.5x10"
n, (m?)

w/w,=2.0 IEEICH T BICRFIMET, FZJ/N
) 7"’25(:(_ 10°cm3 DT Z2AVERT B Elck
D, IRERRIFREZBE 102E/s e m2, BREZEE
10OMW/m? ICEIERGETH B Z ED > T=o



RS Z Bmh U e it Ze(A-Div.

/ YA/~ 58\

RUSH R 0 0D B B

1B/ 15 7 > h—ER

BFOERZELFIAT
EHFMHGTICT, BRER
WIS BC A DERETHETTH

// BISRE{L A \\
BTNy ADHENIR
DEEICE LRV

« XIJVRET O _FHIZTHEE
M 1kGIAE

- BN ERD 7 5 X 7 BiE
fEAE40L

- BNEISERE TV RS 5 —

sRCTHERMRML

/




HTT 0BT 1B D 2R 5

- IEFEDRKE
1) BiBEREt <A-Div.> Tl. Katanumay

- BRERRMEEOESE (BFHE)

- BN RUYY I AHRZERHRZEN SV (SOLDOHELR)
- NULLRIE T OBISEEDHER (Bl UiAs & Nshs)
- FAI7Z Y A—TDT 5 XY DMHDEREILFG (75 XVERSEM)

- BREDBAMALEYE (75 XVE/MEM)

HIAMN—5Be2CITIEER

BREABZTIR—ILELTBH I &icLD,
BERRCHIFBERNFeERELS T EEKE —>

i £ /i h A A A A A A M A
[ (a N 1 " = — Al .f/\. Jiaty ‘/ N :"y,g ,’A,’ N //1 [N

HITAIN— 5
Blgauss) vszlem) /
% ,}‘ 11 & ﬁCCEOS%EE‘:;ﬂ]i% &
o | IRKD, FAN—=FEBIConTE
LML L | BEO7SAVERN TS

e e | DI ED DD T

(E+04)

2.00

k /
N

HAN—FEHR TS AIEN /P REENDLLE
—EITLizE EDREHRER

stability boundary of m=1 ballooning modes
01 0.6

(((((

g\ 34 -0.34 0.00 0.34 01 1. 8
s SEHTDE N DUSHS s
Bdiv = 1.6kG PL
Bcc s 40kG - .
c—’1 .34 -1.01 -0.67 " -0.34 6'(?0 0.34 0.67 1.01 |.§
z-axs (E+03)  Pavi=0.0

e
2081 6=0
& 071 stable

<PiA+P|A> (at anchor midplane)
1

Pdivi/Pect=1.0

0%' 4
04
1041 20
03 1
80.2-
<01 |
= . e unstable
T00 T 001 002 003 004

Bee=0.5% - Baiv=6.25%

<PictP|c> (at central midplane)
SRS L
BCZ/ST: Y NZILERBE

Pec



SEBODRTI21—)l (tentative)
. FEBOBE

B DG v v TER21FEER

:’f)b@g&% ........................... E_J-_,jz22¢r_ﬁ”:|:
BB HRRDBE s T R224F B AT

jmm;l,% SR DERET e MR 224 J‘"E

o ImElFlm3EER:
HRRAFROFIEFT M EzEE - FR21~225FE
lﬁ'ﬁnﬁj 7Z70)__|-*E7ll.',n'|' : || TR 2_5!221.,22;";
B EARE ARG EER - FR22F E~

%ﬁ- @%ﬂ; ......................... TERR23FEFELIFE ?




