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@ 21 contributions from LHD to 30th EPS Conf. {Z2*

NIFS

* Transport and Core Plasma Property

P-3.18 Structures on Electron Temperature Profiles of the Plasmas Confined in the Large Helical
Device by K.Narihara et al.

P-3.19 Influence of Beam Flow on the Electron Transport in Low Density LHD Discharges by
N.Ohyabu.

P-3.16 Global and L ocal Confinement Scaling L aws of NBI-Heated Gas-puffing Plasmason LHD
by K.Y amazaki et al.

P-2.160 Effect of Magnetic Field on Asymmetric Radiative Collapsein the Large Helical Device
by N. Ashikawa et al.

P-4.67 Imaging Bolometer for a Burning Plasma Experiment by B.J. Peterson et al.

* Turbulence & Fluctuations

P-1.73 Imaging I nterferometer for Plasma Density Profile and Microturbulence Study on LHD by
A.L.Saninet al.

P-3.11 Particle transports and related fluctuation on LHD by K.Tanaka et .
P-3.174 Edge Plasma Turbulence in Fusion Devices. Bursty Behavior and Fractal Properties by

V.P. Budaev et al.
*MHD

0O-3.2A(P-2.230) Effect of L-H Transition on MHD Stability near the Plasma Edge in the Large
Helical Deviceby K.Toi et .

P-3.21 Sawtooth Oscillation in Current Carrying Helical Plasmain LHD by Y.Nagayamaet al.

S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003.



@ 21 contributionsfrom LHD to 30th EPS (contd) (&2

NIFS

P-3.17 Inter pretation of L ow-Frequency and High-Frequency Alfven Instabilitiesin NBI
Experimentson LHD by Y.I. Kolesnichenko et al.

*Heating

P-2.171 Achievement of a High lon Temperaturewith Ne- and Ar-Seeded Discharges by High-
Power NBI Heatingin LHD by Y.Takeiri et al.

P-2.181 Analysisof ICRF Heating in LHD by Three-Dimensional Calculation by T.Seki et al.

* Fueling and Pellet

P-1.59 Fast spectroscopic measurements of the ablation clouds of Tracer-Encapsulated Solid
Pelletsinjected into LHD plasmas by N.Tamuraet al.

P-3.12 Repetitive Pellet Fueling on LHD by R.Sakamoto et al.

P-3.13 Observation of Plasma Response and lon Temperature Increase after Impurity Pellet
Injection in LHD by S.Moritaet al.

P-3.14 Dynamics of pellet ablation cloud observed by a fast-framing tangentially viewing soft X-
ray camerain LHD by S.Ohdachi et al.

* Edge and Divertor Plasma
P-3.20 Edge Density Profile Measurementson LHD with a Lithium Beam Probe by T.Morisaki et al.

* High Energy Particles

P-3.22 Horizontal and Vertical Distributions of High-Energy Particle on Large Helical Device by
T.0Ozaki et al.

P-3.23 Suprathermal Proton Distribution Function Measurements with a Multidirectional Charge
Exchange Diagnostic on LHD by P.R.Goncharov et al.
S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003.
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Large Helical Device (LHD) @&

- Heliotron configuration with
|=2/m=10 field period

- Major radius =3.42-4.1m
Plasma radius = 0.6 m
Plasma volume = 30 m3
Toroidal field =29 T

All Helical and Poloidal Coils
are superconducting.

S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003.



Achieved

10
e \ 10 keV
W7-A ¥ 3
LHD R3.75 | e » 7 keV
LHD R3.6 ~
107" | Srsspponnes 1.2 MJ
5 3.2 %
Q :
0 5
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S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-TH200S8



© =  Concept of LHD Diagnosticsfor 3-D Helical Plasma

NIF5

r i
A

Ability

Reliability

Flexibility Ro il

| maging

Subjects

Divertor &'

Edge Plasma\_ L ong Pulse

S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003. 9



=  Overview of LHD Diagnostics

NIFS

« Complete set of standard
diagnostics for operation and
physics study have been installed. '

 Advanced diagnostics are being
developed with collaboration.

VUV /Visible Spectroscopy

SX Diode Array
Reflectometer
MMW Imaging

CCD Camera

_ erometer
Magnetics

SX Cgmera BI#2
Imaging |
Bolometer

Diamond NPA

YAG
Thoms = ECE
i | Bolometer
CXS
i NPA
'1
- UV Spectroscopy
TESPEL/TECPEL Crystal Spectroscopy
Imm/2mm Interferome
S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003. MIFS-PEIZS 10



1. Reliablediagnosticsfor operation (TV,

NIFS

e, 1,, W,, NBI interlock) and for

e "p’
fundamental plasma parameters(T,, T;, n,).

*Plasma Operation (Feedback Control)
—ne: FIR Laser Interferometer
—NBI Interlock: Reflectometer
—Ip: Rogowskii Coil
(Unliketokamaks, in LHD, plasma current is not needed. But, the
bootstrap current and beam driven current appear to some extent.)

Fundamental Plasma Diagnostics with Reliability and Flexibility
—Te: YAG Thomson, ECE (Michelson), SX-PHA
—Ti: Crystal Spectroscopy, CXS, TOF-NPA
—ne: Interferometers (1&2mm micro wave, FIR, CO,+YAG Laser)
—Wp, B: Diamagnetic Flux Loop
—Data Acquisition: CAMAC, Object Oriented Database

S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003. 11



ﬁ Electron Temperature Diagnostics @}

« Time evolution of T, profile is measured with 3 systems.
« ECE is useful also for MHD diagnostics.
« SX-PHA is useful also for impurity measurement.

ECE

Notch
Filters

Michelson =

GPC
(14ch)

Polarization
Rotator

70GHz
___ Radiometer
(32ch)

132GHz

Radiometer __|
(32ch)

System

4 Si(Li)
Detectors

SX PHA

S. Sudo: “Diagnostics on LHD”,"EFSZuus, St. Petersburg, 7/7-11/2003.

Scanning

200 Channels

Filter Bank

YAG Thomson

Mirror

YAG

YAG

YAG

YAG

YAG

12



@& YAG Laser Thomson Scattering

« LHD Thomson uses an obliquely back-scattering configuration.

e Large mirror made of 100 modules condenses scattered light (AW >10msr).
» 144 radial points are measured every 0.1-0.01 sec (15mm< Ax <30mm).

* YAG Thomson system works routinely with little trouble in LHD.

LHD CL Before H, pellet injection

Observation Points: 144 20 g T T T TR0
o 15 o 15
£t 5
L 1.0 — 1.0=
— - [

=05 0.5

0.0 0.0

0.14 sec after pellet injection
E'1::II|I|I|I|I|I

. p__.'l.i:..- SR _1-5
Modular Migr
il === 1.0
te Disgrastic room - —‘ 0.5
00,32

YAG Laser: 2J/pulse||10pulse/sec R (m)

K. Narihara, I. Yamada

LAsERIfram Diagnostic roaom)

13



NIFS

#33621B=2.8T

e T, and n_ profiles by YAG Thomson

3

Uilﬁ% F=10
'JJ
-2

s

&

vas

151634,

F=l1
SF

0.6ldlda: B0

.;&-l

b nataTe F] 7

Multiple-pellet injection

TN
T2,

S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003.
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E 3oousﬁ, St 100ms€g&;|beIb|I|ty| i
rfﬂﬂ”-x oo TN mﬂx L
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S,

K. Narihara,
. Yamada
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& T1.b

NIFS

By focusing ECH at the plasma center, 168GHz éz ZGHz
high T, plasma is obtained. '
T, measured with Thomson, ECE
and SX are consistent. I§4GdHZ
» High T, plasma is accompanied with ITB in (lUG%Gaszen (f;e
LHD. Second) ux
Resonan rface
[T rrrrrrrTe UL L Layer
10 | + YAG Thomson- d-B
[ 82.7GHz ntour
3 B Fundamen
i ) Resonanc
— - Layer
> -
6 I ]
éc'i [ R=3.55m 3.90m 84GHz
l_q) 4-_ i
[ + ] Cross check | B=2.9T
[ 1 ECH=1.2MW
2L # ] T_,=10keV
[ , - T,o=2keV
LA ko ey Reliability! | 2o 5x1019m
3.0 3.5 4.0 4.5 1==50ms
R (m)

S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003.

y Thomson, ECE and SX

S. Kubo, K. Narihara, Y. Nagayama, K. Ida
15



€  lon Temperature Diagnostics i)y

NIFS

ArkVil Doppler broadening (1=0.44a, 1.21s) « Central ion temperature is measured by the
o o | crystal spectrometer.
i « Profiles of T, and the electric field are measured
il with CXS.
: T, and fast ion spectra are measured with NPA.
- | T'((O) =7keV { cxsBackground K.lda
Crystal Spectrosco )
( ystal Sp py : (o)
S. Morita
— Grating
Spectrometer
Crystal (50cm, F4)
CCD
FaSt T T T T

Particles . T : 8139%5223
”'NB' NEN v | @13d7 35
. 2

= 'CXS toroidal array
T. Ozaki, ‘TD: [ubH oloidal array .
P. Goncharov, r
3. Lyor , Coaxial \ CXS Signal

Field

Deflector

S. Sudo™Pragnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003. 16




@ Diagnostics of Fast Particles &>

NIFS
. ICRF
 Fast neutral particles escaped from 10° ey
LHD plasma are detected by gt  30s-35s ]
. . . ‘ 3 1 B=2.75T, R 3.6m
—Time Of Flight Neutral Particle §103 e R St S S
Analyzer @
) 2 | Center NDD
—Natural Diamond Detectors S10°F B W B i
licon Diode Neutral Particle g
nalyzer 2oL { TR i
« TOF-NPA is useful for detecting low 3 CiuterNDD i
energy particles. v bt i
° NDD and are Compact and 0 50 100 150 200 250 300 350
are useful for detecting high energy Energy ("evu)

particle. 30| iﬁ M

« NDD measurements reveal that ICH

' fit b
generates fast ions and Decay it by

. ) i ] % 20 classical
confinement of fast ions is classical. << ¢ slowing-down
=
= 10 @

T. Ozaki, P. Goncharov, J. Lyon
N B I

T. Saida, M. Isobe, A.V. Krasilnikov, M. Sasao b v P 0
1.0 12 14 16 1.8

S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003. Time (S) 17




&Electron Density Diagnostics shote11s

NIFS net

e For n, measurement, mm-wave (MMW)
interferometer, FIR laser interferometer, 2-color
CO, laser interferometer and polarimeter have
been developed in LHD. /

284 130GHz
By FIR Laser Interferometer
@ @ MMW Inerferometer
\

% % 'f:_q?" Detector| _ |Phase Detection
Array Circuit

F - 2-Color CO, Laser
é Inerferometer
285 140GHz A [T N (]:wwas LEEH]
’:; m : CO, Laser )
Signal : Phase Detection
Reference S i K. Kawahata, N ;— Circuit
=94 ’ |O,- K. Tanaka, E T
E AOM T. Akiyama T.Tokuzawa | 4 Ref. (1MHz)
oo CO, Laser J : CH;OH Laser
M2 o) (118.8um, 0.6W)

S. Sudo: “Diagnostic N IMBeEps 2003, st. Petersburg, 7/7-11/2003.  FIR Laser Inerferometer



‘* 2-Color (CO, +YAG) Laser Interferometer (OJ

NIFS

e A 2-color (CO,+SH-YAG) laser

interferometer has been installed on the 12 FIR Laser
structure of the FIR laser interferometer 0 Shot33516
in LHD. T
« Even when phase jumps occur in the £ 8 ;
FIR interferometer (cf. H, pellets S 6|
injection), phase jumps never occur in .
. —
the CO, interferometer. z
5 |
Detector Phase Detection 0! MmN, 1
Array Circuit 1.5 2.5
CO Laser
12 ‘ ——
" Shot 33516 H Pellét Injectlon
10 LY ‘
o A= 10 6pm
e 8 - ( ,,,,,,,,,,,,,,,,,,,, HiT ) ,,,,,,,,,,,,,,,
9.0 6 i
‘_i L
= I
CO, Laser J I e E e o \\ St
Pz [
2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
ol ‘ e
) YAG Laser ) 0 0.5 1 1.5 2 2.5

t (sec)
S. Sudo: “Diagnostics on LHD", EPS2003, St. Petersburg, 7/7-11/2003. K. Tanaka, A. Sanin, T. Akiyama, L.N. Vyacheslavov 19



e Impurity Diagnostics

NIFS

9 Normal In. Monochromator (20cm) Impurity species are monitored with many spectrometers.
1 Grazing In. Monochromator (2.2m) Radiation profile is monitored with bolometry.
Impurity transport is investigated with tracer pellet injection.

1 Normal In. Polychromator (20cm

Electron

Multiplier \\ : .
radiation \1"'\"\-"' \\\\

K. Sato,
. (SOXMOS T. Kobuchi

A

J | 1024 ch x 2

MCP
MCP
(Impurity Monitor Station )
S. Morita, M. Goto
¢ N Tracera&
materi
(Bolometer Arrays ) ~100 pmé
Imaging bolometry using (TECPEL&TESPEL)
gold foil & IR camera S. Sudo,
B.J Peterson N. Tamura

S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003. 20



e 2. Imaging Diagnostics i)y

NIFS

* Imaging diagnostics with Soft X-ray, visible spectroscopy, Imaging
bolometer camera, ECE and reflectometer are being developed.

3 Imaging bolometer cameras on LHD
Well suited to steady state operation:
(a) no electrical drift
(b) thermal drift automatically compensated

Advantages for
reactor:

e Imaging provides
hundreds of
channels

* no electrical
feedthroughs

e radiation hard

Gold foil

Thickness: 1um
See Posters H

P- 2160, P-4.67 B. Peterson, N. Ashikawa : - :

S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003. 21



Tomographic Measurement of Static Magnetic @
NIFS Island Using Tangential SX-CCD Camera (=

« Tomography of the static (2,1) magnetic island is obtained from
- the data of a tangential SX-CCD camera.

=
N

_ 1| NBI(Ctr) + ECH
' Fourier-Bessel expansion method R, =35m
e . 08 |l (1,07 _
=1,(1-p)
2(p.0.9)= ) aboJo(25™p)
\ 1 0,040 P
/=0

o
B
T

Rotational transform (iota)
o )
N (e))

< - + (aéll CO_S(ZH — )
S\ 1A +bj 1 SiN(20 - $))J, (45" p)

\[Plasma\\

(m,n)=(2,1) component

Pinhole

CCD

l c Ppinhote 2.5 3.0 35 4.0 4.5
(i,)) Pixel =], e R(m)

Pwall .
S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003. Y. Liang, K. lda
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NIFS

T, (keV)
O 1 2 3 4 5 6
(a) With I TB ECH+NB
0.2
E,
N
-0.2
(b) Without I'TB NBI
0.2
E,
N
-0.2

S. Sudo: “Diagnostics on LI—%"}BPSZOO& St. Petersburg, 7/7-11/2003.

€ 2D T, measurement using X-ray CCD {2

llr.r'
|

=
B
5 ]
:r__.:l
r

By using photon counting with a X-ray
CCD, the 2-D T_ profile can be measured.
Comparison is done for the plasmas with
and without ITB in LHD.

104 T T T T T
®
a
= 3 R=3.518m
é 10° b Lll]:l
= ﬁJI:D
R:3'676m}D
102 ! ! \DI
0 5 10 15 20 25 30
3, Energy (keV)
TS T I
96 l—-lj: g SX-CCLC :_no ITB o SX-CCD:
L | i ]
&1 i 1 F
— e I F R,=35m, ]
21 1 1§ B, =2.864T ]
3.6 3.8 40 4.2 3.6 3.8 40 4.2
R(m) R(m)

Y. Liang, K. Ida
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G‘ Fast SX-TV Camera Observing ‘@}

NIFS m=2 MHD Mode Structure -
LHD E U
Bundled Fiber Fast TV :
Camera 1 wo 0
]*D DC component
I
Be window  Phosphor Image lnmeangsr:‘:ﬁer #2 =
40um Screen Intensifier #1 -
o e e
« SX image is tangentially x 000 B N B 1
measured by fast TV camera ~ .oosp Rax =3.53m .n
(4,500 frames/sec) coupled with 010k :
the image intensifier. - "\MJ\ .
« Singular Value Decomposition = n'm MW - 1
technique is used to extract the 2 MWMW 100 2
) _ . ~0.05F 50
rotating m = 2 structure with o D oscillation (500-1000 .
constructing from three o10—HZ) o
components (U2-U4). . ' 005 -
. a‘:%l.:n.;.? ; fr —r i .
TSR, e 7 ’V v T n, | 0.00 #W ol 9
LA gt . - -f YA, __ ~0.05 - 3 »
= e : ~0.10 . A .
) - - 0.10 oy i,
fa ﬁ g T s o rhli“
fa . 000 IWANMM\WW " -
-0.05 WW “
-0.10 . : 1
216 218 2.20 2.22
Tirme [=]

S

~



3. Electric Field Diagnostics

NIFS
4
T BT T
keV) [
( 3) T %ECH(O 78MW)
i NBl+ ]
21 ECH(0.58MW)
20 ]
1 NBI only ]
R AT N
12 -08 -04 00 04 08 1.2
p
1S ——— R B
kvim)[ g NBI+
- =t ECH(0.78MW)
10 ]
5 (Pf _
0: Y’ NBI+ ]
5”7 ECH(0.58MW)]
NBI only
-5 [ . I . .
005 04 06 08 1 12
p

Radial electric field is a key to understand
a helical plasma and especially ITB, and it
Is measured by CXS.
Radial electric field has a reversed gradient at
the ITB, which is generated by the ECH in LHD.
Clear transition from L to ITB is observed.

The y, is reduced to 1/30 of L-mode after the
ITB transition.

150 ——

In (keVms™)
H
o
o

Q cond+conv e

a1
o

1= 6.5m2/S —> = 3m“s” |
7/ i

T8 plasma

S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003.

dTe/dr (kevm?

tranafion
/7
L -mode .
d ® =015 |
- p:O 4
—H=p=0.8
20 30 40 50

K. lda, K. Narihara

25



e Fast CXS measurement for E,

NIFS

« Fast CXS has been developed to study phase transition of ITB in LHD.
 Time resolution of poloidal rotation velocity was improved from 500ms to 100 ms.
* High throughput spectrometer

— Large diameter camera Lens - F/2.8 (Traditionally F/5.6)

— Back illuminated CCD Camera - Quantum Efficiency 80% (Traditionally 25 %)

Back illuminated 15 #3134,
CcCD Camera | : |
"h .y 2.5
‘a Spectrometer
~ 2.0
Grating 15,
Slit (100um) 21E[|:-.me

1.0

-,
— W
| 7
Optical Fiber I;";”r 00
Bundle 4

Camera Lens
(f400mm, F/2.8)

Time evolution of poloidal rotation
The 6MeV HIBP accelerator operation has velocity and line averaged electron

been officially approved' — HIBP testlng. density.

M. Yoshinuma, K. Ida »g

< U>



% 4. Long Pulse Plasma Operation Bl IRV

NIFS il #
« Long pulse plasma (150 s) is sustained by ICH. s

A=36m B=275T SHOT 36304 el
\

ICH (0.52 MW  Gradual increase of
| Ne, Hy Prag after 100s of - S8
[outgassing from ) o

Wl n~06x10%m3 graphite divertor
F‘ a4 ° _ln,ﬁ o1 1 tiles] due to wall

temperature increase. S SSE=fs

" el = A LR

N 2-10-11 FRI
) 16:42:30 = 5 i

R RN,

(MW
|
i

P
w

.

o= @ hD -4 WNWas MmO M
b ;

i 3 -:'Il.-:'lllﬁ' 'l:l

= =]

. T~T~2keV

L r r: -

T_ (ka)

0. 0.4
= 03| P LER:
= gzl 0z =
o 0.1 p———yg ~ fo1 2

ook = 0.0

RO T - 500
= A0 ! T ——] 400
';: 300 | | 300 E

2 200 | s {200 =
=100 | {100 =
i) T T — = = .= e i
1] 2 40 B BO O 100 13D 140 18D

Time (5}

The basic diagnostics are working
well also for the long pulse operation.

00.0o.oo

S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003. R. Kumazawa, Y. Nakamura 27



&* Observation of recycling effect with SOX-MOS

NIFS

« SOX-MOS spectrometer indicates that Ne and O gas comes out from the
wall and causes radiation collapse. This experiment was done after the

heavy neon glow discharge cleaning.

« The desorption of the gas, which is adsorbed on the walls, occurs in the

late phase of the plasma discharge.

Spectrain 10 - 20 nm region before radiation collapse
16000

NG, 0 N
188~y aug vou N
14000 S 5 © 9N ®™® o : NX <
]9 a= 2T+ 975 3';8
==X XX XX % X = o o
120004 S S ¥ XX §§§ 2> >
’5 1 0O O o [SIND] Lo LCD_O§O —
i 100004 £ £ WL WL jpu OWw - N S
< / 0 X 2
> ] ( / - < Z Z
@ 8000 o = N >
g . > ~ © g
= 6000 - e — o
4000 - |
2000
0

I I I
400 600 800

Pixel Number

I
200 1000

S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003.
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Polarimetry for n, in steady state operation (4% 4

NIFS S

The Faraday rotation angle o Reference - ’

is detected as the phase \

difference between 72 CN1
i & ch2

reference and probing co, 1 oh3

signals, and this system is

: . Laser
free from fringe miscount.

-

Bolar t h : Polarizer {f (va\: Faradgy

olarime r.y Wi - Probe k\_ S Rotation
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€ Magnetics for Steady State Plasma 2/

NIFS
. . Int t

* New-type integrator using three reoreet

operational amplifiers has been Timing | Ch-1

developed for steady state Pulse | Ch-2

operations Ch3d T -

. ' . . -1 1

« The integrator avoids saturation of o

integrated signal linearity of /4L-*’4

thermal drift in short-time -1 1

Integration. = I [ apc Integrated

Multiplexing Signal
One-turn Loop | Saddle Loop Array _
Imia Integrated signals are transferred to
~ VME system with DEC Alpha
Rogowski coil computer.
Data s
_ _ Storage v
£ Diamagnetic Loop l
§ iy _ LABCOM
h; = This system has been Real-time

) ) control
constructed, and itsfunction  yonitor

will be verified soon.

. o, o
ars
g .
i 'l.. .\l. .'. . |
1 "‘-\-LD_._ = B
-.\.- -
"'-\.x : “":r
.
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e Data Acquisition and Storage/Retrieval @)

NIFS

« Basic Data of steady state plasma are displayed in real time.

 Acquired data are increasing and data of 15TB have been stored.

* Big raw data are successfully managed using object oriented data base.
 Analyzed data are served by LINUX servers. 740 MB/shot, 150 shots/day

Real Mac/LINUX Clients Windows Clients 800 ——'oquired Data / Shot
TD-imE; / "T‘ /T" Network la2c | 3c | 4c | 5c J6c |
Ispla 11 '
Lk I_ LINUX Server Name Server (MB){ |
M . 400 !
I
HD - . - - I
= — Object Oriented Data Base (Windows) cConjpresse
T = Memory Sharing 0 i et i
= Analyzed (TB)| Total Stored Data
Data 12
raw data
Windows Server I il Raw Data
R N Optical Fiber Juke-Box 4 |
VET000 |cAmAC/Aurorat4 e
T, ﬂﬂ 20,000 40,000
shot number
LHD

Steady State Plasma Pulse Plasma
H. Nakanishi, M. Emoto
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&r 5. Diagnostics for Edge and Divertor Plasmas .2+

NIFS

 Peak positions of ion saturation

current profile agree well with those =
of field line connection length profile. 2 g
2 Z = =
Helical Diverter F= ‘ j j =
N 8 -1.4 -1.2 -1 -0.8 -0.6 O
— Z (m) c
< Rax=3.9m (#40280) RS
o 3 ax=o. 1
o 10 W[’I*W'N 10 E
. AN t———— ‘ | ; u"" S
150 2 \h . B
[ I P S o SAVEIC 20T 0 1 B TR, 410 [
100 @
a3 O
,,,,,,,,,, 10 9
50

o
O

Fast scanning

probe for 150
Helical -
Diverter

Particle number (cal.)
o

50

Normalized temperature rise

Fast Scanning Probe
| Stroke: 0.6 m, 00102650 40 50 60 70"

| Viean=3 M/s Toroidal angle (° )
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NIFS

. P —
Local measurement of neutral flux using Zeeman effect (@

 Locations of neutral emission are

determined using Zeeman effect, since
the magnetic field is different at different
positions on the same line of sight. It is
also confirmed that the line emission is

localized.

e Emission comes from the divertor surface

Intensity (10”counts)

as confirmed by Ha TV image.

H plasma

Hao
CCD TV
camera

Field
line
tracing

M.Shoji

X point

ﬂu_-ue:nd:)ivert'er Ieg

He plasma

gl Hell 728.1 nm (2'P - 3'8) 1
3 [ — experiment
f @ ==1581T Rt 7
_ 189 T fitting
4 =
2|
728.0 TEE 1 TEB 2

Wavelength (nm) \

E[T}1 52 2531}

302

0.5

Divetter leg

helu::.al ::n:u

2.0

urg, 7/7-11/2003.

3.0 40 50
H"m] M. Goto

@ Local emissivity of Hell line. 5,



& Measurement of edge n, by Lithium Beam Probe ¢ t’

NIFS

30 keV Li beam probe has been

R =3.5m Rp=3.6m

1035__- —T T
107 Lom) developed for the edge n_ profile
10%¢ measurement.

lOOE...l...l...l...l...
« From the beam emission profile, n,
profile is reconstructed.

 Differences in boundary and in n,
gradient have been observed,
suggesting the difference of the

1.2 edge transport between different

06 08 1

Xn(zl)s x 1019m-3 magnetic configurations (R_,=3.5m
T~ 0.6keV and 3.6m).

charge-exchange

position  cel| (oven)  deflection plates
detector

ion
source

lenses

I~

~ _LLi
® 6 DC2
A2 Al
S i T. Morisaki
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». Pulse radar reflectometer for n, '~'-"Reﬂecteq 39GHz
s profile & fluctuation at the edge - -

* Pulsed radar reflectometer is useful
to measure the n_ profile and
fluctuation in the edge region.

33GHz | —
vy | Fir r . |
\ W= Switch [ = s "]
39GHz Fl
Y FIM — T - LT
'-\...___.'._| gy Switch b : _ I'I '! |_~| i
ADGHz i .
CORES] s T E2 2] i A
oyl 7 L <D" Rulsewidth: 2 ns
Ve oo e _n : i Repetition rate: 200kHz
i - Mixar BFF i s :
= (P o e T ] I Resolution: 50ps (7.5mm)
r8Gihe _ Moer SPE, — ol 3
Fra. AMFY, / I:-,N.__I?. — g [ L LHD Experiment Roon 'I
h 51GHz TPre. A P — _
s Malensi Al oy
~ Ao || [F] e amae i LT'_| Yy 1 1 T -m”'ﬁr‘-..ﬂ » ,:Eb | - (33’39’601
Bias- ain = Ly =) » CFD 65 GHz)
T == WAAVSN raH Y A e »{ CFD) IAL
’I [ Bl oA > = CHoC ! F =5 > o IAL heterodyne
Hactangular | ] e AR S o
e — g : | ' 4 e [“ _-'|_:|. |-L |.r_l|r pLIIse radar
_‘_}:Lh.i": ._-'I:':I‘:"‘ | CAMAL SyStem |n
| Ganaratar I::Iu"‘j"‘| | Burara-14 & LHD

— Ve LIdE samirgid cable optical cable T. TOkUZ&W&, A. Ejiri 35



@ 6. Innovative Diagnostics m))
NIFS through international collaboration =~

Tracer-Encapsulated Solid Pellet (TESPEL) Tracer particle

Developed for advanced
particle transport study.
Tracer particles, such as
Li, Ti, can be deposited
locally inside the plasma.

TESPEL injector system

HePoe
\aser

—_—— -

——

Disk with Polystyrene

o | s9pelets
= I|""‘__}1nt_'t——_h-q::navlhml varlacsty (CS H8)n
Fobystyrana
Polystyrene bal (SgHan
X as a lid as an outer shell
- -\.,_I"% I|'
i o T Iﬂ_& \
== —_ _ Photo detectors
for confirmation J\;} 500 - BOA um
of the tracer /f’
/ local deposition Tracer particles

Annular X ions

Domain NEI{HD}

S. Sudo, N. Tamura, D. Kalinina, V. Sergeev, B. Kuteev,
A. Matsubara, I. Viniar, K. Sato, D. Stutman, M. Finkenthal
S. Sudo: “Diagnostics on LHD”, EPS2003, St. Petersburg, 7/7-11/2003.




&‘ Spectra of Light Emissions from TESPEL Ablated Cloud f

NIFS

With Fast CCD + Spectrometer

{\

Interference filter + PM Spectrometer + ICCD Camera

L # 38082
S CCD Frame# i

8 1 F isieivisioiohijiziisirairsiteiiziisl o
2z ! = . ]
% 0.8 3 i § Through 1 E
£ 06 :.Through aTil filte=r ; H 3
= + a Hafilter i ; .
2 04F iog -
I= - \ P ]
2 02F o i il -
o C : e ]

g O Il N M| Il ﬂ. 1 :l Il El |E L ' 1 El Ral I
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Time (s)
n,, T, response to the
TESPEL injection
5 LHD# 38082

R N T L

< E n (FIR) ]

C: E

I—:D 3 :_ _:
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3 . ]
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R X

M | BT BRI B B N Ml

0
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&- IMPURITY TRANSPORT STUDY WITH TESPEL INJECTION

NIFS
— 19 m-3 - 19 m

- Ne_par = 3.9 X 1Ol L . e ,n,e,—b?r. . .1 ?.X 1.9.}”.) Sh"t#27884

1 (a) I:’HA2O I%TH%L# ---%.___T_[_Kaj(He ||ke)§ 12 PHA20 - \[/)(a)o ogan/S/s

0.8 ﬁ{ - E— 4 7 keV % 018 +# -_5(a)0 lonrqng

ﬁ o } M&
5 04 # === D =0.03 m¥s, V(a) = -0.19 m/s %ﬂ % 0.4
& = =D =0.06 m%s, V(a) = -0.76 m/s N ;
% 02 ! 1 . OOI6 / V()I o / 1 ° g 002 i;ﬁl - I T M -Q- ?u*uq J+u.él.§i.qq
c 0 s 1 15 2 2.5 3 35
S T T Somos | S
8 4 Jt Ti XIX ( ; The decay of Ka line for the lower
s ‘t\ (Belike, A =16.959 density is faster than that of the
S , g gm) higher density.

; D = 0.1 m2s,V = 0 mis fit well with
0 15 2 ) '( )25 T T3 tihe experimental results forr Mo, oy
ime (S

These temporal behaviors are analyzed
with a transport code: MIST.
D=0.06 m?/s and the inward convection
velocity of V(a)= 0.8 m/s fit well with the

data for n

e bar

= 3.5x 1019 m-3,

=1.8x%x 10 m=3.

Experimental D is larger than the
neoclassical ones. This
discrepancy is reduced in the
higher density case.
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NIFS

Cold Pulse Propagation

R,=3.6mB_=28T LHD #24353
200F—/————— RARSSS—- T R
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@ Perturbation Experiment by TESPEL w

Owing to the flexibility of the size and
material, TESPEL injection makes
appropriately a sudden drop in the
electron temperature in the plasma

(p 0.5-0.7), the temperature drop (cold
pulse) propagates across the flux
surfaces. The Te(r, t) profile is measured |
every 5 us with the 32ch radiometer
(cross-calibrated with the Michelson
interferometer) covering R = 2.9- 3.5 m.

®Basic Equations

3 0 3
~Ne e:V' e rv e~ =neVwole
2n atéT (n YoV Ol 2n Vio j
The transport equation for the
perturbation is solved numerically and
compared with the experimental data to
obtain heat conduction coefficient X ..

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂEﬂﬂEﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
S. Inagaki 39




&r Transport Analysis in ITB Plasma - Cold Pulse - @}

NIFS

®TESPEL cold pulse technique is used to

analyze the heat transport in the
region.
®Transport changes significantly at the

barrier (p 0.3).

®Reduced ¢y and Heat pinch are observed.

> 0.41 ¢  TESPEL
X ¢ :.0 ' Ablation
.-06L ©® ' %% ®* =—>
£ ° : % o
o ® 1 [ ]
©-0.8L ' i
s T
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g . 5
g 0.005 ey, | |
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Cold pulse propagation in magnetic island X Injection O Injection

' _(a)
NIFS induced by TESPEL b
0
« When TESPEL is injected at X-point, not much oF

direct interference in the magnetic island. The cold ha )
pulse in the core region propagates fast, but inside N ‘“_-

of the magnetic island the cold pulse propagates 5
very slowly. Thus, the low heat conductivity of

%.=0.2m?/s was obtained, while x,=2m?/s in the
core plasma. - i) Eap. i
[ [————— = Sh. RA_=-0445 T 3 =
Reduced y is obtained [ So=~—" 71: =
Inside the Island  &T =' —| 2 :
e Ris the major - B ?
radius and the last i R At 3
closed magnetic = | A b it )
surfaceisatR- = ¢ oss | B 3
Rax =-0.7 m. ﬂ—% o 8,
0 E E I'!__i:
« The ECE receiving i e I =
antenna is tz-._..,__’&___o 20m3s | % 7
mounted in the o 0585 G
inboard side of “‘-u--li"_hl.
LHD. 001 0 001 002 003 004 ¥
Bt () S. Inagaki, N. Tamura bt =i
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&r TECPEL (Tracer-encapsulated Cryogenic Pellet) @

NIFS
1
% 1 Carbon
Oriving System 230 umd
it A ' asatracer
Ll = ull
= a4
é' —
s aT o
SIP &l
4 t RINE
Gas He [— @
o s | e S
: 1 1 )= = D‘EGI!
m e Hiaw (e e
Lig. He A (Al - D, Gas

Inlest = [
Elmctrical

SensarV () (2 (3 :
LSS5 o Solid Hydrogen

Patents: S. Sudo (1996) in:

mm
Japanese Patent No. 2113888 £ ¢
USA Patent No. 54887094 S. Sudo, “ Tracer-encapsulated cryogenic pellet
EPC Patent No. 647087 production for particletransport diagnostics,”

Review of Scientific Instruments, Vol. 68 No. 7 (1997 2
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Real-Time TECPEL Production Process ¢

-,

—
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\

NIFS

TECPEL: Tracer-encapsulated Cryogenic Pellet

Dia.
3mm

T=8K Solid H, SUS Ball 200umd¢
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NIFS

TECPEL in Flight

successfully ejected!
- Solid Hydrogen

Tracer (SUS)

Tmm V=960 m/s

f

o

With gas gun utilizing high
pressure helium gas ( 30 atm.),
TECPEL is ejected, and the
photo of TECPEL in flight is
taken. This shows also the
remaining Tracer.

P, kPa
Liquid

2

1

1 Solid Gas

5 _-5 1

T\/
O;._r ‘ 3 ‘ , ‘
8 10 12 14 16 18
T, K
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NIFS

¢

¢

Standard diagnostics for fundamental plasma parameters
(T1, Te, ne) and for plasma physics areroutinely utilized for
daily operation and physics studiesin LHD with high
reliability and flexibility.

Diagnosticsfor steady state plasma are developed including
a data acquisition system for handling lar ge amount of data.

2-D or 3-D diagnostics are intensively developed:

+ Tomography (Tangential SX CCD, Bolometer)
+ Imaging (Bolometer, ECE, Reflectometer)

Diagnosticsfor edge physics, needed for steady state
operation, aredeveloped and installed in LHD.

Advanced diagnostics ar e also being developed in LHD
through domestic and inter national collaborations.

New proposals for collaboration at LHD are welcome!
45
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