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Introduction

Background
v' Temporal measurements of plasma density and temperature profiles provide
crucial information on the physics of transition phenomena, such as L-H

transition.
v"In Heliotron J, spontaneous transition phenomena to an improved confinement

mode, which is similar to the H-mode, have been observed experimentally.

Purposes
v To measure the time evolution of electron density (n,) and temperature (T,)

profiles in Heliotron J.
v' To investigate the structure of plasma profiles in confined improvement modes.

A Nd:YAG Thomson scattering system with high time/spatial
resolution has been developed in Heliotron J



Overview of

the Nd:YAG Thomson scattering
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| Large concave mirror He:Ne Laser
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MSpatial Resolution :~1cm
B Measurement Point - 25
PerfOrma nce ETime Interval : 10 us~ 10 ms
(1 ShOt) EmRange of T, : 10eV - 10 keV

mRange of n, >0.5x10¥° m3



v’ The scattered light is E 00 | | | EEEnsl e
collected with a large  § e ==
concave mirror. * ol = /
D =820 mm 5 ool L Laser Path~ | . .
f — 1.25 -500 0 500 1000 1500 2000 2500 3000

Distance from Plasma Center [mm]

solid angle: ~45-55 msr
aberration: 0.7-1.5 mm

v’ The structure of fiber
bundles is optimized to
reduce loss on a coupling
between the fiber and the
scattered light from the
collected mirror.




Polychromator

Focusing Lens o
Interference Filter Collimation Lense

Scattering Light | Optical Fiber

Relay Lens
: e

g APD \ ¢ 2
hj Preamp © §; | 25 Polychromators on Rack
Scattered lights are detected by 25x6c¢ch. interference polychromators
which have cascaded structure.
5 channels
for the scattering light measurement and
1 channel

for the density calibration by the Rayleigh scattering method.
Avalanche photo diode (APD): Hamamatsu Photonics S8890-30



Temperature compensator of APD
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we measured Thomson scattering signals for the plasma n_~ 0.5x10!° m3

APD output [a.u.]

S/N ratio ~ 50

Scattered Light (AC)
— W Plasma

— w/0 Plasm3|

A Laser Power

| | | | | |
100 200 300 400 500 600

Time [nsec]

0 700

v Though the laser is injected into the vacuum vessel,
no remarkable changes are observed.
—->The system successfully suppresses a stray light.



First Observation of Internal
Transport Barrier in Heliotro!




Introduction: First observation of electre

internal transport barrier in Heliotre

v’ Peaked electron temperature profiles have been observed with
on-axis ECH in Heliotron J.

v’ Peaked profiles have been observed in relation to electron ITB
in many helical devices, through Core Electron-Root
Confinement (CERC), where radial electric field shear reduces
the transport in the core region [1].

v’ Heliotron J is suitable for the study of ITB characteristics
against flexible magnetic configuration.

[1] M. Yokoyama et al., Nucl. Fusion 47 (2007) 1213



Heliotron J device

Vacuum Vessel
Inner Vertical Coll

Auxiliary Vertical Coill

B Major Radius :R=12m
B Plasma Minor Radius : a =0.1-0.2 m

M Magnetic Field :B<15T
B Vacuum iota :0.3-0.8

Observation

Wirdow with low magnetic shear, (Ai/L < 0.04)

M Coil System
One helical coil (I/m=1/4)
Two sets of toroidal coils (TA and TB)
Three pairs of vertical field coils
(main V, AV, IV)

B Heating System
ECH 70 GHz 0.4 MW
NBI 30 kV 0.7 MW x 2 (Co & Ctr.)



Experimental set-up of density ramp-up

control plasma with center-focused

Electron Cyclotron Heating
B Located on the magnetic axis
M |njection Power: 330 kW
B Absorption Power: ~90%
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Electron density is controlled to increase
from 0.5x10°m3 to 1.2x10%°m?"3
with constant power of ECH

Power Absorption Density
of ECH (X-mode)
calculated by TRAVIS
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Profile changes of density ramp-up

control plasma with center-focused
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Formation of electron ITB

with center-focused ECH

Electron Cyclotron Heating

B Located on the magnetic axis
B Injection Power: 330 kW 5
B Absorption Power: ~90%
HJ56128 ;
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In the density scan experiment, =
. @)
the peaked electron temperature profiles are -
observed with center focused ECH 'EJ

during the period of lower density.




Density dependence of ITB formatic

Core T, vs. line average density T, gradient vs. line average density
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When the electron density becomes less than ~1.2 x 10*° m3,
v’ Electron temperature of plasma center increases
v’ The steep gradient is formed in the core region



Formation of internal transport barrier

ITB) with center-focused ECH

Electron Cyclotron Heating 2.0 —— o
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In the ECH power scan experiment,

the peaked electron temperature profiles are
observed with center focused ECH

during the period of higher ECH power.
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. - ; ® 240kW
v’ Quantitative comparison of sk o 175KW |
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Summary

Development of a Nd:YAG Thomson scattering system

To reveal the mechanism of transition phenomena, a high time resolution Nd:YAG Thomson

scattering system is developed

» Spatial Resolution: 1 cm (25 points), Range of n,: >0.5x10° m3, Range of T_: 10 eV — 10 keV,
which are adequate to clarify the structure of transport barriers in Heliotron J

B Polychromator
v' The APDs provided with temperature compensation circuits enable to detect the

scattering light at a constant sensitivity independently of their own temperature

| Beam Dumper
4 Carbon beam dumper, which has conical hole structure, attenuates the laser beam

B Imaging Optical System
v" The large concave mirror (D = 820 mm, f/1.25) collects the scattered light on the optical fiber
bundle in stair case form

First Observation of ITB on Heliotron J
v'  Peaked electron temperature profiles have been observed with on-axis electron
cyclotron heating (ECH) in Heliotron J
v' Reduction of effective thermal diffusivity is confirmed associated with ITB formation in
the core region



Future Plan

v’ Measurement of E. with CXRS

v’ Comparison with the thermal diffusivity of the
neoclassical transport calculation

v’ Investigation of magnetic configuration
dependence on ITB formation



