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Non-inductive Production of Extremely Overdense ST Plasma
by EBW Excited via O-X-B Method in LATE

Extremely overdense ST plasmas are produced non-inductively with EBW

excited by O-X-B mode conversion when EBW is excited in the 1st

propagation band (between wce and 2wce layers). Density reaches ~ 6 times

the cutoff density for 5 GHz microwave.

CS-less Ip Start-up by ECW/EBW EX/P4-45 H. Tanaka, et al.
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5GHz Microwave 2.45GHz Microwave 

Density and soft X-ray emission increases when the 2wce layer is located on

the outboard side of the upper hybrid resonance (UHR) layer, i.e., when

EBW is excited in the 1st propagation band. Such Bt dependence is

observed at two different microwave frequencies.
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1-D Kinetic Full-Wave Analysis of 
O-X-B Mode Conversion by TASK/W1

Perpendicular wave number 

vs. major radius

Wave structure 

vs. major radius

Antenna loading resistance vs k//

Peak 

corresponds to 

the optimum 

injection angle

Integral-operator form of 

dielectric tensor to describe 

finite Larmor radius effects

Parameters of LATE 

B = 0.08 T, ne0 = 1017 m-3

f = 2.45 GHz

k// = 32 m-1

Fukuyama, et al.
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EFIT
0.4 s

Microwave power was injected at two frequencies (8.2 

GHz and 28 GHz) simultaneously for fully non-inductive Ip
start-up and sustainment in QUEST. 

Gas puff timings are indicated with dP increments

(t = tg1, tg2, tg3 and tg4).

Haintensity increased at gas puff timings.  Density

sometimes increased spontaneously without gas puff. 

Spontaneous density jumps (SDJs) were observed  twice 

( t = t SDJ1 and tSDJ2 ) in this discharge, and the density 

exceeded the cutoff density for 8.2 GHz.

Equilibrium electron pressure 

profile was bell-shaped. 

Flux surfaces are densely spaced 

on the low-field side.

Overdense 25 kA plasma with 

central high energy electron 

pressure was built up non-

inductively and sustained for 0.4 s.

EX/P4-50 H. Idei, et al.Non-inductive ECH/CD with Waves at Two 

Frequencies (8.2 GHz / 28 GHz) in QUEST
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bulk

electron

High bulk Te was observed near 2wce layer for 28 GHz, while a 

local Te peak was observed near wce layer for 8.2 GHz only 

before the 1st SDJ at t=1.75 s. 

Measured bulk pressure Pe profile was hollow, resulting from the 

off-axis heating at the 2wce layer and radiation cooling after 

SDJs. 

Current density profile and equilibrium pressure profile (EFIT) 

are centrally peaked. 

Hard X-ray emission at

high energies (>200 keV) 

was observed  from the 

central overdense region, 

while bulk Pe was larger on 

the high-field side off-axis 

region near the 2wce layer 

for 28 GHz. 

Bulk Te and Pe increased in the overdense region where there 

are Doppler-shifted wce resonance layers for large N// . 

There were abundant 

energetic electrons in the 

central overdense region.

tangential view with inboard side

without inboard side
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Full Wave  

Simulation

Kirchhoff integral code was used for mirror design.

Mirror performance at 28 GHz was checked by 3-D full-wave simulation. 

Sharply focused beam with small beam size (0.052 m) was obtained.

The 2nd focusing mirror can steer the beam in the toroidal direction.

Focused beam 

measured 

at low power  

Non-inductive Ip of 70 kA was 

achieved using the new launcher.

Polarization

control for

2nd ECH/CD

Local ECH/CD Non-inductive Ip Start-up in QUEST

28 GHz

140 kW
N// = 0.78


