
The eigenmode formations of ICRF waves 
in the central cell of GAMMA10

ICRF SOURCES
Three ion cyclotron range of frequency(ICRF) sources (RF1,RF2, and RF3) are used in the 
experiments. Two types of ICRF antennas are located at near both ends of  the central cell.

East Anchor Cell West Anchor CellCentral Cell

Anchor
midplane

Mirror 
throat

RF1
(9.9MHz)
TypeⅢ

RF1
(10.3MHz)
TypeⅢ

RF2
(6.36MHz)
DHT

RF3
(41.5MHz)
DHT

Z  [ m ]

M
ag

ne
tic

 F
ie

ld
  [

 T
 ]

0

1

2

-6 -4 -2 0 2 4 6

Nagoya Type Ⅲ Antennas

Double Half-Turn Antennas

HHFW

 EAST RF1(9.9HMz)
WEST RF1(10.3HMz)

WEST RF3(41.5MHz)

Plasma production
in Central 
             & 
ICRH in Anchor

ICRH in Central

High density
plasma production
in Central

 EAST RF2(6.36MHz)

  The production of high density plasmas (>1019m-3) is required in the present 
tandem mirror experiments. 

PREVIOUS
Plasma production with

Density saturation

PRESENT

fundamental ICRF

High Harmonic Fast Wave
+ The density increases again.

The plasma production depends on the wave excitation in the plasma.
Eigenmodes are strongly excited when the boundary conditions in the 
axial and radial directions are satisfied. The formation of eigenmodes 
is investigated in both cases of HHFW and waves with near the 
fundamental ion-cyclotron frequency.

INTRODUCTION

fundamental ICRF

Change of the radial structure of wave electric fields 
accompanied with the new modes appearance 

r r r

Each eigenmode has  different radial structure of electro-magnetic fields.
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Measurements with magnetic probes.

Magnetic Probe
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DENSITY(1018m-3 )

The result of the measurement.

RF1 +RF3

  The power of excited 
waves was measured with 
the magneric probe for the 
frequency 9.9MHz(RF1). 
The power of excited 
waves was also estimated 
from the calculation at the 
several radial locations. In 
the figure, measured 
values (red points) are 
plotted with the calculation 
(solid lines).

Results of caluculations

RF3(HHFW)
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  In the case of HHFW, 
several eigenmodes can 
be excited simultaneously 
in the large density range. 
As the density increases, 
a new eigenmode with 
higer radial mode number 
appears and its amplitude 
becomes larger. 

RF1 (fundamental ICRF)

SUMMARY

 

Future works
Improvement for the boundary conditions of the central cell end. 
Optimization for the high density plasma production by HHFW.

The formation of eigenmodes in ICRF waves is investigated in the GAMMA10 
central cell by using the two-dimensional wave calculation code.

RF3 (HHFW)
HHFW can excite several radial eigenmodes simultaneously in the 
wide density range. As the density increases, the eigenmode with 
the higher radial mode number is excited strongly. It is suggested 
that the radial mode transition is essential for the density increase.

Only one radial eigenmode can be formed in the present density 
range. The density has been clamped at the point where the wave 
is strongly excited.
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The density clamping when RF1(Fundamental ICRF) is used,
and the release of the density clamping by RF3(HHFW)

RF1 ONLY

RF1(fixed : 180kW) + RF3

  In the previous experiments, 
the density saturation had 
been observed with RF1.

The density saturation has 
been released due to the 
superposition of RF3 to the 
RF1 produced plasma.

2-D calculation for the wave propagation 
in inhomogeneous and axisymmetric plasmas 

・The Maxwell equation for the vector and scalar potential is solved by FEM.
・The dielectric tensor is cold plasma approximation including the collision. 
・The wave fields are calculated on the bounded, inhomogeneous, and 
　axisymmetric plasmas in the mirror magnetic fields.

Maxwell equation for the potential (coulomb gauge ：∇・A=0)　
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(With Prof. A.FUKUYAMA in Kyoto Univ)

The formation of eigenmodes in ICRF waves is investigated in the GAMMA10 
central cell by using the two-dimensional wave calculation code.

The example of input parameters

Contour lines of the
electron (ion) density.  

Magnetic field intensity
at axial direction

The experimental conditions in the GAMMA10 central cell are used in this 
calcuration. 

Electron (ion) density 
profile at radial direction

Contour lines of the
magnetic field.
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Results of caluculations
The wave dispersion relation was calculated in the GAMMA10 central cell.
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  Only one eigenmode can 
be excited in this frequency 
resion. The power of the 
waves depends on the  
axial boundary conditions. 
The density will be clamped 
at the points where the 
wave is strongly excited.

De
ns

ity
 cl

am
pin

g

0

0.01

0.02

0.03

0.04

0.05

0

3 10
6

6 10
6

9 10
6

1.2 10
7

1.5 10
7

1.8 10
7

0 0.5 1 1.5 2 2.5 3 3.5

T
he

 p
ow

er
 o

f w
av

e 
m

ag
ne

tic
 fi

el
d 

(a
rb

.)
 [W

av
e 

an
al

ys
is

]

Mirror throat

RF1
Antenna

RF3
Antenna

Z  [ m ]

M
ag

ne
tic

 F
ie

ld
  [

 T
 ]

0

1

2

0 21 3

2.5

1.5

0.5

 The power of the waves 
excited by RF1(9.9MHz)  
was measured using the 
magnetic probes located in 
the central cell. 
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1)

1)

GAMMA10におけるICRF波動の固有モード形成

Wave analysis (line)
Br at r=20cm
m=1, FAST WAVE
F=9.9MHz
ELM Z=24mm
ELM R=10, 20mm
Density profile
R direction  > ∝exp(-1.0R3)
Z direction  > ∝{0.52exp(-5Z7)+0.48}

Measurement with MP (points)
F=9.9MHz
MP : Z1(Z=112cm)
Time : 50-90msec
normalized by RF input power

Power of electric 
field (arb.)

Power of electric 
field (arb.)


