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Observation of Mode Conversion of m —1 Fast Waves on the Alfven Resonance Layer
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Faculty of Liberal Arts, Shizuoka University, 836 Ohya, Shizuoka 422, Japan
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Fast waves or MHD surface waves with rn —l (poloidal mode number of left-hand rotation) have

been observed to undergo mode conversion on the Alfven resonance layer. The converted waves are a
quasielectrostatic form of the shear Alfven waves, i.e., kinetic Alfven wave and/or resistive mode.

PACS numbers: 52.40.Db, 52.30.Jb
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FIG. 1. Cross section of a loop antenna located near the
wall.

Recently, the first radial eigenmode of m —
1 fast

waves (compressional Alfven waves) has been found to
behave like a MHD surface wave at frequencies below

ta„, its dispersion relation merging with that of the shear
Alfven wave (SAW) at the position of the tnaximum

plasma density when a limiting axial wave number kf
and a limiting frequency co (&at„) are reached. '

The surface-wave properties of this mode were experi-
mentally demonstrated using a helical antenna. 5 This
fast wave is of particular interest for Alfven-wave heat-
ing as it is expected to undergo mode conversion to
the SAW near the position of the maximum plasma den-

sity in an inhomogeneous density profile. ' It should be
noted that the SAW excited by mode conversion has a
very short wavelength in a direction perpendicular to the
ambient magnetic field. In a cylindrical plasma with an
axial magnetic field Bo, the dominant magnetic field and
current components for the SAW are Be and j„suggest-
ing that the SAW can be found from the observation of
Be using a magnetic probe. In a resistive plasma (v„
& at), it experiences strong damping and its energy is

deposited around the Alfven resonance position ro, so
this mode is called the resistive mode. In a warm plasma
but under the condition ro&ktv, (v, is the electron
thermal speed), electron inertia becomes important, and
the SAW, which in this case is often called the surface
electrostatic wave, usually propagates into the lower-
density side. In a hot plasma (ro & k~~v, ), electron pres-
sure dominates and the quasielectrostatic wave (QEW)
propagates away from ro to the higher-density side; it is
then generally called the kinetic Alfven wave' (KAW)
and it is of importance for the Alfven-wave heating of

the central plasma. The KAW has recently been ob-
served in low-frequency heating experiments in the TCA
tokamak. "

In this Letter, we report the use of small magnetic
probes to demonstrate mode conversion of the m —

1

fast wave into SAW's in an inhomogeneous plasma. The
experiment was conducted in the linear device TPH (15
cm diam) of Shizuoka University with a maximum den-

sity of 4X102 m of a singly charged helium plasma
and an electron temperature T, -5 eV at the center of
the plasma column. The axial magnetic field Bo 0.30 T
gives an ion cyclotron frequency f„1.14 MHz. In pre-
vious papers, ' ' we confirmed the Alfven resonance in

an inhomogeneous plasma density beneath a ladder-type
Stix coil, which was used to launch axisymmetric
(m 0) waves of fixed wave number. In this experi-
ment, however, we used a pair of small-loop antennas
(Fig. 1) with currents in the r-8 plane and with a spac-
ing of 20 cm along the magnetic field Bp. They are lo-
cated at the edge of the plasma column. The com-
ponents of the magnetic field excited directly by the an-
tennas are essentially 8, and 8,.

The two currents that were fed into the two loop an-
tennas were chosen to be in phase, so that a standinglike
wave of one wavelength was created in the plasma,
whose peak axial wave number kt at r 2 cm was es-
timated to be -0.25 cm ' from the maximum-entropy
method. s The m —

1 mode of the fast wave was suc-
cessfully selected in the plasma from the modes ~m ~

0, 1,2, . . . by fixing both wave number and frequency;
the m -0 fast wave suffers a cutoff in this range of fre-
quency below to„, and other modes, except m- —1,
have smaller axial wave numbers or much smaller ampli-
tudes for a given frequency. Figure 2 shows such a
selected excitation of the m = —

1 mode of frequency
-650 kHz when a wave packet with a peak frequency of
300 kHz was launched; we should note that the magnetic
field of 300 kHz oscillates simply like a dipole field excit-
ed in a vacuum by the loop antennas. The m = —

1 mode
of f=650 kHz and kt=0.25 cm ' can be confirmed
from a previous experimental result ' to be the m = —

1

fast wave, whose axial phase velocity equals that of the
SAW at r 2-3 cm.

Some broadband frequency spectra for the wave field
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8, are given in Fig. 3(a) for six radii. It is obvious from
this figure that the power of the field 8, in the m —

1

fast-wave range of frequency 550-700 kHz is rather
strongly absorbed at r(4 cm wh'l th

'
e, w i e t e power in the

cutoff range of frequency -300 kHz in the plasma
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FIG. 4. Forormation of Be standing waves at r 2 cm.
Raw data, (b) main c

s a r cm. a
main component corresponding to the mode-

converted wave, and (c) cutoF component.

remains as it is in a vacuum. On the th h d,n eo er an, Fig.
s ows the power spectra of the Bs component in the

br
plasma which are mainly excited t 2-4

road frequency spectrum. Figure 4 shows the observa-
tion of standing waves of Bs excited at r 2 cm, decom-
posed into two parts using a digital filter, i.e. the r

(cutoff) mode at f-300 kHz. One should note that al-
t ou h the
field the f

g the Bs component is not contained i th
'

e in e vacuum

tude is e
e fast waves have a Be component hw ose ampi-

u e is equal to that of 8, in the plasma. T
' t'f ha. o justi y the

&8 near
m e-conversion observation we need t h

, near the Alfven resonance layer, in addition to the
Bs profile being localized as shown in Fig. 3(b). Figure 5
shows the polanzation for the higher-frequency com-
ponent f-650 kHz in the cross section on the mid lane
indicatin 8 =28'

g s—,across the radius. It is then conclud-
ed that AW'AW s are mode converted from fast waves on
the Alfven resonance layer.

In this ex riment vne
' v„»cu, so the mode-converted

wave is classified either as a KA W or as a resistive
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FIG. 3. (a) Aut-) Auto-power density spectrum of 8- launched
from a pair of loop antennas with (s 1 d 1 )

as e ine plasmas. (b)p . (b) Auto-power density spectrum of 88
mode converted from the m —
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FIG. 5. Vector dior diagrams of transverse magnetic field for the
component shown in Fig. 4(b) for the fi 17

an e and elliptical polarization across the radius.
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Alfven wave depending on whether (v, kt) or rov„ is

larger. ' Our experimental conditions give the following
relation near the plasma center:

(tv„)' /k((U, 42T, 8' [(I —0 )/0)' ~ 1 3

where 0 ru/ro„, T, is in eV, and Bn is in T. It may
therefore be expected that the mode-converted SAW's
experience heavy resistive damping while propagating
towards the high-density plasma. The observed half-
width -3 cm of Be in the radial direction from Fig. 3(b)
is roughly in good agreement with the estimation for a
collisional plasma obtained from Eq. (18) of Ref. 14. It
is also confirmed from Fig. 5 that the polarization of the
mode-converted wave is left handed over the entire ra-
dius; this is again in agreement with the calculation. '

The cutoff mode was, however, almost linearly polarized
because of the large 8, component and the negligibly
small Be component in the plasmas. Furthermore, Fig. 5

suggests the formation of an eigenmode (standing wave)
of QEW's inside the Alfven resonance layer in a cylindri-
cal column, as pointed out in Ref. 4.

Consequently, we have observed Bn converted from
the rn —1 fast wave on the Alfven resonance layer.
This component is considered as the QEW, i.e., the ki-

netic Alfven wave and/or the resistive mode. Further de-
tails of the experiments will be described elsewhere.

I would like to acknowledge stimulating and helpful

discussions with Dr. I. J. Donnelly and Dr. K. Saeki.
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