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ABSTRACT It has been shown
analytically and experimentally tLhat
the plasma heating rate during electron
cyclotron heating is a function of the
resonant volume formed by the mirror
magnetic field. The target plasma has
been produced by radio frequency at the
electron cyclotron rescnance and the
degree of ionization obtained |is
smaller than 1%. The experiment has
been carried out on the linear mirror
machine LISA of Universidade Federal
Flumi nense.

1. INTRODUCTIOCN

LISA is a linear magnetic mirror
machine designed and constructed at the
Max-Planck Institut flr Plasmaphysik
CGarching, Germany). The assembly has
been made at the Universidade Federal
Fluminense CNiteroci, RJY [(1). The
dimensions of LISA are shown in Figure
i
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It has been shown by Galvao and
Aihara [2)] and later by Rapozo et
al.[3] that during the electron
cyclotron heating the plasma potential
drops. Furthermore, we here obtain the
heating efficiency as a function of the
resonant vol ume and collisional
process.

2. THE EXPERIMENT

The experiment was carried out on
LISA [4]. The magnetic field along the
axis is not uniform since the waveguide
port takes up the space of one magnetic
coil and consequently a minimum is
formed at this location. We make use of
this peculiar feature Lo have a local
mirror confined plasma and operate with
seven disconnected coils next to the
waveguide port to get a larger mirror
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Figure 1 - Dimensions of Lhe linear

rate and a better confinement and
operate also with four disconnected
coils to get a small mirror rate. For
diagnostics, we use a plane movable
Langmuir probe and a diamagnetic coil
Lo measure the plasma density,
temperature and pressure, and a Hall
probe to measure the equilibrium
magnetic field distribution.
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arrangement plus Lhe axial distribuiion of Lhe equilibrium magneiic field.

3. EXPERIMENTAL RESULTS AND ANALYSIS

Experimental results of plasma
pressure, density and temperature are
presented in Figure 2. The three
components of the wave's electric field
for large mirror rate rescnance and
small mirror rate resonance, measured
with floating double probes are shown
in Figure 3. The qualitative behaviour
power profile versus radius is shown in
Figure 4.
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The steady state temperature Te of

the plasma is delermined by Lhe energy
balance between Lhe gain and loss terms
in the energy equation given by
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pressure (a), densily (b, and

resonant wvolume.

The RF heating form is [1]
1 2 1 - SR
¢J.Ed 2 a;'ga.l e D'IIIEIII 2

4 + 4 W
na‘LWJ‘ ncrl "1

RF

2

where Lhe faclor
time average of l
density of the RF electric field.

If we integrate Eq.{1) over the
plasma volume, the z dependence of the
magnetic fields leads to a singular
contribution of aJ_w¢ in the resonant

= W

neighbourhood of Cpp cec Bo) .
is the cylindrical axis of LISA.

1.2 comes from the
W is the energy

where z
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Thus, Egq.C1) leads us to

vp_ + V.9 (3>}

where = is the rescnant heating rate
[S5,B8] given by

c
v “ppC 4

and ¢ and v, are light and Alfven speed
at Bu and G is a dimensionless quantity
weighted over plasma density [6].

The expression derivated for the

parameter G made by Rapozo et al. (1]
is
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If we consider the experimental
value B = 1160 Gauss - in both
max
situations - , Bmin = 400 Gauss for the

small resocnant volume, and an = 200

Gauss for the large resonant volume, we

- obtain the parameter G equal to 1.2 and

0.88, respectively.
From the confinement tLime given
by Siwvukhin [7] for the single mirror

machine, we find T = 1.3 x 107" for
con

the =mall resocnant volume and e
2.5 x 10™®s for the large resonant
vol ume
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Figure = - Radial disiribuiion of the
resonant wvolume, © - small resonanl wvolume.

vave's electric fleld. A - large
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Figure 4 = Qualitative behaviour of the power profile versus radius.
A - large resonant volume, © - small rescnant velume.
The Eq. (4> shows that b is

proportional to G, this implies that
Lhe heating rate for small rescnant
volume is slightly bigger than that of
the large resonant wvolume, but the
confinement time for large resonant
vol ume C1'1) is not far from twice tLhe

volume (1.0,

small 2

which shows a good agreement with the
measured experimental data (Figure 2cd
for the total average electron
temperature for large rescnant volume
€40 eVD (solid lined) and small resocnant
volume (30 eVo(dashed lined.

one for resonant

The temperature dependence given
by Rapozeo et al. (1] is

2 w. W
T27% = [‘—-] L e
» YAl Dp
Pe
where 'rec eVD and v and ﬁe are

normalized to 1 eV. Using the Table 1
we obtain <Te> = 26 eV and 47 eV for

the small and large resonant volume,
respectively, showing a good agreement
with the measured average.

large resonant volume

small resonant wvolume

n, Cem ™) fow 10" 3 ™

<E> C(Vr/emd 0.82 " 0.63 &

CVa) Cemrsd 0.7 3 10 1.0 x 10

<> Cergrem™d 22 x 107° 13 x 10~

G - Q.85 a ;U )

Opr (s D plgrgis e S o 1.54 x 10
pes™ 1.67 x 10°_ 1.67 x 10°,

P, Cergrscm ) 8.60 x 10 8.60 x 10

Table I - Relevanit paramelers for large and small resenanl wvolumes.

2
To Wpp > Baw & Y= ven/& From

4. COLLISIONAL PLASMA HEATING PROCESS
USING THE MAGNETIC FIELD MODULATION

Now it can be useful to compare
our experimental results with those of
Berger and Barter [B]. To do that we
consider the expression given by Berger
et al. [8]

e2n 2
dw = eanF'
dt B2 z

T Yo S

W= W [Grgn]
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Eq.C(4) we have r,4 6 x 10%¢s™> and
P 258 50 10°Ca 3 te the
heating for the large rescnant volume
and for the small resonant volume,
respectively.

Substituting the wvalue of the
resonant heating rate in the expression
given by Berger we find the modulation
factor which is given by €, = 10 and £,
i i ?_-1
= 8.0, for v =5 x 10's —_—
= 4.3 x 10°s™.

resocnant

il and v
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Therefore, it can be shown that in
order to obtain, using LISA data, the
same electron-cyclotron heating
efficiency than using collisional
magnetic, pumping it is necessary to
have approximately AB = 10 kG, for a
large resonant veolume and AB = 8.0 kG
for a small resconant volume.

5. CONCLUSIONS

We have shown that the region of
large resonant volume is more efficient
te absorb energy than the small one,
via the calculation of the confinement
time. Finally, we have been able to
show Lhe consistency between Barter's
work and our own experimental results
for collisionsl plasma heating due to
the magnetic field modulation.
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