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INTRODUCTION

,°

During the period from November 1988 through April 1989

the experimental plasma physics program at UCLA produced

several new results. The experiments were conducted on the
I

toroidal RACETRACK device (Fig.l), Generation of a steady-
2

state high-beta field-reversed configuration in one of the

straight sections by the rotating electromagnetic wave
3

technique (Fig.2) is now routine and because of

understanding gained in the course of experiments we

succeeded in extending the range of operation.

The high beta field-reversed equilibrium generated by

rotating magnetic fields can be described by the same two-

fluid formalism as the earlier investigated high-beta mirror

configuration, the electron and ion fluids both behaving as

rigid rotors. We have verified explicitly the pressure

balance relation by independent pressure and magnetic field
4

measurements even for this field reversed-configuration.

We have started experiments to extrapolate to higher

field, better confined collisionless plasmas by studying
5

field penetration and power deposition by the rotating

magnetic fields. Interestingly, the right-hand rotating

component - the one rotating in the electron diamagnetic

sense - fully penetrates the plasma while the left-hand

rotating component is excluded but provides for most of the

power input through the induced screening currents.

Studies of the equilibrium have been extended to

spatial and temporal decay of the confining diamagnetic

current, lt has been observed, that the current decays on

the resistive time scale due to electron-ion coulomb

collisions. The plasma extends axially only to the end of

the RF antenna, the spatial decay is related to the momentum

input by the RF field and the momentum loss due to

collisions and direct particle loss but since the angular
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velocity itself does not decay on the same scale collective
6

effects must be ag play

Toroidal cur.rent injection by a low-energy, high-

,current electron beam, similar to the DC helicity injection
7

experiment by Ono et al , has been conducted in order to

study the effects of mirror fields on toroidal currents and

to reduce the neutral gas pressure for a given plasma

density in the rotating field experiments. The design value

of injected beam current has been achieved, and studies of

mirror field and scattering effects has been initiated 8

REVERSED FIELD CONFIGURATION

We can routinely generate reversed-field configurations

in a straight-section of RACETRACK (Fig.3). This

configuration is stable, steady-state, and conforms to the

theoretical model based on rigid electron and ion fluid

rotation. By using a strong electron beam preionization

technique the configuration can now be generated at reduced
-5 -4

neutral gas pressures (5 x 10 torr A or 10 torr H2), and

consequently at higher axial magnetic fields (up to 25 GI.

The better RF power utilization at low pressures allows the

higher total current generation (up to 2.5 kA).

Representative profiles of magnetic field, diamagnetic

(poloidal) current density, and electron density as a

function of radius are presented in Fig.4. About 40 % field

reversal on axis is achieved. The electron temperature

profile is flat, independent of the radius Jn zero order

(Fig. 5), but there is a slight tendency to adiabaticity,

that is, the temperature has a weak peak at the density

minimum and a slight minimum at the density peak. Using the

isothermal approxJmatlon is, however, adequate for the

equilibrium fit.
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FIELD PENETRATION

In Rotatlng..magnetic field driven configurations a key

question is the efficiency of the current drive, the amount

of power needed to drive a given total current. In order to

gain better uzJderstanding of the current drive process and

the scaling relations which allow predictions of operating

parameters for high temperature collisionless plasmas,

details of power deposition and field penetration were

measured on Racetrack.

When the RF power and thus the rotating field amplitude

is above the electron magnetization threshold (2 G),

complete field penetration of the right-hand component takes

place. This can be seen from Fig.6, the radial distributlcn

of relative phase and magnitude between the radial and

azimuthal components of the measured magnetic field. The

field inside the plasma is always right-hand circularly

polarized, independent of the antenna polarization. The

magnitude of the right rotating field on axis corresponding

to the radius of the Lissajous figure is 4 G.

POWER DEPOSITION

The power deposition profile derived from the probe

signals, figure 7, is consistent with the total power

leaving the antenna, and with the fact that the left-hand

rotating field is excluded thus depositing power mainly in

the outer plasma regions by the screening currents. The

outer plasma layers are somewhat slower rotating than the

field and the resultant increase of momentum input by the

right handed wave compensates the token amount of torque

directed oppositely by the left wave. The total power input

is about ten times larger than the power dissipated by the

diamagnetic current alone. As a consequence of preferential

power input by the left-rotating wave and momentum input by
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the right-handed wave the antenna loading is very sensitive

to the antenna polarization.

..

SPATIAL AND TEMPORAL DECAY

Studies of the equilibrium have been extended to

spatial and temporal decay of the confining diamagnetic

current, lt has been observed, that the current decays on

the resistive time scale due to electron-ion coulomb

collisions. The high-beta plasma extends axially only to

the end of the RF antenna (fig.4), the spatial decay is

related to the momentum input by the RF field and the

momentum loss due to collisions and direct particle loss but

since the angular velocity itself does not decay on the same

scale as the angular momentum (fig.8) collective effects

must be at play. A possible candidate for axial angular

velocity transfer is the generation of a radial electric

field. This effect is being investigated further, since it

may provide a beneficial contribution to toroidal

confinement of the particles outside the separatrix.

ELECTRON BEAM INJECTION

The field reversal experiments are at the RF power

limit given by the present RF power amplifiers. However,

calculations show, that only about 20 _ of the RF power

absorbed by the plasma is needed for the azimuthal electron

momentum input, the rest is used for ionization and

transport losses. Therefore, an experimental program has

been conducted to relieve the RF power supplies from

ionization duties by a separate plasma production scheme. A

low energy high-current electron beam injection in the

toroidal direction, similar to the DC helicity injection

scheme used by Ono et al, has been developed. This electron
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beam has the additional advantage of providing a respectable

free electron source as well, independent of plasma loss

processes, and rh.us tt enabled us to operate at reduced

neutral gas densities leading to higher equilibrium electron

temperatures which have reduced further the requirement for

RF power. If this scheme reaches its full potential,

confinement Jn the toroidal sections wJ]] become possible by

the rotational transform generated by the toroidal beam

current.

The LaB 6 beam source has reached the design level of

50 A beam current at 500 V beam energy. In the near future

the beam energy will be extended to 1 kV. Measurements of

circulating toroidal current indicate that. due to the

cylindrical cathode geometry, only a small fraction of

electrons are born in the local mirror loss-cone and thus

contribute to the toroidal current. This deficiency is

presently being cured by installation of a flat cathode.

The present cathode will be moved to a toroidal section

temporarily to check if other effects are present limiting

the total toroidal current in a single pass.
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FIGURE CAPTIONS

Fig. 1. The RACETRACK experiment and d]agnostic layout.

Fig. 2. The rotating field antennas and the currents

generated by the fields.

Fig. 3. Schematic configuration of the present reversed

f]eld experiment.

Fig. 4. Radial profiles of axial magnetic f]eld,

diamagnetic current density, and electron density

in the reversed-field configuration.
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Fig. 5. Radial profile of the electron temperature as

measured by floating double probes. Note the

tendenpy to inverse variation with respect to the

density.

Fig. 6. Phase and Amplitude profile of the rotating

field. Notice that on axis the field is

circularly polarized.

Fig. 7, Distributlon of RF power deposition by the

screening plasma currents.

Fig. 8. Spatial decay of the plasma equilibrlum. Notice

the radius being invariant, indicating constant

angular velocity, but the peak density decays

sharply showing loss of fluid angular momentum.
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Figure 4



_./ • Rau,al Parallel Temperature P,_fileIS.|
8.

12.S_

m Ni I1[ IK II I_ 11( _. Iii IlK II[ II II[ I1( lE II W IlK _ H

10.1_

w 7.S-
lp

S.O-

11.9 eV evereot temptreture

O.O ! t ] I I I J
-7.5 -s.e -2.s o.o 2.s s.o 7.5 .._.0 12.5

r (cre)

r Rediel Density Profile
I _ • 10

O

6
u li(
u

ill

Slit|| Ixperlmentel Ilete pelnt|

Line: fit. til hxP. emc, equered

O J I t i I 1 t
-7.s -s.e -2.S e.e 2.s s.e 7.s Io.0 t2.s

r (ca)

Figure 5



m

I78

C_

v

,,b,,a

°_

-61_ ,_,,

t,n

-128 •

" _' , , 11_, , =6_, , -1_, 1
-188[_ I _ t l 1

-15 -18 -5 _ 5 11_ 15
(cre)

Phase and amplitude profile of the rotating field.

Figure 6



j •
t=

- -_ I 8xP, :
_ ., :

8 r 1¢_) 28

Distribution of RF power deposition by th_ screenJnE
pJas_a currents.

Figure 7



I



i




