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1. INTRODUCTION




INTRODUCTION
J.W. Van Dam and T. Watanabe

Description of the Meeting

A miniworkshop on "Hot Electron Physics' was held at.the Institute for
Fusion Studies of the University of Texas at Auétin during the week of
January 10-14, 1983. This workshop was conducted under the auspices of the
US-Japan Joint Institute for Fusion Theory.

Although one in a continuing series of US—Jépan workshops, this was the
first to employ a 'working group' format. This meeting was a miniworkshop,
quite informal and restricted in: size. A relatively small number
of specialists were invited to participate, and the meeting itself was focused
on a few specific problems. These problem aréas were determined to be (a) the
equilibrium and stability of hot electron plasmas and (b) the heating of hot
electrons - both with application primarily to bumpy torus and tandem mirror
devices. ' ‘

The purpose of this miniworkshop was likewise twofold.. Its intention was,
first, to report on recent developments in these two specific areas of hot
electron physics and, also, to initiate or continue research collaborations
among the Japanese and American participants. To these ends, informal presen-
tations involving a blend of théory, computation, and experiment, as well as
small-group working sessions, were scheduled. A copy of the agenda for the
meeting may be found on pp. 9. . The success of this miniworkshop format
may be judged from the vigorous dialogue between speakers and audience during
the scheduled presentations and from the variety .of individual scientific
interactions during the afternoon free sessioms.

The topic of hot electron physics has received considerable attention
recently. By hot electron physics is meant the physics of plasmas containing
a highly energetic electron component whose magnetic drift frequency can exceed
the frequency of typical fluctuations of interest. This was a timely subject
for a workshop, in view of the impact that hot electron stability theory has had
on the bumpy torus program and in view of the utilization of hot electrons in
tandem mirrors for confinement by thermal barriers and possibly for stability with
axisymmetric end cells. The U.S. and Japan both have bumpy torus and mirror

programs; representatives from each were included as workshop participants.
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A total of 22 persons participated in the miniworkshop: 3 coming from
Japan, 8 from the Institute for Fusion Studies, and 11 from other U.S. institu-
tions. A complete list of attendees is on pp. 394, with a group photograph
on p. 388. ‘

For the benefit of the participants, the transparencies presented by the
workshop speakers are reproduced in this proceedings report. Viewgraphs from
the discussion session on Friday morning are also included; however, since
some of these are rather sketchy and their content important, a brief summary

is given here.

Synopsis of the Discussion Session

Sanuki reviewed the results of his calculation concerning the effects of
ambipolar potential on bumpy torus stability. His theory indicates that electro-
static flute modes can be stabilized by an applied rf electric field, as well
as by high-beta hot electron rings. When the ambipolar potential is positive
(as in the NBT-1 device), a stronger applied field or higher ring beta is
required for stability, and finite ion Larmor radius has less‘of‘a stabilizing
effect, than when the potential is negative (as in NBT-IM and the EBT experiments).
He recommended more theoretical and experimental study of the detailed relation-
ship between fluctuations and the potential profile. He also described the
operatibnal parameters of the new NBT-1M machine -and the experimental plans of
the Nagoya group.

Antonsen commented that his ballooning mode theory had addressed geometrical
effects. Several effects (field line bending, circulating hot electrons, core
plasma dissipation) 1ead.to shrinking of the stability region, although this can.
be tolerated with the inclusion of hot electron gyroradius effects. Whether
finite Larmor radius (FLR) effects are truly important for experimental stability
now and in future devices must be decided. If they are, then hot iom rings become
attractive. Particle simulation codes could be useful for détermining the effect
of FLR on linear instabilities and their.nonlinear saturation. The behavior of.
modes driven unstable by resonance, such as the resonant compressional mode,
could also be studied with simulations. In addition to curvatﬁre, he suggested
that other sources.of free energy be investigated, such as the density gradient

-and the parallel gra&ient of the ExB drift.




Quon described how experiments are able to provide detailed information
about hot electron properties such as the parallel and perpendicular pressure
profiles, as well as the magnetic field and also geometrical information for
scaling up to larger size, higher magnetic field devices. Experimentally, the
hot electron density, temperature, beta value, and anisotropy can be controlled.
The a.c. characteristics of a hot electron plasma should be examined in order
to obtain experimental validation of theories. This would involve identification
of unstable modes and observation of stability boundaries (e.g., the core beta
limit). Current experiments should be ab1e to check the theoretical hot. electron
decoupling condition and the prediéted effect of FLR, the latter by'making
thicker rings with multi-frequency heating. For new ideas to explore,_he.suggested
using line tying to anchor the rings and using a surface blanket of heavy ions
to achieve decoupling, since the parameter that measures decoupling is proportional
to the ion mass. An ion blanket would slow down the impedance of the system and
may also enhance the stabilizing effect of ion FLR.

Spong further discﬁssed the hot plasma decoupling condition and its impli-
cations. After describing how the decoupling parameter scales, he pointed out
that a bumpy torus reactor could have difficulty satisfying this condition. 1In
present experiments, taking into account decoupling may make the interacting inter-
change mbde easier to observe. For thié, good profile measurements within the ring
region are necessary. The use of hot ion rings could possibly lower the power
requirements without reducing the ring temperature. He also posed the gquestion
as to whether the equilibrium vacuum magnetic field configuration for the bumpy
torus could be improved for the purpose of stability. One idea is to locate the
rings in regions of large curvature. Toroidally linked minimum-B mirrors have '
been studied previously; this system relies on the vacuum field design for
stability but has poor volume utilization, whereas EBT relies on hot electron
ring stabilization and uses volume well. An analogy was drawn with ARE coils,
which do not greatly alter the magnetic field but which improve transport éigni—
ficantly. '

Watanabe outlined the present and future status\for computational analysis
of plasma behavior from a kinetic point of view. Two-dimensional equilibrium
calculations for axisymmetric bumpy tofus, tandem mirror, cusp plasma, tokamak,

field reversed mirror, and ion ring devices are now possible, with relativistic
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and trapped particle effects to be included next. Three-dimensional numerical
schemes will be tested with MHD and Vlasov-type models. Stability and wave
propagation problems in one or more dimensions are also feasible.. Phenomena’
such as collisions, non-adiabaticity, rf heating, and anomalous transport can

be studied with numerical schemes that allow for developmeént in time.

Berk interpreted the various experimentally observed fluctuations listed

in chart form by Hiroe as follows: 10 KHz, ion diamagnetic frequency mode or
Kelvin-Helmholtz electrostatic potential gradient-driven mode; 20-100 KHz,

local interchange of the surface plasma outside the rings.' .- ="

100-150 KHZ, low-frequency hot electron interchangeg 10 MHz, high-frequency

hot electron interchange (well correlated with the predicted threshold for
hot-electron-to-ion density ratio); 100 MHz, magnetic compressional mode coupled
to a precessional wave; lO GHz, whistler (or perhaps electron-plasma oscillation
interacting with the hot electron loss cone). '

Also, he.emphasiéed that the long-wavelength layer modes give the.

most pessimistic stability condition for the decoupling problem,HWith;f-.xl.n.
significafit consequences for reactor studies<- A recent calculation that

designed a bumpy torus reactor to operate slightly below the critical core beta
value was based on the deeoupling condition for the short-wavelength modes. The
same condition for the layer modes requires an additional factor of 20-100 in

the density ratio for stability. If this factor is 100, the stable operating
regime for a reactor disappears; if 10, it still exists but is smaller. Several
ways to improve the accuracy of the decoupling prediction are: to calculate line-
averaged profiles; to include bending on the magnetic perturbations; to study the
radial mode equation at ring beta values on the order of unity; to check whether
low ring beta might have better stability prdperties, even though high beta
affords a convenient expansion parameter for the non~resonant modes; and to
generalize the theory to frequencies near the ion cyclotron frequency. Hé proposed
;examining the possibility of using axis-encircling ions ("Astron Bumpy Torus'),
hot enough to reverse the magnetlc drlft but not necessarlly the field, and to
satisfy strongly the decoupling condition with core beta near the crltlcal value
assuming that a similar decoupling parameter is applicable for this system.

| Other theoretical problems that remain to be studied aré: to obtain
quantitative ballooning stability criteria; to calculate allowable radial profiles
by solv1ng the ballooning mode problem within and to the inside of the annulus,

to examine the spread in bounce frequency; to investigate the effect of ambipolar




field on transport and low-frequency fluctuations during reversed potential

operation; to see if whistlers influence transport; to optimize heating.

'mechanisms; to study distribution functions produced in tandem mirrors; and

to link together equilibrium and transport codes.
Finally, the Gamma-10 device, because it has a thermal barrier on the
outside and quadrupole anchor on the inside, appears not to be susceptible

to trapped particle instabilities.
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MONDAY, JANUARY 10, 1983
1:00 PM REGISTRATION
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T.M. ANTONSEN, "STABILITY OF BALLOONING MODES AND
LOW-M MODES IN HOT ELECTRON PLASMASY

S. HIROE, "FLUCTUATION MEASUREMENTS IN EBT"

TUESDAY, JANUARY 11, 1983

9:00 AM

H. SANUKI, "EFFECTS OF AN AMBIPOLAR FIELD ON THE
STABILITY OF ELECTROSTATIC FLUTE MODES IN A
BUMPILESS CYLINDER"
D.A. SPONG, "RADIAL MODE STRUCTURE OF CURVATURE-
DRIVEN INSTABILITIES IN EBT"
H.L. BERK, "LONG WAVELENGTH MODES WITH FLR EFFECTS"
B.H. QUON, "HOT ELECTRON RING AND DISK FORMATION IN
SYMMETRIC MIRROR FACILITY"

12:00 NOON LUNCH
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T. WATANABE, "EQUILIBRIUM OF VLASOV PLASMA IN
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Y. KIWAMOTO, "PHYSICS OF HOT ELECTRON HEATING IN
TANDEM MIRROR"

W.M. NEVINS, "CONTROL OF HOT ELECTRON ENERGY IN
THERMAL BARRIER CELLS"

R.J. KASHUBA, "THEORY OF WAVE DAMPING NEAR THE
ELECTRON CYCLOTRON FREQUENCY"

T. WATANABE, "KINETIC STABILITY OF AXISYMMETRIC
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GROUP PHOTOGRAPH
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THURSDAY, JANUARY 13, 1983

9:00 AM

12:00 NOON

1:30 PM

FRIDAY, JANUARY 14, 1983

9:00 AM

12:00 NOON

Y. OHSAWA, "PARTICLE SIMULATION OF EBT STABILITY"

N.T. GLADD, "RELATIVISTIC EFFECTS ON THE WHISTLER
INSTABILITY"
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CLOSING




3,

~12-

PRESENTATIONS




-13-

VLASOV EQUILIBRIUM OF -AXTSYMMETRIC  SYSTEMS

T. Watanabe, K. Hamamatsu, J. W. Van Dam*, and K. Nishikawa
Institute for Fusion Theory, Hiroshima University

*Institute for Fusion Studies, University of .Texas
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1. Equilibrium distribution function and
basic equations

~ 2. Numerical method

3. Applications
a} Bumpy cylinder with hot rings

- b) Bumpy cylinder with hmeéemmm |

producing revers field configurations

!
i

c) Thermal barrier with sloshing ions

- .and hot electrons

d) ‘th double cusp ;Sy%sﬁ@m |
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2. Numée;maﬁ ‘method

~ We have solved the coupled nonlinear
- boundary value problem by combined

“use of the smmmg method and

Newton's iteration method.
_""Ehism@ﬁmd have been proved to be

highly accurate,

 highly efficient, and

highly flexible

~ through the following applications.
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hot ring electron 3.0x10'2 | 1.0x10° |-5.0x1072| 5.0x107% | 1.0 | 1.8x10° | 1.5
| . | 1.8xi
| electron| 3.0x10"° |5.0x10% | 0.0 0.0 0.0 0.0 8.0
j core plasma ]3 3 .‘
| fon | 3.0x10"7 | 1.0x10° | 0.0 0.0 0.0 0.0 | 8.0
| curface  |etectron| 1.0x10" | 2.5x10% | 0.0 0.0 0.0 | 1.0x10°
plasm o, 1.0x10"! | 5.0x10% | 0.0 0.0 0.0 | 1.0x10°
|
: current inner outer . .
‘ density diameter diameter thickness | distance
i external -
| magnetic coil 20 KA/cm? 15 cm 20 cm 5 cm © 40 cm
I
|
!
z Table 1.
&
n-(cm_3) T.(eV) o Gan s §.1 9 ;(G-cmz) A.(cm)
J J 13 2] J1 Y] J
A 1.0x10'3 | 5.0x10% | 2.0x1071 | 4.0x1071 | 1.0] 0.0 8.0
sloshing ion T 3 P 31
- 1 .6.8xi0'! |8.3x10° |-5.0x107¢ | 6.7x107°{ 1.0| 0.0 .»8.0
T ] ®
5.0x10'2 | 1.0x10° |-5.0x107%| 1.0x107%| 1.0 0.0 1 8.0
hot electron 12 3 5
-2.8x10'2 |5.5x10° |-5.0x107¢ | 0.0 0.0} 0.0 g.0
warm electron 7.0x10'2 {1.0x10% | 0.0 0.0 0.0 0.0 8.0
surface -electron 1.0)(]0H 5.0x102 0.0 0.0 0.0 3.0)(106 10.
plasma | ;5 1.0x10" |5.0x10% | 0.0 0.0 0.0 3.0x0% | 10.
current inner outer - . .
density diameter diameter thickness | distance
external 2
magnetic coil 70 KA/cm 12em ,20 cm 8 cm 80 cm

Table 2.
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MAGNETIC FIELD LINES
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Eledrostatic patential
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HIGH-N BALLOONING INSTABILITIES IN HOT

. ELECTRON PLASMAS

T. M. Antonsen, Y. C. Lee, H. L. Berk*, M. N. Rosenbluth*, and

J. W. Van Dam*

LOW-N EIGENMODE EQUATIONS FOR AXISYMMETRIC

HOT ELECTRON PLASMAS

'T. M. Antonsen and Y. C. Lee
University of Maryland

#*Institute for Fusion Studies, University of Texas
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