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I. Executive Summary

The first Tandem Mirror Theory Workshop was held in New Haven, Connecticut

at Yale University on December 11 and 12, 1980. The workshop had 37

participants from the following 17 institutions: Cornell University,

Lawrence Livermore National Laboratory, Massachusetts Institute of Technology,

New York University, Oak Ridge National Laboratory, Princeton University,

Rensselaer Polytechnic Institute, Science Applications, Inc., TRW, Inc.,

University of California at Los Angeles, University of Iowa, University of

Maryland, University of Michigan, University of Rochester, University of

Wisconsin, Yale University, and the Office of Fusion Energy - DOE. Members

of the Institute for Fusion Studies were invited, but schedule conflicts

prevented them from attending.

The purpose of the workshop was to inform the constituency of the needs of

the national tandem mirror program and the status of current theoretical

research. It was intended that the workshop stimulate new theory efforts

in problems of programmatic interest and that discussions foster cooperation

among participants with mutual interest. An effort was made to focus on

specific future needs. It was the consensus of those participating that

the goals were substantially met.

The workshop was divided into three sections which were constituted according

to subject matter: RF Heating, MHD Equilibrium and Stability, and Transport

and Microstability. An overview from Livermore's point of view was given

at the beginning of each session. Each session was assigned a secretary to

take notes. These notes have been used in preparing this report on the

workshop. The report includes the activities, conclusions, and recommendations

of the workshop.
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RF Heating - Dr. L. Friedland, Recording Secretary

Dr. D. Baldwin, LLNL, gave an overview of the uses of RF heating for the

tandem mirror. Most of the session consisted of discussions of ECRF heating

but some mention was made of ICRH and other wave phenomena, such as whistlers.

Presently, all ECRF heating computation consists of: geometrical optics ray

tracing codes for cold plasmas and relativistic absorption. Some work has

been done on transport coefficients. Recommendations for future efforts

are as follows:

• A benchmark test should be made of the present cold plasma geometrical

optics codes.

• A documented, geometrical optics code, with state-of-the-art features,

should be made and maintained, and be available to the fusion community

as a whole.

• A warm plasma optics code is possible and should be constructed.

• The absorption spectrum should be used in transport codes to self-

consistently determine distribution functions, potentials, etc.

Follow-up is planned on all of these issues and a volunteer (Dr. C. Audenaerde)

will take care of documentation of the uniform optics code.

MHD Equilibrium and Stability - Dr. P. Catto, Recording Secretary

Dr. D. Pearlstein, LLNL, gave an overview of the status of tandem mirror MHD

equilibria and stability. At the moment, the only 3-D descriptions of the

tandem mirror exist for low beta in the long-thin approximation, or

paraxial limit. The form of the pressures, P, (B,ip) , P M (B,^) is inferred

from distribution functions in appropriate sections of the tandem mirror.

Infinite mode number ballooning theory is applied to determine stability.

Low-frequency kinetic theory indicates greater stabilization of the ballooning
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mode (i.e., higher stable beta). MHD stability of axisynunetric tandem mirrors'

whose displacements are "line-tied" by EBT-like E-rings is also being examined.

It has been shown, at least in the long-thin approximation, that a tandem mirror

may be made "omnigenous" (the drift and flux surfaces coincide), provided

there are no other considerations. This would greatly reduce cross-field

transport. Some recommendations for future effort ares

• A check should be made of the long-thin models of LLNL and Shi, which

presently disagree in the vacuum limit.*

• The ballooning mode theory should be extended to large, but finite,

mode number to be consistent with the use of low-frequency kinetic theory.

An improved eikonal method is required to obtain a phase integral

constraint,

• The use of sharp boundary models may be appropriate for low mode numbers (m=l)

and should be pursued, although it is noted that problem perpendicular to the

magnetic field is intrinsically two-dimensional. An alternative would be

conversion of a code similar to Brackbili or Garabedian.

• Stability of axisymmetric equilibria with E-rings should and will be

investigated.

• Self-consistent equilibria may be evolved by "leap froging" MHD and

Fokker-Planck transport codes.

Future plans are to pursue all these issues.

Transport and Microstability - Dr. J. Drake, Recording Secretary

Dr. R. Cohen, LLNL, gave an overview of classical resonant transport in

tandem mirrors end cells. This transport is much greater than standard neo-

classical diffusion. However, the ion flux measured in TMX is greater than

predicted by resonant transport. Controversy developed whether or not like

•Since the workshop, this issue has been resolved. The SAI computation orders
the normal curvature smaller than geodesic curvature, while the two curvatures
have the same order in the LLNL calculation. Which ordering is appropriate depends
upon the device modeled.
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particle collisions could contribute to transport. Observations from the TMX

experiment indicate the possible presence of the Alfven Ion Cyclotron (AIC)

instability while the Drift Cyclotron Loss Cone (DCLC) mode appears suppressed.

Low frequency, high mode number 3D microinstability analysis has been performed

and related to MHD. Single mode, nonlinear analysis of the Russian PR-6 data

has been performed and theory is in good agreement with experiment. Ion-ion

collision effects on the L H drift mode have been examined and found to be

stabilizing. Recommendations for future study are:

• Further examination of resonance diffusion is required. Some problems

may be related to details of analysis such as velocity-space boundary

layers.

• The like particle diffusion issue between MIT and LLNL should be

resolved.*

• In addition to the AIC mode, other microinstabilities, such as ion drift

and two-stream instabilities, and various electron instabilities for the

reactor regime, should be investigated.

• Convective modes, from the end cells to the center solenoid and rotational

instabilities should be investigated. These modes are observed in TMX.

• Transport studies of alpha particles and impurities should be done.

Most of these issues are being investigated.

The basic format of the workshop met with general approval and was considered

a great improvement over the mini-APS, or topical conference format. It was

recommended that:

• The workshop be held at least once a year; the precise organization to

be determined by the community and the host.

•Since the workshop, Dr. Bernstein and Molvig convened with the staff of LLNL
in Livermore in January 1981 and it was determined thai- there is like
particle transport in the presence of non-axisymmetry.



• The number of participants should be small.

• It is requested that an update of plasma parameters for the various mirror

devices be put on the MFE network and directions for data retrieval be

put in the Mir.or Monthly.

Approved:

Donald HJ Dobr
Department of Energy



6

II. RF Heating

The first part of the workshop was mainly devoted to the discussion of the

specific problem associated with the current RF heating applications in

tandam mirrors. The following topics were suggested for discussion:

1) Ray Tracing (3-D codes)

2) Absorption (hot plasma, relativistic effects)

3) ECRH Produced Instability

4) Fokker-Planck Self-Consistent Modeling of the Heated Distribution

Functions

5) The Role of Barrier

6) ICRH, LH, Stochastic Heating

The discussion began with a brief summary by D. Baldwin of the main objectives

of the RF heating of tandem mirrors and of theoretical problems and concerns

associated with the heating. It became clear that Electron Cyclotron

Resonance Heating (ECRH) on the fundamental and higher harmonics is currently

viewed as the most promising direction of applications. This type of heating,

however, poses a large number of unsolved problems due mainly to its anisotropic

and localized nature. In this context, the degree of anisotropy of the

electron velocity distribution function which would still provide the

necessary equilibrium and stability was discussed. The necessity of Fokker-

Planck type self-consistent determination of the distribution function in

resonantly heated tandem mirror plasmas was emphasized.

Because of the importance of the ECR heating, practically all th^ following

discussion in the group was devoted to this subject.
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L. Friedland described the geometric optics codes developed at Yale and

currently used in different applications at Livermora. These codes are

based on the cold plasma model for the ray tracing. The absorption of the

EM energy along the rays, however, is found assuming a hot, maxwellian

plasma model. The possibility of adoption by other groups of the recent

theory, which allows one to trace the rays and find the absorption by

consistantly using the hot plasma dielectric tensor was suggested.

D. Batchlor described the ray tracing codes, which were used in various

studies on EBT, and proposed to use the relativistic damping package

developed at Oak Ridge for the second harmonics heating of the barriers

in tandem mirrors. The package uses the hennitian part of the relativistic

conductivity tensor in calculating the absorption along the rays, which

are traced, however, by assuming the cold plasma model.

K. Audenaerde described another approach based on analytic formulas for the

absorptivity in relativistic plasmas.

I. B. Bernstein gave a brief description of the recent theory of the bounce

average fully relativistic Fokker-Planck formulation of the ECRH induced

evolution of the distribution function in mirrors. The theory was recently

implemented in a computer code at Yale. It also provides the necessary basis

for future geometric optics codes involving anisotropically heated electron

distribution functions.

The final part of activities of the RF heating group consisted of more

detailed discussion of the ECR heating.
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The problem of a great disparity between different theoretical papers published

in recent years was raised by M. Porkolab. This disparity makes it extremely

difficult for the experimentalists to adopt one formalism or another.

The group also discussed the main conclusions of the workshop and suggestions

for the future work, which are as follows:

a) It was decided to compare several existing geometric optics codes, which

all use the cold plasma models in the ray tracing. The comparison will help

to find the best features of each one of the codes and to decide which code

is more suitable for studying different problems of the RF heating of

tandems.

b) The comparison will be done by using first a simple perpendicularly

stratified plasma model, and in the second stage a complicated 3-D model

of the plasma in the TMX plug region.

c) It was decided to continue the contacts between various ECR heating

groups in order to establish a concensus on the methods and formalisms,

which should be used in the geometric optics codes in the future.

d) It was suggested that the LLNL theory group would provide an active

internal support to the experimental groups which are interested in applications

of the existing geometric codes at Livermore.

e) Future directions of the research include:

1. The study of the ECR heating of anisotropic distributions.

2. The study of finite temperature and relativistic effects on ray

tracing and absorption.

3. Combining the geometric optics and Fokker-Planck bounce-average

codes in an attempt to give a self-consistent picture of the heating.
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4. Continuation of the contacts between different groups in order to

develop a "super"-geometric optics code which would combine most of

the known regimes of ECR heating in a compact user oriented computer

program.

Approved :
L. Friedland
Yale University
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III. Equilibrium and MHD Stability

The consensus of this group is that there are two major problems worthy of

extensive theoretical efforts.

A. Equilibrium

The first area of concern centers around the obvious desirability of having

a code that can solve for tandem equilibria in 3-D, finite beta, anisotropic

plasmas for specified pressure profiles (ultimately obtained from a Fokker-

Planck code capable of treating radial and/or end loss processes properly).

Unlike tokamak research where there are a number of equilibrium codes,

tandem mirror investigations are handicapped by not having even a single

equilibrium code. Furthermore, there appears to be no 3-D code that already

exists which can bo sensibly modified to treat the open end constraint of

Jii = 0 in addition to allowing finite beta and anisotropy.

There was considerable feeling that the development of analytical models was

absolutely crucial for a number of reasons. Among these sre the ability to

check the code in simple limits, and the feeling that any code that is

ultimately developed will be based on the solution techniqut of one or more

of the analytic models. In particular, there is good reason to believe that

a generalization of the analytic technique developed at Livermore may be a

desirable method of designing such a code within the long, thin approximation.

Unfortunately, it still appears that even if such a code can be developed it

will take from many months to a year to do so, and that the ultimate result

will be costly to run. As a result, the role of analytic equilibria wou^d

become even more important since the code wot Id be used to determine the

range of their validity. Then the analytic models would be used where

possible, with the code being used only when necessary.



11

It would be desirable, of course, to have a combined equilibrium/transport

code whereby both could be stepped forward in time self-consistently.

However, the need for an equilibrium code is so great that it seems unwise

at the moine t to attempt this far Jiore ambitious undertaking. Nonetheless,

new analytic models might provide insight into how this might be accomplished.

In addition, the desirability of locally omnigenous equilibrium tandem fields

as proposed by £>AI was discussed; however, the issues of interchange

stability, as well as the engineering practicality of the field coil design,

remain unresolved problems at present. Because such omnigenous fields

offer the possibility of greatly reduced transport in non-axisymmetric

devices, it is desirable to maximize this feature consistent with other design

considerations for tandems.

B. MHD Stability

The second major problem worthy of extensive efforts is the formulation of

an MHD stability theory capable of treating low mode nombers. Recent analytic

work at SAI and its numerical implementation at SAI and Livermore has

demonstrated the strong stabilizing influence uf kinetic effects on ballooning

modes within the eikonal approximation. As a result of these studies it now

appears that the only modes that remain potentially unstable are the ones at

low mode numbers which are not readily treated by present eikonal treatments.

However, there is reason to believe that modifications of the present technique

which take advantage of the different spatial scales in the radial, azimuthal,

and axial directions can provide a viable method of solution. Such modifi-

cations are currently being investigated at Livermore.
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In addition, it seems wise to pursue sharp boundary model equilibria with beta

of order unity. Such models have proven useful in other devices, such as

tokamaks, in understanding low mode number behavior.

While it would be desirable to have low mode number models that retained

kinetic effects, initially it would be acceptable to be able to formulate

an ideal MHD model. However, it does appear necessary to employ nonaxisymmetric

equilibrium models since the quadrupcle coupling is important.

Finally, it was noted that in the low mode number limit, £ x B̂  rotations

will provide an additional source of free energy that could potentially drive

other instabilities.

C. Other Topics

In addition to discussing various analytic and numerical equilibrium and MHD

stability models and results, there was some discussion on the stability of

axisymmetric mirrors. The stability of both electron ring (SAI) and levitated

internal ring (UCLA) plugs were discussed.

Experimental and theoretical (Iowa) results on picket fence cusps were also

discussed, the crucial question being the size of the "hole" and its scaling

in various parameter ranges.

While the issues of axisymmetric and cusp plugs are not relevant to under-

standing the TMX Upgrade and MFTF experiments, they may ultimately result

in alternate, more favorable tandem designs. As a result, they appear to

be areas where potentially important theoretical and experimental results

will occur.

Approved;
P. Catto
Science Applications, Inc.
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IV. Neoclassical Transport

The present status and major problems associated with the calculation of

collisional transport in THX were summarized by Ron Cohen of LLNL. In general,

radial transport in TMX is linked to the nonaxisymmetric quadrupole fields

in the end plugs and the transition region between the plugs and central

solenoid which enhance the radial excursion of electrons and ions similar

to the "banana" orbits in tokamaks.

Radial electron transport in the presence of the quadrupole fields is

particularly difficult to calculate because of the complicated orbits of

electrons trapped in the end plugs. Present transport cooes simply rely on

one of two assumptions: (1) that there is no perpendicular electron transport

or (2) that the perpendicular transport is so large that the electrons satisfy

the Boltzmann relation both parallel and perpendicular to B.

Ian transport is easier to calculate because the ions trapped in the central

cell spend relatively little time in the transition region and the end plugs.

Transport is dominated by those "resonant" ions for which the radial excursion

of the ion orbit due to the quadrupole field is large. The discussion focused

on two important features of this "resonant" transport: (1) the multivalued

nature of resonant transport and associated stability problems with the

existing transport code, and (2) the question whether ion-ion collisions should

cause net ion transport.

The nonuniqueness of the transport equations arises because the ion flux

P^ (E) as a function of the radial electric field E is not monotonic but

exhibits a peak where the azimuthal E_ x B drift of a solenoid ion, as it

transits from one transition region to the other causes the quadrupole induced
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radial drifts at opposite ends of the solenoid to be in phase. In the existing

transport code the problem is circumvented by forcing T- (E) to be monotonic.

No satisfactory solution to this problem was offered.

The role of ion-ion collisions on transport in nonaxisymmetric systems was

discussed in depth. There was general agreement that in an axisymmetric system

ion-ion collisions cause no net particle transport (e.g., they do not con-

tribute to transport in axisymmetric tokamaks). There was disagreement as

to whether ion-ion collisions should cause transport in the presence of the

quadrupole plugs. The present test particle approach to calculating this

transport is clearly not capable of resolving the issue since the test

diffusion coefficient remains finite even in the axisymmetric case. K. Molvig

presented a formalism based on angle-action variables, which he and I. Ber itein

have developed, which he believes could be used to calculate the transport

coefficient including ion-ion collisions.*

Recent 3-D calculations of TMX equilibria (D. L. Pearlstein, T. B. Kaiser,

W. A. Newcomb) predict central cell axial currents and associated azimuthal

magnetic fields driven by quadrupole end plugs. Such fields may significantly

influence transport since the radial component of VB drifts associated with

these fields acts over the entire length of the solenoid, rather than in just

the transition region. The same is true of the E_ x B_ drift arising from any

azimuthal variation of the ambipolar potential in a flux surface.

Finally, the apparent discrepancy between measurements of radial ion transport

on TMX and analytic calculations was discussed. The observed radial transport

is non-ambipolar, and the inferred radial ion flux is as much as an order of

magnitude greater than "worst case" predictions based on collisional "resonant"

transport.

•Since the workshop, Dr. Bernstein and Molvig convened with the staff of LLNL
in Livermore in January 1981 and it was determined that there is like
particle transport in the presence of non-axisymmetry.
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Microstability

The discussion of microstability in TMX led to the identification of a number

of outstanding theoretical problems. On the subject of end cell stability

these included:

1) Developing improved models of the 3-D structure of important modes -

particularly AIC.

2) Calculating the stability of anisotropic electron distributions associated

with the thermal barriers.

3) Investigatina the- propagation of end cell generated waves such as AIC

or DCLC into the central cell.

4) Developing models to explain RF bursting.

The third problem is important because of the observation of central cell ion

heating by plug produced RF in TMX. Excessive central cell ion heating is

deliterious to confinement since the ions are pumped over the coniining

potential barrier. R. Aamodt emphasized problem four in pointing out our

inability to explain the appearance of regular but well separated pulses of

RF on 2X-IIB. Current nonlinear theories describe the saturation of DCLC

at finite amplitudes but do not explain the complete disappearance of the

mode for the rather extended intervals between the bursts.

Ongoing work on DCLC was described by J. Callen and A. Simon. J. Callen

pointed out that ion gyrophase diffusion due to ion-ion collisions broadens

the ion cyclotron resonance and thereby has ? stabilizing influence on DCLC.

A. Simon discussed his single mode saturation theory of DCLC and compared

his results with observations on PR6 (Kurchatov).
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The discussion of central cell stability largely concerned gradient driven

modes which could enhance radial electron or ion transport. Potentially

important modes which were identified include:

1) Drift Cyclotron

2) Low Frequency Drift Waves (w << P..)

3) Rotation Driven Modes (Due to a radial electric field)

A proper treatment of these modes in the central cell of TMX will require the

inclusion of finite 3 effects. J. Drake discussed his recent work on transport

by the LHD instability, emphasizing that low-frequency, k, = 0 modes such

as LHD and drift cyclotron do not produce electron transport in the quasilinear

limit because the electrons are nonresonant.

Measurements of low poloidal mode number, drift-liKe fluctuations on TMX and

their possible role in producing the apparently "anomalous" ion radial

transport were discussed. There was a general consensus that improved

measurements of central cell fluctuations including possibly y-wave or CO

laser scattering measurements would be desirable.

Approved:

University of Maryland
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DATE October 24, 1980

R E P L Y T O _ _ - , r l
ATTN OF ER-751

SUBJECT Proposed Workshop on Tandem Mirror Theory

US. DEPARTMENT OF ENERGY

memorandum

TO Director, Division of Applied Plasma Physics, ER-75
THRU: Chief, Fusion Theory and Computer Services Branch, ER-751

It is proposed that a tandem mirror theory workshop be held in New Haven,
Connecticut on December 11 and 12. Professor Ira B. Bernstein of Yale
University has agreed to make local arrangements. The participants of this
workshop mainly consists of the mirror theory community outside of Lawrence
Livsrmore National Laboratory (LLNL). A list of invitees accompanies this
memorandum. This informal workshop is not intended as a mini-APS meeting
and it is hoped that each attendee will freely participate in the discussions.

The purpose of the workshop is to inform the constituency of the needs
of the national tandem mirror program and the status of current theoretical
research. A strong effort will be made to focus on specific future needs.
It is hoped that the workshop will stimulate new theory efforts in problems
of programmatic interest and that discussions will foster cooperation among
investigators with mutual interest. A report will be written of the activities,
conclusions, and recommendations of this workshop.

The subjects to be discussed will include equilibrium, macro- and micro-
stability, transport and particle loss, and RF heating. It is recognized
that these issues are interdependent and so the list is not meant to be
rigidly fixed. A tentative format is attached.

Donald R. Dobrott
Fusion Theory & Computer Services Branch
Division of Applied Plasma Physics
Office of Fusion Energy

Attachments



Department of Energy
Washington, D.C. 20585

October 31, 1980

To Those on the Attached List

Dear Colleague:

You are hereby invited to participate in a Tandem Mirror Workshop to be
held in New Haven, Connecticut on December 11 and 12, 1980. Professor
Ira B. Bernstein will make local arrangements. You will be hearing from
him shortly. You should try to make hotel accommodations through him.

I am enclosing a copy of a memorandum from me to Jim Decker briefly describ-
ing the Workshop and its purpose. Also enclosed is a list of invitees and
a very tentative agenda. As it stands, there will be four or five 20-30
minute overview talks followed by additional contributions, discussions,
and recommendations for future effort. This format is not encased in
concrete and may be modified. Please inform me of any specific subjects
on which you will be prepared to give a short, informal talk. Such informa-
tion will assist me in making a final agenda.

Your active participation is vital to the success of this Workshop. Its
analysis, results, and the recommendations can play a major role in the near
and far future of the U.S. Mirror Program. You will have the opportunity to
contribute to this most Important activity.

Because of the proximity to the holidays, I urge you to make your hotel and
travel arrangements as quickly as possible. I look forward to your joining
me in New Haven.

Donald R. Dobrott
Fusion Theory & Computer Services Branch
Division of Applied Plasma Physics
Office of Fusion Energy
Office of Energy Research

Enclosures
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TENTATIVE AGENDA FOR TANDEM MIRROR WORKSHOP

Yale University
New Haven, Connecticut
December 11-12, 1980

Thursday, December 11, 1980

8:55 a.m. Welcome

9:00 a.m. Tandem Mirror Equilibria

9:30 a.m. Contribution, Discussion, and Recommendations

10:15 a.m. Coffee Break

10:30 a.m. Tandem Mirror Macrostability

11:00 a.m. Contribution and Discussion

12:00 noon Lunch

1:30 p.m. Tandem Mirror RF Heating

2:00 p.m. Contributions and Discussion

3:15 p.m. Coffee Break

3:30 p.m. Contributions, Discussion, and Recommendations

4:30 p.m. Adjourn for day

Friday, December 12, 1980

9:00 a.m. Tandem Mirror Microstability

9:30 a.m. Contributions and Discussion

10:15 a.m. Coffee Break

10:30 a.m. Contributions, Discussion, and Recommendations

12:00 noon Lunch

1:30 p.m. Tandem Mirror Transport

2:00 p.m. Contributions and Discussion

3:15 p.m. Coffee Break

3:30 p.m. Contributions, Discussion, and Recommendations

4:30 p.m. Summary, Thanks, and Adjournment



APPENDIX B

Yale University A,.
DLi'ARTMKN'T Of ENGINEERING
AND APPLIED SCIENCE

M.;u,i; L;h<,>,>:/,ly

20 November 1980

TANDEM MIRROR THEORY WORKSHOP

Yale University
New Haven CT

Dec. 11 and 12, 1980

Dear Participant,

We are enclosing herewith for your information the following:

1) A list of representative restaurants in downtown
New Haven.

2) A map of Yale University on which are indicated the
Holiday Inn and the Becton Center of Applied Science
where the meeting will be held. They are within
fifteen minutes walking distance of each other.

3) A final list of attendees with their affiliations.

It is intended that the meeting be very informal. To this end if you wish
to make a brief presentation of your current research interests, or those of your
group, we will be happy to allot time for this purpose, but since the meeting is
intended as a workshop we would like to encourage people rather to break up into
small working groups. If you could supply us with a brief statement of research
interests and problems currently under investigation, we will have summaries of
these available for you, as well as a final agenda, at the Holiday Inn on the
afternoon of Wednesday, December 10.

It is hoped that the workshop will stimulate direct research cooperations
amongst the various groups outside the national laboratories, engender new ideas,
lead to informed and friendly criticism of the program, and provide a successful
model for future working exchanges.



Tandem Mirror Workshop
Yale University
continued:

On Thursday, December 11, there will be refreshments at 5:30, followed at
6:30 by a modest banqu t in the Swiss room of Berkeley College. A registration
fee of $15 will be charged which will include the cost of the banquet. Coffee,
tea and Danish pastry will be available in the Faculty Lounge throughout the
meeting, and wine and cheese will be served there, courtesy of Yale, at 3:00 p.m.
on Friday, December 12.

Any changes in hotel arrangements you wish made may be done through Mrs.
Susan Briggs (203) 432-4856. Any other queries should be addressed to me at the
same number.

Sincerely,

Ira B. Bernstein

IBB:b

Enclosures
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and Applied Science

TANDEM MIRROR THEORY WORKSHOP

Participants and Research Interests

Lawrence Livermore Laboratory

The concerns of LLL can be grouped conveniently In three categories as
follows:

Equilibrium: The determination of three-dimensional steady states as

required for stability analyses, including self-consistent
electrostatic fields and realistic boundary conditions.

Stability: Low frequency instabilities, including three-dimensional
treatments of ion microinstabilities, incorporating the
effects of hot electrons. Also MHD instability, taking
into account finite gyration radius effects and zero order
flows, and including kink modes driven by currents parallel
to B̂  associated with non-axisymmetry. Of particular
interest is the determination of proper boundary conditions
for realistically modeled side walls of finite conductivity
for establishing a better knowledge of the mode structure
in directions normal to IS than that obtained by eikonal
methods.

Transport: The effects of electrostatic fields associated with departures
fron. axisymmetry. Turbulent transport. The determination
of proper boundary conditions for transport codes, in particular
for the fluid descriptions appropriate for radial flows.
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Farticipants

TANDEM MIRROR THEORY WORKSHOP

1. Richard Aamodt
Science Applications Inc.
Non-linear microinstability theory.

2. David Baldwin
Lawrence Liverrnore Nat'l Lab.
See LLL above.

11 . Donald Dobrott
Department of Ene'gy
DOE

1 ' . James
t.' of y^rvla.id

3. Donald B. batchelor
Oak Ridge Nat. ' I Lab.
Electron cyclotron heating tbecrv.

Elmc Buapv T I T U S .

4. Ira B. Bernstein
Yale University
Geometric optics K.F. heating

kLnetic tiit.uv, turbulence and
transport, stability theon-,
theory of free electron lasers.

5. W. J. Calicn
University o; Wisconsin
Mirror fusior- pr.vsits, plasma theor;.

6. Robert Cair.jv-e ". 1
TRW
Microinstabi\ity

7. Peter Catto

Science Applications Inc.
Three dinensicnaJ equilibrium and

transport; MED stability.

8. Ronald H. Cohen
Lawrence Livemore Lab.
See LLL above.

9. Ronald C. Davidson

M.I.T.

10. Daniel A. D'Ippelito
Science Applications Inc.
Three dimensional equilibrium and

transport; MHU stability.

br iu-j arc

Jeffrt»v

y. I . :.

Lazar ^ i

Ya 11- Univers i ty

• Hi-metric o p t i c s , k . r . h e a t i n g ,

gyrorron and free e l ec t ron

la se r theory .

W i i ^ i a i L C-r j s s r a i i n , _'•-.

New Y o r k I ' r u v e r s i t v

M>:l; e q ' i i l i r-r i u n . ^-:- i c t ^ h j j i t y .

56. Ttr-ry
L'r. i v'ersitv of Mi'.higan
C.Tiineaent and transport of alpha

particles; alpha driven instabilities
especially balonning Tnodes; the
interlace be^.veei1 phvpi..:= and reactor
requi renentf.

1 7 . J a y K e s n e r
L ' n i v e ^ s i t v of Wiscfrmfn

18. George E. K".orr
University of Iowa
Nunier5jal physics

J9. Ch'istof Litwin
Corne.'l University
Phys'cs of theiirai barriers.

20. Brian McVey
University of Wisconsin
Ion cyclotron tu?ar.jn.g; mirror machines
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21. ICim Molvig
M.I.T.
Stochastic and turbulent transport.

22. David Nelson
Department of Energy
DOE

23. Dwight R. Nicholson
University ->f I ova
Mirror theory, turbulence, non-

linear wa^es

2«. Donald K-.a jbtein
LawTiikt i.ivenuore Lab.
See LLL aocve.

25. Miklos Porkolab
M.I.T.
Electro;. c\\ ioiroi. resonance
hearing and microinstabilities.

26. Robert Price
Department oi Energy
DOE

31. William Tang
Princeton University
MHD stability; kinetic micro-

instability.

32. Arthur Walstead
U.C.L.A. - Los Angeles
Equilibrium and stability of

axisynmetric simple mirrors
with internal rings.

33. Harold Weitzner
New York University
MHD equilibrium and stability,
ECRH heating

34. James T. Woo
Rensselaer Polytechnic Inst.
RF heating, transport.

27 . Thomas Samec
TRW
Stability

28. John J. Scuarer
University of Wisconsin
ECRH, Interaction of heated elec-

trons wi^h overall tandem mirror
properties, mir.roinstabilities,
Fokker-Planck calculations.

29. Albert Simon
University of Rochester
Single mode theory of the DCLC

instability and conrfiarison with
experiment. Threshold nonlinear
theory of 2\. instability.

P

30. Ravi N. Sudan
Cornell University
Physics of thermal barriers.
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