


Comments® ON PLASMA PHYSICS AND CONTROLLED FUSION

A Journal of Critical Discussion of the Current Literature

Coordinator
BURTON D. FRIED
Department ot Physics
University of California. Los Angeles
Los Angeles. California 90024

Aims and Scope

Comments® on Plasma Physics and Controlled Fusion is a bimonthly journal devoted to critical commentaries
on significant current developments appearing in scientific literature. featuring columns in the fields of
plasma physics and controlled fusion by a pancl of eminent correspondents.

COMMENTS® ON MODERN PHYSICS
L. LEDERMAN and J. WENESER, Series coordinators

Part A: Comments~ on Nuclear and Particle Physics

Part B: Comments> on Condensed Matter Physics

Part C: Comments*- on Astrophysics

Part D: Comments* on Atomic and Molecular Physics

Part E: Comments* on Plasiua Physics and Controtled Fusion

Subscription rates

Six issues per volume:

Subscription rates per volume: corporate, $260.000: university library. S174.00: individual. $87.00. Rates
include air maif postage and handling charges. Individual subscription rates are avaifable only to individuals
who subscribe directly from the publisher and who pay through personal checks or credit cards.

Prices apply in North America only. All other countries will be invoiced at our current conversion rate.
The subscription rates include a distribution charge of $17.00 for postage and handling. Pleasc write to
the publisher for details. Send your order to vour usual supplicr or divectly to Gordon and Breach. Scicnce
Publishers, Inc.. c/o STBS Ltd.. One Bedford Street, London. WC2E 9PP. U.K. Journal subscriptions
arc sold on a volume basis only: single issues arc not available separately. Claims for nonreceipt of issues
should be made within three months of publication of the issue or they will not be honored without charge.
Subscriptions are available for microform cditions. Please write for details.

REPRINTS AND PHOTOCOPYING OF INDIVIDUAL ARTICLES. Copics of individual articles may
be obtained from publisher’s own document delivery service which provides on-demand publishing at
appropriate fces, or by obtaining a license directly from the publisher at the address above. The license
will not be extended to certain kinds of copving. such as copying for general distribution. for advertising
or promotional purposes, for creating new collective works, or for resale, nor will the license extend to
any individual or company specifically advised by the publisher in writing that consent is being cxpressly
withheld.

The publishers are not members of the Copyright Clearance Center, and have not entered into agreement
with any other copyright payment centers in any part of the world. Accordingly. the license from the
publisher includes the right to photocopy beyond the fair use provisions of the US and most other copyright
laws. Please note howcever that the license does not extend to other kinds of copying. such as copyving for
general distribution, for advertising or promotion purposes, for creating new collective works. or for resalc.
It is also expressly forbidden to any individual or company to copy any article as agent, cither express or
implied. of another individual or company.

© 1988 Gordon and Breach. Science Publishers. Inc.

All rights reserved. No part of this publication may be reproduced or utilized in any form or by any mcans.
electronic or mechanical. including photocopying and recording. or by any information storage retricval
system, without permission in writing from the publisher,

Conuments and Comments on Plasina Physics and Controlled Fusion are registercd trademarks of Gordon
and Breach, Science Publishers. Inc.

Distributed by STBS Ltd.. Onc Bedford Strect. London. WC2E 9PP, U K.
Printed in the U.K. by Bell and Bain Ltd.. Glasgow.

AUGUST 1988 Issue

Can Plasma Spin-Up in Field-Reversed Configurations
Be Reduced?

If the plasma spin-up in field-revesed configurations is really due to particle losses
on open magnetic field lines, a way to reduce the torque should be to introduce
magnetic divertors on the separatrix.

Key Words: field-reversed configurations, divertor, plasma spin-up, separatrix

Several mechanisms, such as torsional waves induced by end short-
ing," particle losses on open magnetic field lines?~* and velocity—
space particle losses,® have been conjectured in order to explain
the apparent angular acceleration of the plasma commonly ob-
served in field-reversed configuration (FRC) experiments. How-
ever, the real mechanism has not been confirmed yet.

Here a combined mechanism, resulting from particle losses on
open magnetic field lines and velocity—space particle losses, is
adopted to qualitatively show that a net torque on the plasma
should arise from particle diffusion.

Describing (in cylindrical coordinates r, ¢, z) an axisymmetric
FRC through the poloidal magnetic flux function U(r,z) = 27w X
6 dr'r'B,(r', z), where B, is the z-component of the magnetic
field, choosing ¥ < 0 inside the separatrix (b = 0 surface) and
> 0 outside and neglecting electric fields, it is possible to show
thatz in the absence of collisions, a positively (negatively) charged
particle can promptly escape the FRC if its canonical angular mo-
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mentum, Peo = MoVeal T q.W2mc (where o refers to particle
species), is greater (lower) or equal to zero.®

Supposing that at the beginning of diffusion the macroscopic
rotational velocities of ions and electrons are much smaller than
their thermal velocities, and that collisions giving rise to particle
diffusion across the separatrix are also able to maintain there a
Maxwellian-like distribution of particles, at a given instant, prac-
tically half of the ion (electron) density at the separatrix corre-
sponds to particles with positive (negative) canonical angular mo-
mentum of the order of (mKT)"?r(z)[ - (mKT,)""*r{(z)], where
r,(z) is the radius of the separatrix at z. Such particles should leak
from the separatrix in a thermal transit time, with a much greater
probability than particles with opposite momentum. As they es-
cape the system, collisions should replace them, giving rise to a
continuous diffusion process. For T, comparable to T;, owing to
the difference of masses, for each electron—ion pair escaping through
the separatrix a net positive angular momentum should be carried
away and an opposite momentum (owing to the conservation law)
should appear in the bulk of confined plasma, which should spin-
up in the direction of plasma current. As diffusion goes on, the
macroscopic angular velocities of the species should increase and,
possibly, an unbalance between the number of ions and electrons
leaking from the separatrix could arise. This should give rise to an
clectric field, the torque should be modified and a more quanti-
tative analysis, beyond the aim of this Comment, could be con-
venient.

However, if the plasma spin-up is really due to the loss of par-
ticles with preferentially oriented canonical angular momentum on
open magnetic field lines, a way to reduce the torque would be to
facilitate the escape of ions (electrons) with negative (positive)
momentum. This can be achieved if regions outside the separatrix,
and in contact with it, of negative s exist (where the magnetic field
lines are open or touching the wall), i.e., circular divertors. In this
case no preferentially oriented canonical angular momentum is
needed in order for a charged particle to escape the closed magnetic
field line region, so for each ion—electron pair escaping with pos-
itive momentum there is another pair with opposite momentum
that has almost the same probability to be lost in a thermal transit
time. Therefore, the original spin-up mechanism is uneffective and
the torque on the plasma should be strongly reduced.
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FIGURE 1 Schematic drawing showi i iffusi i
s Schemati FRC,mg showing particle diffusion strecamlines (dashed lines)

Using the stationary model for slowly diffusin
kal' and Kulsrud,” Auerbach and Congit have sﬁg\:varjr?l?:totfhlgrduiz
fusion streamlines in a Hill’s vortex should cross the separatrix in
a sp_readed way.8 This should also be the case for all topological
equlvglent FRC, i.e., separatrix surrounded by the > 0 region
(sge Fig. 1). However, for the Maschke—Hernegger solution9§0 in
which the separatrix is a cylindrical box with two circles where the
magnetic field vanishes (such circles correspond to stagnation cir-
cles cpnnecting the separatrix to exterior regions of positive and
negative ), the plasma diffusion flow should be concentrated on
those circles, since the loss of particles due to the finite conductivity

of the plasma has been shown to become singul .
line."12 (See Fig. 2.) ingular on any stagnation

¥ >0
Z

FIGURE 2 Schematic drawing showing particle diffusion streamlines (dashed lines)

in a Maschke-H -li i i i i
in 2 Masc ernegger-like FRC in which the singularity at the stagnation circle
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In principle, one circular divertor on the separatrix should be
enough, and it would be very interesting to check it experimentally
(the author thinks that this should be easier than to demonstrate
it quantitatively on theoretical grounds).

In general, with divertors, some degradation in transport prop-
erties should be expected, and also translation would be impos-
sible; however, the benefits could be worthwhile since, if rotation
is reduced in FRC, perhaps the m = 2 destructive instability will
not appear (or at least be delayed) and multipole stabilization will
be unnecessary. Moreover, multipole stabilization also deterio-
rates transport since magnetic surfaces are broken.

In order to support this idea it is interesting to point out that
recently, at MIT, the wobble instability in a linear mirror device
has been suppressed thanks to a circular divertor in the middle of
the machine.!® Moreover, a similar proposal has been formulated
by T. Hellsten,'* in order to stabilize free boundary modes in
poloidal magnetic field confinement devices.

Finally, the implementation of the divertor system could allow
an experimental check of the conjecture that plasma rotation FRC
is due to particle losses, with preferentially oriented angular mo-
mentum, on open magnetic field lines.
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