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Description
The dipole magnetifield is the magnetidield far from a single,circular currentloop. The use of alipole
magneticfield to confine ahot plasmafor fusion power generation wafirst considered by Hasegaw&¢mm.
PlasmaPhysics,1987]. In this configuration, a relatively smallperconductinging floats within alarge
vacuum chamber. The dipole confinement concejiaged onthe idea of generating pressure profiles having
gentle gradients and being stablealblow-frequencymagneticand electrostatic fluctuationd=rom ideal MHD,
marginal stability results when thessure profilsatisfies theadiabaticitycondition, dpV¥) = 0, whereV is
the flux tube volume ang= 5/3. For usual magnetic confinemeasvices,this constraintannot besatisfied,
and MHD stability must be provided by field-line averaging and magnetic shear. In cdmcastse ofhe large
dimensions of the dipole plasma on the outer radius of the levitated coil, the pressure profile can scadiusvith
as rapidly asR—29/3 andstill remain absolutely MHD stable to betaatler 100%. Becausethe coil set for a
possible dipole fusiopower source is verlow weight and axisymmetric, operation is inherentyeadystate,
easy tomaintain, and potentially of low unit costBecausethe dipole conceptpermits high betawithout
magnetic shear, theonceptmay beappropriate toadvancedfusion fuels, such as BHe. Conceptuateactor
studies have supported the possibility of an attractive fusion power source using a levitated dipole.

Status

» The scientific literature for dipole confinement includsgsace-basedbservationsand theory, laboratory
experiments, and fusion theory. This understanding establishes a bridge from the high-beta cordlrssmeat
in planetary magnetospheres to the confinement expected in levitated dipoles—where hotvjlalseneonfined
for many collision times. The understanding gained fdevades ospaceplasmaresearctsupports thdevitated
dipoles as a fusion confinemedevice. Approximately adozen studies have been published specifically
addressing the use of dipole-confined plasmas for energy production opsppaksion. Finally the CTXdevice
at Columbia University has illustrated th&ability properties of collisionlesenergetic electronsonfined by a
dipole magnetic field.

» The first experiment to investigate the levitated dipole concept is presmaidyconstruction at MIT as pint
project between Columbia University and MIT. First plasma is expected in the year 2000.

Current Research and Development

R & D Goals and Challenges

» An essential first step for the understanding of the scientific feasibility of a levitated dipole is a laboratory test of
confinement properties of suchdavice. The LevitatedDipole Experiment (oLDX) has beerdesigned taest
the scientific feasibility ofevitated dipole confinement &igh beta. Construction of the experimdrggan in
July, 1998. A major technical challenge has been met through the collaboration betpe®oenducting magnet
technology expertand innovative experiment design: large current(1.3 MA) must besustained in a ring
having low massAnother challenge is to complete mafetailedmodeling of dipole power sourcekimited
reactor engineering studies are now underway.

Related Research Activities
The conceptual development of the dipole fusion concept has been inspired by space plasnendpldietary
exploration. Continued exploration of magnetospheric plagfoagxample, the exploration of the lo plasma
torus that surrounds Jupiter and the development of physics-based models ofesithegwill add tothe cross-
fertilization of this area of plasma science. Although the dipole plasma confinement concepdlicaladeparture
from the better knownoroidal-basednagnetic confinement concepts, a scientific investigatiomadnetized
plasma confinement with high compressibilijll add insight to these other morgaditional confinement
concepts. In the technologyea,the development ofdvanced andhigh temperature superconductossll aid
significantly in thereactorconceptualization of a dipole power source. Experimeniavestigate low-density,
non-neutral plasma confinement with a levitated dipole device are planned for the University of Tokyo.

Recent Successes
The engineering design dfie LDX facility is almost complete. The majfabricationitems, including the
vacuum chambeand the floating coil are either under construction or awaiting final selection efndor.
Theoretical research supporting the possibility of classical confinement in a dipdiieedplasma wasecently
published.

Budget
The LDX project budget in FY99 is $1.2M which is divided between Columbia University and MIT.
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Anticipated Contributions Relative to Metrics

The levitated dipole confinement concept k@s potential to be an attractive fusipawer sourcevhile at the

same time contributing to the understanding of magnetospbleygics. Theelative simplicity of the magnetic

field structure and the good understandingplaismaconfined inplanetary magnetospheres indicttat plasmas
confined by levitated dipole magnets will have (1) high peak lxt0§6) and volume-averageéngineeringoeta

(= 10%), (2) excellent field utilizatiore(90%), and (3) sufficient confinement to ignite3Ble fuel. Because the
plasma equilibriumand magnetic geometry is essentiatlgtermined bysustainablecurrent in superconducting
magnets, thalipole fusion concept is disruptioffree andpromises to be highly reliable. Sin¢g) the particle

flux to the floating ring is 100%e-cycled,(2) the shear-freemagneticfield allows convection of fusion ash
without energy confinementlegradationand (3) the outer plasmaurface isopen, accessibleand naturally-
diverted, poweiand particle handling should be superior to other magnetic confinement concepts. The dipole is
best suited for BHe fusion fuel, and this may lead to a reduction in fusion’s adverse impact on the environment.

Near-Term < 5 years
Investigate, for the first time in the laboratory, high-beta plasma having near classical energy confinement scaling
for time-scales longomparedwith particle andenergy confinemertimes. Comparexperimental observations
with theory. For this purpose, the LDX experiment has been concaidedesigned athe lowest cosapproach
for investigating the key physics issues while simultaneously maintaining dugfidence ofits technical
success. The experimentapproachtakes two
stages. First, multipldrequencyECRH (with | 500 cm -
frequenciesetween 6and 28GHz) will be used Hot Plasma
to produce gopulation ofenergetic electrons at i
high B~ 1. This technique has beenproven
effective in magnetic mirror experiments.g
Constance and Tara). Based on experience 4,
generating hot electrons within mirrors and
within CTX, the creation and maintenance of
high beta plasmas using few 10's of kW of
ECRH power is expected. Secondly, after
formation of the highB hot electronplasma,fast
deuterium gas puff techniques e injection of
lithium pellets will beused tothermalize the T
energy stored in the hot electrons and to raise the
plasma density. The resulting thermal plasma
will provide a test of the MHD limitsand of the
confinement of a thermal plasma inlevitated
dipole.
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Mid-Term ~ 20 years
Design and construction of proof-of-principle dipole confinement experiments wilipbkrate with plasma
parametergesembling those which might beund in fusion power sourcesBetter understanding of the
possibility of practical sources 8He fuel.

Long-Term > 20 years
Successful operation of a fusion power source and an assessment of the applicabifftyeoflipelefusion for
commercial energy and for space-craft power and propulsion.

Proponents and Critics Claims
A dipole power source has the possibility of being steady state with classical confirmgaibigh 3. Compared
with a tokamak it would not requiring current drive; it is disruption free; and it has a natural divertalipdlee
has a relatively simple magnetic configuration which does not have interlocking coils. On the critical side, the
internal floating ring provides a technical challenge. In a reactor embodiment, the large diameter of the outer wall
may result in arundesirablesmall power flux (although a number oflesignoptions could amelioratehis
problem.) Convective cellsould lead to enhancettansport; however, at marginal profiles they npagvide a
mea%s to fuel and to remove ash. The dipole concept is most compatible with the burning of advansedHuels,
as D=He.



