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Polarized plasmas may prove useful for fusion reactors

A casual cocktail-party inquiry by
Maurice Goldhaber (Brookhaven) has
set in motion the detailed examination
of a quite novel approach to fusion in
magnetic-confinement reactors. Last
winter Goldhaber asked Harold Furth,
director of the Princeton Plasma Phy-
sics Laboratory, whether he had ever
considered polarizing the nuclear spins
in a magnetically confined reactor plas-
ma. The answer was no, basically be-
cause naive zonsiderations lead one to
expect that such a polarized hot plasma
would much too quickly become ther-
mally depolarized.

But the depolarization mechanisms
in a reactor environment had never
been examined in detail; and if one
could keep a fusion plasma highly po-
larized long enough, several very desir-
able consequences could be exploited.
Therefore Goldhaber and Furth, to-
gether with Russell Kulsrud and Er-
nest Valeo of Princeton, set out to
calculate the depolarization rates that
would result from various mechanisms
in a toroidal or mirror fusion reactor,
and to examine the benefits one could
expect from various polarization
schemes. In a recent Princeton Plasma
Physics Laboratory Report,' discussed
at the International Conference on
Plasma Physics (Géteborg, Sweden, 9-
156 June), Kulsrud and his coworkers
reach the surprising conclusion that a
polarized D-T, D-D or D-He® plasma
would maintain its polarization against
collisions at better than 95% for about
100 seconds in a magnetic fusion reac-
tor—five times the life expectancy of a
plasma nucleus in a tokamak.

The benefits to be expected from the
polarization of a D-T, D-D or D-He?®
plasma—enhancement of desired fu-

sion Cross sections, suppression of un-
wanted reactions, and control of the
direction of emergence of fusion pro-
ducts—would of course come to nothing
ifone were unable to supply the reactor
with adequate inputs (amperes) of po-
larized nuclei at acceptable power cost.
Happily, two recently developed tech-
niques for producing polarized nuclei in
profusion show promise in this regard.
'Agroup led by Will Happer (Princeton)
has been investigating® the polariza-
g : "

Spin=1

b
T

14.1 MeV

Deuterium~tritium fusion at reactor energies proceeds primarily through an intermediate spJ
% resonance of He®, 107 keV above the sum of the D and T masses. A deuteron-triton
in a spin-'% state mll contribute almost nothing to the fusion cross section. Thu:
align all D and T spins parallel to the reactor's magnetic field, the fusion cro:
enhanced by 50%. The emerging energetic alpha and neutron come
gular distribution that would be particularly useful in mirror mac
protons (neutrons). Each spin-S state has 25+ 1 po

with optically pumped rubidium.
chard Cline, Thomas Greytak a

ield protons with 99% polarization.
Both groups expect that their methods
can be applied straightforwardly to
produce amperes of highly polarized
deuterons. The optical pumping tech-
nique, Happer told us, should also be

directly applicable to He® which, like

0031-5228 / 82 / 0BOO 1705 7 $01.00 @ 1982 American Institute of Physics

3.5 MeV

than #= 2, sin®d an-
"~ Open (shaded) circles are
@ orientations,

xenon, is a noble gas.

In most fuslon reactlons of light nuclei,
some spin states contribute much more
strongly to the cross section than oth-
ers. For example, the most commonly
considered reaction for fusion reactors,
D+ T—+He* + n, goes almost entirely
through the spin-¥; state. Because the
deuteron and triton have spin 1 and Ys,
respectively, and orbital angular mo-
mentum can be neglected at reactor
energies, this implies that these two
heavy hydrogen nuclei will fuse most
frequently when their spins are aligned

PHYSICS TODAY / AUGUST 1982 17

Physics Today (August,

R. M. Kulsrud, H. P. Furth,
E.J. Valeo and M. Goldhaber

1982)

The benefits to be expected from the
polarization of a D-T, D-D or D-He®
plasma-—enhancement of desired fu-
sion cross sections, suppression of un-
wanted reactions, and control of the
direction of emergence of fusion pro-
ducts—would of course come to nothing
ifone were unable to supply the reactor
with adequate inputs (amperes) of po-
larized nuclei at acceptable power cost.
Happily, two recently developed tech-
niques for producing polarized nuclei in

profusion show promise in this regard.
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