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the existence of truncated forms of kB that
contain the ligand-binding domain but not
the kinase domain®, it may be that there is a
combinatorial heterogeneity to this system,
in that the neurotrophin receptors may inter-
act or cross-compete for soluble factors.
‘Nerve growth factor” has long been con-
sidered something of a misnomer because
NGF seems to do nearly everything except
stimulate neurons to divide. One striking
aspect of the current work is the finding that
NGF actually works through a canonical
growth-factor receptor, that is, a protein-
tyrosine kinase receptor. Moreover, this

receptor has oncogenic potential when
deregulated. Apparently, the pathways used
in signalling cell division in mitogenic cells
can be exploited to quite different effect in
post-mitotic neurons. The identification of
trk as a component of the biologically
relevant NGF receptor should guarantee
rapid progress as the lessons learnt from
study of the mitogenic receptor kinases are
applied to NGF biology. O
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The moment of truth nears

Richard D. Petrasso

Tue generation of copious, energetic,
charged fusion products (%-particles) and
the deposition of their energy within the fus-
ing plasma are pivotal issues for the achieve-
ment of fusion energy. With less than nearly
perfect o energy input, the plasma cannot
sustain the high temperatures (250 million
K) needed to maintain deuterium-tritium
fusion reactions. In preparation for the first
ever experiments on deuterium-tritium
plasmas in July 1993 — to occur in the US
Tokamak Fusion Test Reactor (TFTR) — a
workshop* was held last month to debate the
critical issues regarding the plasma physics of
a-particles and tritium operations.

Since the first fusion experiments in the
early 1950s — conducted mainly with de-
vices called pinches, mirrors and stellarators
— all magnetically confined plasmas have
been principally composed of weakly fusing,
nonradioactive hydrogen isotopes, either
hydrogen (mass 1) or deuterium (mass 2).
But it was understood that with the eventual
attainment of high-quality fusion plasmas,
experiments would switch to a mixture of
deuterium and tritium (mass 3), the latter
being a radioactive B-emitter. Despite the
special care required in handling tritium, the
overriding reasons for its choice are, first,
that the deuterium{d)~tritium(t) reaction

d+t - a(3.5 MeV) + n (14.1 MeV)

has by far the largest reaction rate and, sec-
ond, that it occurs at the lowest temperature
(n is an energetic neutron, which in principle
would be used to power conventional gen-
erators, and o is an energetic He** nucleus).

The large kinetic energy of the o and neu-

*The 1st Workshop on Alpha Physics in the Tokamak Fusion
Test Reactor, Princeton, 28—29 March 1991.
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tron results from the strong nuclear inter-
action which converts 0.4 per cent of the
deuterium and tritium mass into energy. In
contrast ordinary chemical reactions are a
million times less energetic, though they too
derive their energy by converting mass (as in
mc = E). But it is precisely because of this
million-fold enhancement that, on the one
hand, the frightful power of the hydrogen
bomb has been realized and, on the other,
two generations of physicists and engineers
have pursued the goal of fusion energy. One
of the principal results of this effort has been
the tokamak, a toroidal plasma-containment
device in which a large magnetic field (about
50 kilogauss) and plasma current (around 3
megamp) thread the torus, thereby inhibiting

the loss of energetic plasma particles.

of the 1950s were a factor of 107 below this
ignition threshold. In the past few years
TFTR! and JET? (Joint European Torus)
obtained plasma conditions which, had they
been operating with deuterium—tritium
under identical conditions, would have
momentarily achieved a Tnrt a factor of 20
and 6 below this threshold. (For JET,
T=250%10° K; n=3.7%X10" em>3; and
t=1.1s.) Thus although neither tokamak will
achieve ignition — nor were they designed to
— each can be expected to produce measur-
able amounts of o power (2 megawatts) and
o-particles (3 X 10%® s*%) if using deuter-
ium-~tritium fuel. But most of all, several criti-
cal issues can be experimentally addressed
for the first time.

One such issue is the energy and particle
transport in a deuterium~tritium plasma (D.
Post, TFTR). Although one might not ex-
pect that changing from one hydrogen iso-
tope to another would notably affect the
transport, experience teaches otherwise. For
example, plasmas of pure deuterium typi-
cally run hotter than those of pure hydrogen,
and this is partly reflected in a larger value of
7. A corollary is, however, that impurities are
also better confined in a deuterium plasma?;
if inadvertently injected in too large quan-
tities, these could radiatively quench the
plasma, as occurred on the record JET dis-
charge®*. Thus it will be important to investi-
gate whether the empirical scaling for the en-
ergy confinement, t~m’?/ P2, still holds
(m; is the ion mass and P the total absorbed
power), and whether impurities are more
likely to reside within the plasma precluding
a significant and sustained value of Trr.

A second crucial question is what fraction
of a-particles will be either kicked out by in-
trinsic plasma instabilities — such as by saw-
tooth oscillations and higher-frequency
magnetic perturbations (8. Zweben, TFTR;
see figure) — or execute a process known as
stochastic diffusion whereby they make a
rapid random-walk out of the plasma before
depositing their energy in the plasma, which
takes 0.3 s according to classical calculations

A figure of merit that repre-
sents the quality of any fusion
plasma, be it the Sun’s coreor a
tokamak, is Tnt, where Tis the
central ion temperature, n the
central ion density, and 7 the
overall energy confinement
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time (the duration for which
the plasma thermal energy can
be effectively contained). For a
deuterium—tritium plasma to @
ignite — that is, for the ®-
energy input to sustain the 250

il

X 10° K temperature against
thermal and radiative losses —
Tnt =~ 6 X 102 K cm™* s (the
value in the hydrogen-burning
solar core, by contrast, is a stag-
gering 5X10 K ecm? s: T=
15X10°K; n=10*cm>;and 1
= 3X10'*s=10 million years).
The fusion plasma experiments
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S, Zweben/TFTIR

Escaping 1-MeV tritons (upper) resulting from magnetic per-
turbations B (lower) associated with magnetohydrodyna-
mic modes. The energetic tritons are detected by particle
detectors just outside the plasma boundary. An important
issue iswhetherthese perturbations or others, such asthose
associated with the a-driven Alfvén mode, wiil eject a large
fraction of the energetic a-particles generated in TFTR deu-
terium-tritium plasmas. (Scale bar, 1 ms.)
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(R. Boivin, TFTR). In principle, each of
these effects has been observed at TFTR
through energetic protons (p) and tritons (t)
created in the fusion reaction

d+d - p (3 MeV) + t (1.0 MeV)

And in closely related work at JET (F. Mar-
cus), 14.7-MeV protons from deuter-
ium-helium-3 reactions were poorly con-
fined with a 1.5 MA plasma current, but well
confined with a 4.5 MA current unless saw-
tooth oscillations occurred. For deuter-
ium~-tritium plasmas, the crux of the issue
will be quantitative: what fraction of the o-
particles will be so affected, and how often?

A conceptually related issue is whether the
large population of a-particles will them-
selves generate and drive formerly benign or
unknown collective oscillations in the
plasma that would again result in their ‘self
ejection’. Of the class of such instabilities
that physicists theorize, none was more
widely discussed than the a-driven Alfvén
mode*”’. This instability should occur if a suf-
ficient number of a-particles have, along the
direction of the magnetic field, a component
of velocity greater than a critical velocity
called the Alfvén velocity, V, (D. Sigmar,
MIT). (The tokamak’s confining magnetic
field includes a toroidal component and a
smaller poloidal field created by the plasma
current.)

The Alfvén velocity, which depends on
the field strength ( B) and central ion density
(V.= B/j4 tmn,), is around 0.8 X 10° cm
s~! (with a field of 50 kilogauss and central
ion density of 6X10'* cm™*). The initial vel-
ocity of the 3.5-MeV a-particles is 1.3X10°
cm s~ and about 40 per cent will have a
‘parallel’ velocity component exceeding
the Alfvén velocity.

But it is also becoming apparent that two
other conditions need to be satisfied if the
Alfvén mode is to be excited. First, the num-
ber density of o.-particles at the centre must
not be less than about 0.3 per cent of the elec-
tron density. And second, the a-particles’
gas-kinetic pressure must exceed 0.003
times the magnetic pressure they experience
(B?/8x, about 100 atmospheres).

Simulations of TFTR deuterium-tritium
plasmas (R. Bundy) find all three thresholds
likely to be exceeded. But recent “o.-simula-
tion experiments” (K. Wong) on TFTR
using energetic neutral beams and deuterium
plasmas indicate that the pressure threshold
may be larger by about an order of magni-
tude’. If so, then TFTR deuterium—tritium
plasmas may be spared this particular o.-par-
ticle loss channel.

The best method of injecting tritium into
TFTR is also of pressing importance. The
most frequently discussed methods are in-
jecting it either with high-power heating
beams, or firing in tiny frozen tritium pellets.
Among other compelling arguments for
using pellets (each less than 0.01 g in mass,
equivalent to 100 curies of radioactivity),
one is that it will tend to place the tritium
mostly on the tokamak axis where it can be
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more effectively burned (D. Mikkelsen,
TFTR). Another not inconsequential benefit
is that pellet injection reduces by an order of
magnitude the total amount of tritrium in-
jected into the machine (D. Meade, TFTR).

Making maximum use of the limited num-
ber of deuterium~—tritium discharges is an-
other concern (J. Strachan, TFTR); only
1,000 or so are feasible, whereas TFTR has
already had about 50,000 hydrogen, deuter-
ium and helium discharges. For example,
should new diagnostic methods be de-~
veloped that in principle could, with some
spatial and temporal resolution, measure as-
pects of the a.-particles’ energy distribution?
Although highly desirable, the means to
measure these parameters are at present un-
tested, although serious efforts to do just that
are underway (P. Woskov, MIT). And even
if not immediately applicable to TFTR, they
might prove invaluable for the next gener-
ation of experiments.

An approach that addresses the immedi-
ate needs of TFTR is to place greater em-
phasis on proven methods that could
measure the escaping o.-particles (as with
tritons as shown in the figure). Largely in
combination with the o -particle birth pro-
file (from 14.1-MeV neutron imaging), such
measurements should reveal a clear picture
of the overall a-particle transport.

Furthermore, it will be essential to estab-
lish experimentally for each diagnostic tech-
nique — such as those used to measure the
ion-temperature profile or the plasma im-
purity content — its ability to operate reliably
in the intense neutron and +y-ray fluxes re-
sulting from the fusion neutrons. None of the
tokamak diagnostic techniques has yet oper-
ated in such a severe environment, so that
there is concern that, despite careful shield-
ing and other precautions, some measure-
ments might give false or unintelligible sig-
nals owing to the background radiations.

Finally, assuming that most of the &-par-
ticles do deposit their energy in the plasma,
what is to be done with the thermalized He**
‘ash’ which would certainly dilute the deute-
rium—tritium fuel and so extinguish high-
temperature ignition? One proposed solu-
tion (G. Miley, Univ. Illinois) is that suitable
plasma instabilities should be periodically
triggered so as to expel the ash. However,
from this and previous considerations it is
clear that a fine line has to be walked: on the
one hand energetic &-particles must deposit
their energy in the plasma; on the other, hav-
ing done so, they must be transported out.
TFTR should give us our very first glimpse of
this delicate balance. 0
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DAEDALUS

Dead Heat

Last week Daedalus proposed a novel
sound-absorber. It is a rubber plasticized
with high-pressure gas, so that the
contractile tension in the rubber matrix is
exactly balanced by the pressure of the
occluded gas. Over a wide density-range
it has no preferred volume and zero
elasticity. So sound traverses it with zero
velocity, and never gets anywhere.

Both as a perfect sound-insulator, and as
a completely ‘dead’ vibration-damper, the
new polymer/gas composite will find
innumerable applications. But Daedalus
now points out that heat is also a form of
sound; it is propagated by thermal
phonons. A gas-swollen polymer balanced
to have zero phonon-velocity should be a
perfect heat-insulator.

At last the bulkiness and inconvenience
of conventional lagging will be overcome.
Even in thin sheet form, DREADCOQ’s new
“Dead Heat” polymer will totally insulate
refrigerators and ovens, hot-water tanks
and pipes, walls and windows, floors and
ceilings, and all other surfaces through
which heat leaks wastefully away. Offices
will be fully heated by their content of staff
and computers, frozen foods and het
drinks will be sold on open shelves in Dead
Heat cartons, and a new market may open
up for well-wrapped parcels of industrial
waste heat. And on the human scale, the
unstated modern tension between fashion
and domestic heating will at last be
resolved. Respectable victorians, with
many layers of woollen underwear, could
tolerate houses at 10 °C. We demand a
wasteful 20 °C in order to show off our
bodily elegance under a minimum thick-
ness of tight-fitting clothing. But tailored in
DREADCO’s Dead Heat fabrics, even the
thinnest jeans, most figure-hugging gowns
or negligible negligees will be as warm and
comfortable as arctic survival-gear.

They may feel a bit like it, too. The new
fabrics, with their complete absorption of
movement and vibration, will insulate the
wearer from the innumerable small
touches and contacts which make up
kinetic awareness. The resulting sense of
isolation and numbness could be quite
disturbing, especially in clothes like gloves,
boots and underpants. The material may
have to be slightly unbalanced, giving it a
slight vibration-velocity.

Such a material would also make an
intriguing thermal delay-line. A high
temperature applied to one side of it would
emerge from the other side maybe hours
later. This could be very useful A
housewall of the product, for example,
could be formulated to have a twelve-hour
delay. More economical even than a total
thermal insulator, it would retard the
warmth of the day till night-time, while
allowing the cool of midnight into the
premises around noon. David Jones
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