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Continued from BL
biggest and costliest scientific de
viceinhistory.

In his eramped laboratory, Joshi
has demonstrated the feasibility of
ong of these machines, a new kind

of particle accelerator. Unlike the

super collider, which uses electri-
cal fields to crack open relatively
heavy protons, Joshi's device uses
plasma waves to slam {ogether
lighter electrons.

is “beat-wave accelerator,”
based on a theory by fellow
PUCLA professor John Dawson, us-
ey exquisitely timed laser pulses
lasting a few irillionths of a second
to push electrons almost to the

speed of light in a fraction of the

space required by today’s best
particle accelerators.

With this technology, better
particle accelerators would not
necessarily have to be bigger. That
is welcome news to policymakers
still trying to sell a skeptical Con-
gress on the value of completing a
super collider the size of an entire
county.

The laser pulses in Joshi's device
ereate an electrically agitated gas,
or plasma, rippling with very or-
derly waves. Electrong added at
precisely the right instant tend to
“surf” on these waves, picking up
speed the way people do when they
ride ocean waves,

It is a delicate and complicated

 process that relies on potoriously
unstable plasmas, Joshi conceded.

But the experimental machine in

his laboratory,  while complex
enough to be worthy of Rube
-Goldberg, shows that the idea
works—indeed, he said, “it worked
just as advertised.”
And, Joghi added, the beat-wave
-accelerator has the ability to speed
up elecirons more quickly than any
other device, so a production model
~eventually may match the power
-of some of today's miore powerful
accelerators in a2 fraction of the
space. :
Whether this technology ever
{eaves the lab depends on whether
Joshi and other researchers—beat -
wave accelerators also arve being
developed in Japan, France and
Britain—ean increase both the size
and power of their machines at a
“reasonable cost.
But even if they prove unable to
do the kind of cuiting-edge re-
© - geareh expected of the super collid-
&r, beat-wave machines still can be
useful, Joshi and Dawson said. The

telatively compact devices would .
4 . :

be easier to fi on college campuses, .

making them more accessible.
Instead of one giant machine
aceommodaiing a few collaborative
experiments-a process that forces
many scientisis to, compromise
their work--dozens of machines
could let individual researchers
pursue their own theories. Accél-
erator time could be as accessible
as- computer fime became when

‘personal computers supplanted

bulky mainframes,

In addition to benefiting re-
searchers, powerful acceleralors

could be accessible {o more hospi~

tals, where ceil-killing particle
beams {rom a number of conven-
tional machines already are used to
combat cancer, ' Beat-wave ma-

chines alsc can be used to generate

tiny bursts of light or X-rays that
would permit belter medical imag-
es using only a fraction of the
radiafion.

These electromagnetic “micro-
bursts™ also could allow scientists
to make slow-motion movies of
chernical reactions, which have
never heen seen before,

None of this occurred to Dawson
when he dreamed up the idea of
beat-wave particle acceleralors
while working at Princeton Uni-
versity in the 1970s. At the time, he
wag trying io use the coherent
amplified light in laser beams io
trigger temporary nuclear fusion
reactions, but was frustrated when
the laser created turbulence in the
reactor’s plasma fuel.

ce he worked out how the
¥ turbulence could be harnessed
{0 aceelerate electrons, potential
applications were easy to think up,
he said. )
Accelerator physicist Andrew
Sesgsler of Lawrence Berkeley
Laboraiory said the demonstration
by Joshi was a “significant step
forward” in efforis tc develop a
new generation of accelerators.
When the super collider eventu-
ally uses its unprecedented energy
to crack protons, the debris should
tell physicisis a lot about atoms:
what holds them together, what
causes some to decay radicactively,
and how those processes are relat-
od. et
But the field of particle physics
will not come i an end when the
super collider completes its work,

even if its powers help scientists

map out.the grand-unification
theory—~the so-called “theory of
everything™ that would prove a

common basis for all the basic
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UCLA's John Dawson explaing his eatly research that led to develop-
ment of a device thai uses laser puises o accelerate elections.

forces in nature. Achieving this,
which stumped Rinstein, is the
most hotly pursued goat in physics.

Scientisis have learned that dis-
coveries made by the 85C are
likely to raise a new get of ques-
tiong,

When the Greeks, for example,

first tried 2,400 years ago to divine
the most basic building blocks of
nature, they suggesied thal matter
was made up of indivisible parts
called atoms.

Savvier scientists later asked
what atoms were made of, and then
asked the same question about the
protons, neuwirons and electrons
theyv found inside. This led to the
discovery of exolic new particles
called leptons and quarks, as well
as bosons, gluons atd other parti-
cles binding them together.

At each step, the discovery of
new “elemental particles™ led {o a
fuller understanding of nature and
significant advances in electronics,
chemistry and the development of
new plastics, meials and other
materials.

Some of the particles described
in the “standard model” of atomic
siructure exist enly on paper be-
cause no one has a machine power-
ful enough to thoroughly smash
protons and find them. No one, for
example, has confirmed the exist-
ence of the “top guark” {an arbi-
trary name chosen by whimsical
physicisis} or the “Higgs beson”
{named afier & British phywsicist).

The super collider is designed to

discover these missing picces. But
-researchers suspect i cannot an-

swer all their guestions about how
these parficles interact, and it may
turn up unexpected phenomena,
such as new types of subatomic
particles.

To answer such a new sel of
questions, the next generation of
physicists would need a new, more
powerful generation of accelera-
tors.

A bigger version of the super
collider is not an option, scientists
agree. The nation could not afford
it, they said, and engineers rnight
not-even be able to build it. N

oreover, speeding up pro-
ons-—as the super collider
does~—requires far more room and
energy than accelerating lighter
electrons; so scientists around the
world have been concentrating on
designing electron dccelerators.
But to reach speeds they desire, a
machine using conventional fechs
nology would have to be prohibi-
tively big-from 4 to 18.6 miles
long—and costly —about $4 billion.

In principle, beat-wave technol-

ogy may be an alternative. Dawson.

estimated that a beat-wave aceel-
erator could push particles to de-
gired speeds in-a little more than
three mileg—one-sivth the dis-
tance needed by some of the more
conventional coltiders.

Joshi conceded that no one can
estimate the cost of a beat-wave
machine that size, and it's not
known if anyone could create a

pencil-thin plasma beamt thige
miles long. He said muech work alsé
is needed to boost the “lurninosity”
or density, of the cleciron b
created by plasma acéelerators.

For the record, Joshi siresses
that he is conteni counting: and
clocking the electrons streaming
out of his device, and irying to'stay
a step ahead of friendly competi-
tors at the University of Qsala
Japan, Eecole Pelytechnigus
France and Rutherford Laboral
in Britain.

Privately, however, heland
Dawson wonder about the grovisd-
bredking medical diagnostic devig-
es, mind-boggling microscoge
movies and world-beating pantigie
acoelerators that may walt:just:a
few experiments down the roada

“We aren’t pretending to Bé'in
competition. with [traditionall ac
celerators—yet,” Dawson
“They're building on a desig
veloped in the 1230s, so they Rave
a lot of history and experieiioe
when it comes to making
bigger and beiter, o

“Put if we can continue-oyep-
coming technical problems theway
Chan has so far, it opens up.seme
real possibilities—oodles of-ideas
that we are only just now hegin:
ning toimagine.”




