
Industry and spinoff 

Physics - will be in September in 
Austria at Baden-bei-Wien, followed 
in November by the Joint CERN-US 
school (this year also including 
Japan) in Maui, Hawaii with its 
subject "Frontiers of Accelerator 
Technology". 

May 1995 will see a repeat of the 
Cryogenics and Superconductivity 
School near DESY, co-sponsors of 
this Hamburg event. September 1995 
sees the sequel to the Basic Course, 
now called "Consolidation", to indi
cate a level less esoteric than the 
previous "Advanced School". This will 
be in the charming mountain town of 
Eger in Hungary. 

Further details of these courses 
may be had by either sending an e-
mail to USPAS@FNALV.FNAL.GOV 
for Maui, or for the Cryogenics and 
Superconductivity School to 
CASDESY ©CERNVM.CERN.CH or 
by writing to Mrs. S. von Wartburg at 
CERN. 

Free-electron lasers 
considered for CEBAF 

S pinoff development of industrial 
free-electron lasers is in pros

pect for an industry-university-
laboratory consortium centred at the 
Continuous Electron Beam Accelera
tor Facility in Newport News, Virginia, 
site of the CEBAF 4 GeV supercon
ducting radiofrequency (SRF) accel
erator, now being commissioned 
(see page 42). 
Together with several US corpora

tions and universities, the Laboratory 
is now also addressing the potential 
of smaller SRF electron accelerators 
for "driving" free-electron lasers 
(FELs). The envisioned light sources, 
with variable wavelength and high 
average power, would tailor the 
surface characteristics of polymers, 

composites, ceramics, and metals for 
use in manufactured products. 
Although conventional lasers have 

cost and performance limitations, 
laser light in principle has character
istics useful for industrial surface 
processing. Its high brightness and 
coherence can deliver high power 
densities onto material substrates. Its 
monochromaticity allows precise 
matching to typical narrow-band 
absorption. In short pulses, it modi
fies surfaces without the counterpro
ductive side effect of bulk heating. 
Moreover, it is environmentally 
benign, unlike wet-chemical surface-
processing methods that produce 
large amounts of waste. 

A conventional laser typically 
produces a single wavelength deter
mined by the lasing medium's 
atomic, ionic, or molecular structure. 
But an FEL, which electromagneti-
cally manipulates a driver accelera-
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Lasers in action. Laser-microroughened 
polyester surface. 
(Micrograph courtesy of M. J. Kelley, DuPont.) 
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Average power/wavelength yield for a planned 
technology-demonstrator free-electron laser by 
a consortium centred at CEBAF. Conventional 
excimer, alexandrite, Nd;YAG, HF, and C02 

lasers have single, fixed wavelengths; the FEL 
produces a narrow line that can be tuned 
across the shaded area. 

tor's beam of unbound (free) elec
trons, can be tuned throughout a 
wavelength range by varying the 
input electron energy or the electro
magnetic field. 

With SRF, an FEL would acquire 
the additional useful characteristic of 
high average power, thanks to the 
input beam's continuous-wave 
nature. SRF's virtual absence of 
ohmic losses allows high energy 
efficiency and the transport of high 
currents. Energy recovery - recycling 
most of the driver electron beam's 
energy - would further minimize 
power consumption and the produc
tion of waste heat and radiation. An 
SRF-based FEL would also deliver a 
picosecond pulse for precisely 
tailored energy absorption, as op
posed to a conventional laser's tens 
of nanoseconds. 

CEBAF's industrial collaborators 
expect SRF-based FEL light to prove 
useful for modifying a given mate
rial's near-surface region, making its 
structure, topography, or chemistry 
different to the underlying bulk. Often 

the state of the modified surface 
would be far from thermodynamic 
equilibrium. Commercialization 
possibilities include fibre and polymer 
film products, composite structures, 
metal finishing, and microelectronics. 

The electron micrograph (page 20) 
depicts a polyester fabric surface 
microroughened by deep ultraviolet 
(248 nanometre wavelength) light 
from a conventional excimer laser. At 
this scale - ridges a few microns 
apart - laser microroughening imparts 
new friction, wetting, filtration, and 
appearance characteristics in a 
polymer film or fibre. If a cost-effec
tive laser system were developed, 
these characteristics could be ex
ploited commercially in areas such as 
better adhesion for forming 
multicomponent film products or 
composite structures, more effective 
fibres for use in filters, and improved 
"feel" in synthetic fibre fabrics. 
Industry collaborators in the Q E B A F -
centred proposing consortium include 
DuPont, 3M, Xerox, A T & T , and IBM. 
University members are Delaware, 

Hampton, North Carolina State, Old 
Dominion, and William and Mary. 
The consortium has proposed build
ing an FEL user facility at CEBAF. 
A kilowatt-scale FEL with wiggler 
magnets for both infrared and ultra
violet output would demonstrate the 
technology, and an array of user 
laboratories would allow develop
ment of the prospective industrial 
applications. Based on this work, 
development would ensue on a 
scaled-up 50 to 100 kW prototype 
device for production use at industrial 
sites. 

The accompanying graph illus
trates the proposed kilowatt demon
strator device's wavelength-tunability 
and average-power advantages over 
conventional lasers. Of particular 
industrial interest are the deep 
ultraviolet wavelengths (below about 
350 nanometres). To be fully realized 
in the 50 to 100 kilowatt scale-up is a 
cost per photon below a penny 
($0.01) per kilojoule - a tenth to a 
hundredth of that for conventional 
lasers, and well within manufacturers' 
cost-effectiveness constraints. 

The accompanying diagram shows 
the kilowatt demonstrator FEL 
system concept. An electron beam 
originates in a high-voltage DC gun 
(under construction at CEBAF) with a 
photoemission cathode. The beam 
then transits a two-cavity SRF 
quarter-cryomodule, reaches 10 
MeV, and enters the driver accelera
tor, an array of three cryomodules 
containing a total of 24 cavities. 
Using recirculation transport arcs for 
a second pass, the driver accelerates 
the beam to an FEL input energy of 
up to 200 MeV. 

Next the relativistic accelerated 
electrons undulate transversely in the 
sinusoidal magnetostatic field of 
either the infrared or the ultraviolet 
wiggler. The resulting light output is 
initially spontaneous emission, but 
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the light bounces back and forth 
inside an optical cavity until it is 
amplified to saturation. The light is 
sent via optical beamlines to user 
areas for industrial applications 
development. 

Typically about 1% of the electrons' 
energy is converted to light. The 
remainder undergoes energy recov
ery, being returned to the SRF 
cavities, where most of it is converted 
back to RF power at the cavities' 
resonant frequency. The decelerated 
beam is then dumped. CEBAF 
demonstrated energy recovery during 
a 1992 SRF recirculation experiment. 

Although FELs have shown sub
stantial promise for basic research, 
the CEBAF effort would be the first 
US attempt to introduce FELs in 
manufacturing. US National Aeronau
tics and Space Administration 
(NASA) head Daniel Goldin, recog
nizing potential SRF-based FEL 
applications for aerospace, spon
sored a March 1994 peer review of 
this proposal. A panel of industry, 
accelerator, and light-source experts 
confirmed industry's need for the 
technology and strongly endorsed 
the consortium's approach. 

The kilowatt demonstrator free-electron laser, 
with beam recirculation, energy recovery, and 
both infrared and ultraviolet output. 

Computers go APE 

A supercomputer is - in a nutshell -
an enormously powerful compu

ter. The APE (Array Processor 
Experiment) 100 supercomputer 
developed by Italy's National Institute 
for Nuclear Physics (INFN) performs 
one hundred billion arithmetic opera
tions per second - around one 
hundred thousand times the speed of 
a personal computer, or ten thousand 
times the speed of the kind of work
station used by design engineers or 
many research labs. 
This huge increase in performance 

opens the way to many applications 
inconceivable with a normal compu
ter, such as simulating the behaviour 
of the earth's atmosphere to study 
climate change, or simulating the 
combustion process in a large power 
plant and observing in detail the 
development of each chemical 
reaction to obtain accurate estimates 
of pollutants. 

Supercomputers also make it 
possible to create "virtual laborato
ries." Rather than analysing the 
aerodynamics of a vehicle or an 
airplane by building a model and 
studying its behaviour in a wind 
tunnel, with a supercomputer the 
airflow can be simulated. The test 

can easily be repeated whenever a 
design change is made, without 
having to build a new model. 

Why have physicists studying 
elementary particles become in
volved in designing supercomputers? 
These machines are used in particle 
physics research to simulate the 
behaviour of quarks, the ultimate 
components of the atomic nucleus. 
The behaviour of quarks inside a 
proton, like that of airflow around a 
vehicle, is governed by relatively 
simple mathematical equations, but 
to date it has not been possible to 
obtain their complete solution. 

This is where supercomputer 
simulation comes in, and in 1984 a 
team of Italian theoretical physicists 
associated with INFN embarked on a 
project to design a supercomputer. It 
was the inception of the first APE 
project, followed in 1988 by the 
APE100. 

The APE project was conceived 
because computers with the desired 
performance were either not avail
able, or available only at prices 
running into tens of millions of dol
lars. APE was a world pioneer in the 
field known as parallel computing, 
which attains extremely high perform
ance by harnessing together a large 
number of computing units similar to 
those used in workstations. 

The APE team devised a new 
construction architecture that allows 
more than 2000 computing units to 
be run in parallel at maximum effi
ciency, and a special microprocessor 
giving an extremely compact assem
bly. The APE100 supercomputer, 
with its 100 GFIops, the most power
ful ever built anywhere in the world, 
fits into the equivalent of just four 
standard electronics racks. 

The APE project is a fine example 
of how the results of advanced 
research can be transferred to 
industry. Alenia Spazio (a subsidiary 
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