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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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of the Finmeccanica Group well 
known in the physics world for 
Ansaldo's superconducting magnets 
and radiofrequency cavities) acquired 
the design licence in 1992 from INFN 
and markets the machines under its 
Quadrics label. Alenia Spazio has 
around twenty orders for Quadrics 
machines to date, and has already 
delivered around ten to end-users. 

Half these orders have come from 
Germany - an important sign of the 
recognition this Italian technology is 
gaining. A second interesting aspect 
is that the total computing power of 
APE/Quadrics machines either built 
or on order exceeds that currently 
installed in all supercomputing 
centres in Europe or in Japan, and is 
a close second to the total installed 
capacity in the United States. This 
clearly offers a great opportunity for 
promoting supercomputing applica
tions in Italy and across Europe to 
attack the many industrial and 
research problems which can only be 
solved efficiently by these new 
techniques. 

By Nicola Cabibbo 

(As well as being a distinguished 
theoretical physicist, Professor 
Cabibbo is a former President of the 
Italian INFN and is now President of 
ENEA, the Italian agency for energy 
research and technological innova
tion. He was leader of the APE 
project.) 

How to handle spins. Schematic view of the 
HERA MiniRotators showing: (top) how a 
rotator manipulates the beam entering from 
the arc, and (below) how it manipulates the 
polarization direction so as to tilt the polariza
tion into the horizontal with a minimum of 
design orbit distortion. 

POLARIZED BEAMS 
1 - Longitudinal 
electron spin 
polarization at HERA 

Wednesday 4 May marked a 
turning point in the art of the 

manipulation of spins in electron 
storage rings: longitudinal electron 
spin polarization (with the spins 
oriented along the electrons' direction 
of motion) was established in the 
electron ring of HERA, the electron-
proton collider at DESY in Hamburg. 

A polarization level of about 55% 
was obtained and polarizations of 
over 60% were reproducibly obtained 
in the following days. The beam 
energy was 27.52 GeV, correspond
ing to half integer spin tune of 62.5. 
This is the first time in the history of 

high energy electron storage ring 
physics that the naturally occurring 
transverse spin polarization has, with 

the aid of spin rotators, been con
verted to longitudinal polarization. 
This opens up a wide new range of 
physics opportunities at HERA from 
spin structure functions to precision 
tests of the standard model of 
electroweak interactions. 

In electron storage rings the syn
chrotron radiation emitted as electron 
beams are bent by vertical guide 
fields can cause the spins to point 
opposite to this guide field direction. 
This effect was predicted by Sokolov 
and Ternov in the early 1960s. Initial 
(transverse) polarization was seen in 
HERA seen after commissioning 
(March 1992, page 18). 

For longitudinal polarization, the 
equilibrium polarization direction 
must be rotated from vertical (in the 
arcs) to longitudinal just before the 
interaction region and then back to 
the vertical just before the arc. This 
provides the best of both worlds: the 
Sokolov-Ternov mechanism, which is 
only efficient if the equilibrium spin 
direction is in the bending field 
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