
Stanford 
survives 7.1 shock 

in the Study Week, wi th some 30 
companies represented. Speakers 
included delegates f rom the Nor
wegian Centre for Industrial Re
search and from Micron, UK, cov
ering silicon research, ABB-HAFO 
covering manufacture of radiation-
resistant analog chips, Hamamatsu, 
Japan, wi th new photonic detec
tors, BDH, UK, wi th crystal fabrica
t ion, Schott, West Germany, wi th 
scintillating glass and fibres, and 
Bofors, Sweden, wi th work for the 
Delphi experiment at CERN. M. Lea 
f rom Brunei University and ASPEX, 
UK, reviewed the rapid evolution of 
embedded parallel structures. S.-O. 
Flycht of Philips in the Netherlands, 
one of the most faithful participants 
f rom industry to meetings of this 
type, surveyed how fruitful con
tacts wi th industry had developed. 
Finland too was an interesting case 
history. 

Representing the Commission of 
the European Communities, C. 
Whi te explained the procedures for 
requesting support. This funding 
could go on to become a very im
portant stimulus for ongoing indus
trial cooperation. 

The rapid progress of the past 
t w o years boosts confidence for 
building LHC detectors to contend 
wi th the proposed high collision 
rates. When more effort becomes 
available after the construction and 
commissioning of the LEP detec
tors at CERN, this R&D work 
should not only continue but ex
pand, capitalizing on the head start 
given by the Italian-funded LAA 
programme. 

From Enrique Fernandez and Goran 
Jarlskog 

Although relatively near the epicentre of the 
San Francisco earthquake, the Stanford Li
near Accelerator Center (SLAC) suffered 
minimal damage. 

The Monday morning of 16 Octo
ber looked like the start of a quiet 
week at the Stanford Linear Accel
erator Center (SLAC). After a suc
cessful six-month physics run, the 
SLC Stanford Linear Collider was 
shut down to begin scheduled up
grades and the installation of t w o 
vertex detectors for the Mark II de
tector. Then at 5.04 p.m. the next 
day, the Earth's crust had had 
enough. A major earthquake meas
uring 7.1 on the Richter scale 
rocked the San Francisco Bay Area 
f rom an epicentre along the wicked 
San Andreas Fault in the Southern 
Santa Cruz mountains. 

Advancing northwards along the 
San Francisco peninsula at speeds 
up to three kilometres per second, 
the mighty shock waves radiated 
outwards, ripping through the bed
rock of 25 million-year-old Miocene 
sandstone on which SLAC rests, 
shaking the Laboratory wi th accel
erations of up to a third of that in
duced by gravity on the Earth's 
surface. The violent shudder lasted 
for twenty seconds. 

People dashed for doors or di
ved under desks to avoid the hail 

SLAC 

Epicentre 

of ceiling tiles, books and other 
falling objects. Physicists standing 
on one of the teetering endcaps of 
the SLD detector (being prepared 
for its SLC career) clung to its rail
ing, hoping the upright iron slab 
would not topple onto the concrete 
floor fifty feet below. A hapless 
technician suspended in a bucket 
f rom the overhead crane swung 
helplessly to and fro above the 
gaping pit as the thousand-ton 
crane slid back and forth in its 
tracks. 

Minutes later, after the main jolt 
had passed but the Laboratory still 
quivered in the numerous after
shocks, staff began to look at the 
damage. Miraculously, nobody was 
hurt. Primary damage to buildings 
and equipment seemed relatively 
minor - a few wall cracks, some 
minor leaks, a vacuum chamber 
torn open at its seams, broken 
transformers, ground faults in mag
nets and power supplies. 

The lack of serious damage tes
tified to the foresight in building 
SLAC according to stringent stan
dards which far exceeded those of 
local building codes, and to the vi
gilant watchdog work of the Earth
quake Safety Committee. For years 
its members had gained in unpopu
larity by badgering all and sundry 
to bolt cabinets to walls and se
cure anything that could topple. 
Overnight they became heroes. 

As people looked more carefully, 
more secondary damage was un
covered. Most worrisome for the 
immediate future of SLAC were the 
small misalignments in the linear 
accelerator waveguide and of the 
magnets in the SLC arcs. In his 
'State of S L A C talk the fol lowing 
Monday, Director Burton Richter 
said these problems would delay 
the SLC schedule by at least a 
week and perhaps up to three 
months. 
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Using a laser aimed down the alu
minium tube supporting the t w o -
mile copper waveguide of the main 
linear accelerator, surveyors found 
a one-centimetre dip where the 
machine had been built on landfill 
rather than sandstone. However 
settling had happened before, and 
good solutions had been found. 
More problematical were small 
shifts of the thousand or so mag
nets used to bend and guide elec
trons and positrons through the 
SLC arcs. Getting these magnets 
properly positioned in the first 

place had been no easy task, and 
realignment would not be much ea
sier. 

The t w o SLC detectors survived 
wi th only minor damage. Mark II 
developed a water leak in a heat 
shield, and bearings were damaged 
in the structure supporting its end-
caps. Most impressive was how 
SLD survived, even though only 
partially assembled. Its endcaps 
swayed but did not topple; its 
600-ton liquid-argon calorimeter 
rocked inside its enormous dewar, 
but four huge 'earthquake snub-

bers' at the ends worked as de
signed and damped out the vibra
tions. 

While SLAC was lucky to have 
avoided the devastation that hit the 
rest of the Bay Area in the Great 
Quake of 1989 - the most des
tructive to hit the US since 1906 -
it reaped the benefits of years of 
foresight and planning for just such 
an eventuality. 

From Michael Riordan 

Applying the accelerator 

Originally developed as tools for 
frontier physics, particle accelera
tors provide valuable spinoff ben
efits in applied research and tech
nology. 

These accelerator applications 
are the subject of a biennial meet
ing in Denton, Texas, but the in
creasing activity in this field re
sulted this year (5-9 September) in 
the first European Conference on 
Accelerators in Applied Research 
and Technology, organized by K. 
Bethge of Frankfurt's Goethe Uni
versity. 

The meeting reflected a wide 
range of applications - ion beam 
analysis, exploitation of nuclear mi-
crobeams, accelerator mass spec
trometry, applications of photonu-
clear reactions, ion beam process
ing, synchrotron radiation for semi
conductor technology, specialized 
technology,.... Even so, an equally 
wide range of topics could not be 
covered, including radiation therapy 

and ion beam surgery, radiation 
processing of food and polymers, 
waste sterilization and pollution re
duction, mineral prospecting, ex
plosive detection,.... 

Ion beam analysis 

Ion beams are used to analyse ele
mental composit ion in many differ
ent research fields (materials 
science, metallurgy, geology, biolo
gy, medicine, archaeology, art,....). 
The main techniques used are -
Rutherford Backscattering (RBS), 
Proton-Induced X-ray Emission 
(PIXE), Charged Particle Activation 
Analysis (CPAA) or Nuclear Reac
tion Analysis (NRA), Secondary 
Ionization Mass Spectrometry 
(SIMS), Particle Desorption Mass 
Spectrometry (PDMS), and Ex
tended X-ray Absorption Fine 
Structure (EXAFS) using synchro
tron radiation. 

Many of these techniques are 
now well established and have 
their own tightly knit communities. 
NRA, well suited to light elements 
in heavy substrates (metals), is 
emerging in metallurgy and is being 
used particularly in studying the 
new generation of high-tempera
ture superconductors, revealing 
what a sample really is, rather than 
what it was intended to be before 
its constituents were made to 
react. 

CPAA is useful for ultra-low con
centrations and in wear studies. 
Applicable to most elements, it is 
sensitive down to one part per bil
lion (10~9). A range of ion energies 
(1-45 MeV) probes depths ranging 
from microns to millimetres. In 
wear studies, a thin surface layer is 
activated, and the consequent drop 
in activity reflects the underlying 
wear process. An example is the 
effect of acid-alkali level on corro
sion in nuclear reactor materials. 
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