
Working with high collision rates 

In its role of monitoring the evolu
tion of particle physics, anticipating 
needs for new accelerators, and 
stimulating the development of 
suitable instrumentation to exploit 
these new facilities, the European 
Committee for Future Accelerators 
(ECFA, appointed by the communi
ty of CERN Member States) has re
cently organized a series of work
shops on the possible long-term 
projects for CERN (see page 1). 

Wi th the LHC proton collider for 
the LEP tunnel emerging as the 
main contender for immediate con
sideration, the main aim of a recent 
ECFA Study Week on 'Instrumen
tation Technology for High Lumi
nosity Hadron Colliders' was to re
view progress and to critically eval
uate candidate detection tech
niques and data handling methods 
for the very high collision rates 
foreseen for LHC, wi th luminosities 
exceeding 1 0 3 4 per sq cm per s. 

The Study Week was held at 
Universitat Autonoma in Barcelona 
f rom 14-21 September wi th spon
sorship f rom the university, the Cl-
CYT of Spain, CERN and the Com
mission of the European Communi
ties. It had attracted 220 partici
pants including 35 f rom industry, 
and good representation f rom 
groups planning experiments at the 
US Superconducting Supercollider 
(SSC). 

The meeting began wi th a sur
vey of all hadron collider projects 
approved or under discussion. High 
energy proton designs now have to 
take account of synchrotron radi
ation, hitherto the concern only of 
electron machine builders. From 
the presentation of G. Brianti, it is 
clear that CERN has done its LHC 
homework and is ready for a pro
ject definition. 

I. Hinchliffe underlined physics 
issues and the energy-luminosity 
trade-off. Related detector require

ments were reviewed by P. Jenni 
(calorimetry) and D. Saxon (track
ing). The UA2 calorimetry experi
ence is promising, however vertex 
measurements for an event-by-ev
ent identification of such processes 
as heavy quark production appears 
to be very difficult. 

Illustrating SSC preparations, B. 
Pope and N. Di Giacomo covered 
the EMPACT (air core toroid) de
tector, where industry is already in
volved. S. Ting sketched how one 
of the LEP detectors might be ad
apted for LHC running. 

Sessions covered the whole 
spectrum of instrumentation. Scin
tillating fibres are looking good, 
having proved their wor th in the 
UA2 experiment at CERN's proton-
antiproton collider for tracking and 

Scintillating fibres are the subject of increas
ing attention in the search for new detector 
techniques. This CCD microphotograph 
shows a bundle of 30-micron diameter 
fibres with only the central fibre illuminated 
and low intensity scattered light in the 
neighbouring fibres. Part of the Italian-
funded LAA scheme, this development work 
aims at precision particle tracking. Pioneer 
work in the use of fibres for tracking was 
carried out at the UA2 experiment at CERN's 
proton-antiproton collider (June 1987, 
page 9). 

in a preconverter to an electromag
netic calorimeter. R&D on scintillat
ing fibres is one of the main lines 
of the Italian-funded LAA project at 
CERN. PMP has been successfully 
explored as a fibre dopant. 3HF 
fibres appear sufficiently radiation-
resistant for LHC central tracking 
and calorimetry. Very thin fibres 
are now available in multibundles 
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half a millimetre across f rom Kyo-
wa in Japan. Dopant level can be 
adjusted to minimize crosstalk. The 
LAA group is investigating a prom
ising idea where position as well as 
timing information can be pre
served using a new type of delay 
tube attached to an image intensi
f ies 

A lively session on silicon strip 
and pad detectors showed that de
velopment of more radiation-resist
ant silicon diodes and other struc
tures is underway at several 
centres. A double-sided strip de
tector is being developed for the 
Aleph experiment at CERN, while 
silicon drift and pixel detectors are 
also progressing. Proposals have 
been tabled for SSC central track
ing and some calorimetry using 
available silicon techniques. How
ever it could be difficult to recon
cile LHC's tight construction sched
ule wi th the relatively long factory 
turnround times for new silicon or 
gallium arsenide solutions. Of par
ticular interest is the construction 
of large integrated readout struc
tures on the detectors themselves, 
for example using full wafers. 

Traditional drift chamber struc
tures are not suitable for LHC's 
high luminosity conditions, but F. 
Sauli's menu included maccheroni, 
cannelloni or fettuccine, all w i th at
tractive geometrical features includ
ing small drift distance and isolated 
anode readout where the death of 
a single cell is not a disaster. The 
'fettuccine' design wi th strip elec
trodes deposited on a glass sub
strate looks especially interesting. 
Radiation damage is becoming bet
ter understood. 

Wi th no surfaces that can be da
maged, recyclable liquids are good 
candidates for the difficult radiation 
conditions of forward detectors. 
The cheapest opt ion, liquid argon, 
has relatively slow response requir-

Prototype multi-drift module, also developed 
in the context of the LAA project, with a 
hundred independent drift cells, each 2.8 
mm across, in a carbon fibre envelope, with 
high density electronics achieving compara
ble proportions. The window (for studying 
edge effects) is temporary, and would be 
absent in production versions. 

(Photo CERN 544.4.89) 

ing long gating times. Other noble 
liquids such as xenon and krypton 
are faster, and, provided bulk sup
plies can be tapped at reasonable 
prices, would be an attractive pro
position. Liquid xenon chambers 
have been studied recently because 
of their promise for electron/pion 
discrimination using both light and 
ionization signals. Room-tempera
ture liquids provide another line of 
attack. 

Among crystalline materials, 
BGO, barium fluoride and pure ce
sium iodide are the most interest
ing, however their radiation resis
tance at LHC levels is not known. 
New materials may yet appear, 
while radiation resistance, light 
sensors and low noise analog cir
cuits require further investigation. 

'Straw' proportional chambers 
wi th multilayer polypropylene tubes 
around a single wire would be an 
effective electron identifier wi th 
good position resolution as well . 
Polyethylene foam between layers 

could enhance the transition radi
ation effect. 

A high proportion of the invest
ment in a future collider experiment 
goes into front-end electronics, 
triggering and data acquisition sys
tems. Here sophisticated solutions 
f rom industry can be adapted. RISC 
computers may give enough com
puting power (1000 V A X Mips), 
and improved magnetic storage 
media could increase the data stor
age capacity by another factor of 
100. More of a worry are the front-
end electronics requirements, data 
transfer f rom the detectors to the 
controls, and the development of 
standard acquisition systems. As 
recently-appointed ECFA Chairman 
J.E. Augustin of Orsay pointed out 
in his summary, electronics and 
data acquisition may well turn out 
to be the cornerstone of future 
systems, wi th development work 
warranting correspondingly high 
priority. 

Industry took a very active part 
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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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