
LHC preparations change gear 
Simulated higgs bonanza. The decay of a 
higgs particle into 4 high energy muons, 
superimposed on the dense background of 
secondaries from LHC proton-proton colli
sions, as it would appear in the silicon pixels of 
the CMS central tracker. 
(Photo EX 20.10.1994/01) 

A fter the formal approval by 
CERN Council in December 

(January, page 1) of the LHC proton-
proton collider for CERN's 27-
kilometre LEP tunnel, preparations 
for the new machine change gear. 
Lyndon Evans becomes LHC Project 
Leader, and CERN's internal struc
ture will soon be reorganized to take 
account of the project becoming a 
definite commitment. 

On the experimental side, the full 
Technical Proposals for the big 
general purpose ATLAS and CMS 
detectors were aired at a major 
meeting of the LHC Committee at 
CERN in January. These Technical 
Proposals are impressive documents 
each of some several hundred 
pages. (Summaries of the detector 
designs will appear in forthcoming 
issues of the CERN Courier.) The 
ALICE heavy ion experiment is not 
far behind, and plans for other LHC 
experiments are being developed. 

Playing an important role in this 
groundwork has been the Detector 
Research and Development Commit
tee (DRDC), founded in 1990 to 
foster detector development for the 
LHC experimental programme and 
structured along the lines of a tradi
tional CERN Experiments Com
mittee. 

Established under the Director 
Generalship of Carlo Rubbia and 
initially steered by Research Director 
Walter Hoogland, the DRDC has 
done sterling work in blazing a trail 
for LHC experiments. Acknowledging 
that the challenge of LHC experimen
tation needs technological break
throughs as well as specific detector 
subsystems, DRDC proposals have 
covered a wide front, covering 
readout electronics and computing as 
well as detector technology. Its first 
Chairman was Enzo larocci, suc
ceeded in 1993 by Michal Turala. 

DRDC's role was to evaluate 
proposals, and make recommenda
tions to CERN's Research Board for 
approval and resource allocation, not 
an easy task when the LHC project 
itself had yet to be formally approved. 

Over the years, a comprehensive 
portfolio of detector development has 
been built up, much of which has 
either led to specific LHC detector 
subsystems for traditional detector 
tasks such as tracking and 
calorimetry, or has fed through 
positively into the thinking behind 
new approaches. 

Over the years, this has covered 59 
separate proposals, involving more 
than 2,000 physicists from some 250 
institutes and industrial centres, a 
third of which are from non-Member 

States of CERN. An 'average' project 
includes 60 researchers and 11 
institutes. 

Now, with LHC approved and with 
first Technical Proposals for detec
tors tabled, the immediate task of the 
DRDC is seen as accomplished, and 
very successfully. After the final 
DRDC meeting at CERN on 26-27 
January, the task of overseeing 
ongoing LHC-focused R&D passes to 
the LHC Committee (LHCC), helped 
by a new infrastructure. 

Three sub-committees, LHC Re
view Boards for Computing, Electron
ics and Detectors (respectively 
LCRB, LERB and LDRB, the first two 
having been formed one year ago) 
will now share common open ses
sions. Thus the valuable R&D forum 
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The ATLAS experiment for LHC has chosen a 
liquid argon route to the important task of 
electromagnetic calorimetry. The problems of 
signal transportation and shaping have been 
solved by arranging the plates in an 'accor
dion' pattern. 
(Photo CERN EX 32.9.1993/4) 

that DRDC provided will continue. As 
well as monitoring ongoing R&D, 
these bodies will provide technical 
assistance to the LHCC, particularly 
to referees of technical proposals. 

History 

When plans for a new generation of 
proton supercolliders began to be 
discussed in the 1980s, first in the 
US and then in Europe, it became 
clear that the experiments that would 
exploit these beams would have 
something to reckon with. 

The sheer scale of these experi
ments explored new territory - even 
the mighty underground caverns 
constructed for LEP were not big 
enough. On these scales, the granu
larity and precision of detectors, and 
their installation (alignment) and 
operation (cooling), as well as the 
civil engineering itself, all pose 
special problems. 

This extends across the whole 
detector front - particle tracking and 
identification, calorimetry, and muon 
detection. Many problems are exac
erbated for work with the heavy ion 
beams which will produce a thicket of 
thousands of tangled tracks from 
each collision. 

In addition to event complexity, the 
actual event rates needed to open up 
this physics had special implications. 
At the US Superconducting 
Supercollider, with a planned lumi
nosity of some 10 3 3 c m 2 s~\ physi
cists had to grit their teeth. But 
CERN's LHC, constrained by the 
existing LEP tunnel to smaller ring 
than the planned SSC, had to trade 
its lower collision energy for higher 
event rates, pushing for higher 
luminosities, above 10 3 4 . 

It took the foresight and drive of 
Carlo Rubbia to first shout LHC's 

high luminosity warcry, and the 
DRDC ensured that the initially 
daunting implications of this message 
fell on fertile ground. 

To handle such event rates, with 
kilowatts-worth of secondary particles 
produced in each detector, elements 
must withstand intense radiation 
levels. The tight bunching (25ns) of 
the LHC beams means lots of 
events, with hundreds of particles in 
each crossing of the beam bunches. 
To disentangle separate events and 
handle all this data needs electronics 
working reliably in the high Mega
hertz region and on-line processing 
to digest data on the Terabit (10 1 2) 
scale. 

'At these event rates, it is like trying 
to locate one person in the whole 
world every few seconds,' says 
Michal Turala, now head of CERN's 
ECP (Electronics and Computing for 
Physics) Division, where much of this 
development work is now focused. 

Huge detectors pulsating with 
Megahertz signals would broadcast 
unwelcome interference, and new 
signal switching and transmission 

techniques have to be sought. 
While plans for SSC detectors in 

the US pushed ahead, in Europe the 
Italian-funded LAA scheme, launched 
in 1987, was the first new effort to 
focus specifically on the challenge of 
LHC physics. A special workshop 
organized by ECFA (European 
Committee for Future Accelerators) 
in Barcelona in 1989 provided the 
first major gathering of specialists, 
soon followed by the milestone 
ECFA LHC workshops in Aachen in 
1990, and at Evian in 1992, which 
provided the first sketches of how 
LHC detectors might look. 

As well as technical goals such as 
new detection techniques, radiation 
hardness and high processing and 
transmission rates, this work had to 
take in its stride the rapid evolution of 
modern technology. Planning for 
experiments to take the floor ten 
years from now means forecasting 
with some confidence how tech
niques will develop and exploiting 
how price/performance ratios will 
(hopefully) continue to work in users' 
favour. 
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Engineering services 
We're not too big to provide cost effective and quality solutions at Cern 

• Inspection Services 
% High Integrity Welding 
• Manufacture 
• Site Installation 
• Project Management 
• Support 

Through pur commitment to Research and 
Development we have developed a wide variety of 
services, ideal for research establishments. On 
going development is dedicated to the provision of 
industry leading technology It enables us to offer, 
for example, specialist self tempering weld 
procedures, negating the need for further heat 
treatment, or welding and machining equipment 
capable of remote operation in inaccessible and 
confined areas. 

Ultrasonic probe array for pipe weld inspection. 

I N D U S T R I A L P O W E R G R O U P 

Rolls-Royce Nuclear Engineering PO Box 31, Derby, DE24 8BJ. England. Tel: +44 1332 661461 Fax: +44 1332 622935 Contact:- Leeann Newman. 
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Application-Specific Integrated Circuit (ASIC) 
developed for the FERMI readout microsystem 
for LHC calorimetry, containing 930,000 
transistors on a chip 17x11 mm. This work has 
already aroused interest in other areas of 
nuclear instrumentation, as well as video 
systems and radar imaging. 
(Photo CERN EX 7.8.94) 

The DRDC effort so far has in
volved a total of 2,100 physicists and 
engineers, representing some 250 
research centres. Besides taxing the 
ingenuity of physicists to develop 
new detectors which provide high 
precision and high speed, as well as 
being radiation resistant, this work 
also calls for close collaboration with 
industrial specialists, and it is in this 
area where DRDC has been particu
larly influential. 

Such technology includes revolu
tionary areas such as growing new 
crystals, exploiting new semiconduc
tor materials, etching fine detector 
structures, the replacement of wire 
conductors by optical fibres, the 
development of applications-specific 
integrated circuits (ASICs), and a 
deep reappraisal of the role of 
software, always very manpower-
intensive. 

Examples 

The terrain covered by the 40-odd 
proposals on the DRDC books is so 

wide and diverse as to defy sum
mary. However the ATLAS and CMS 
Technical Proposals include many 
lessons learned from the DRDC 
programme, together encompassing 
the outcome of over 40 DRDC 
projects. In calorimetry for example, 
CMS is looking at crystals while 
ATLAS favours a liquid argon ap
proach. The 'menu' originally in
cluded 'spaghetti' and 'shashlik' 
calorimetry, using scintillating optical 
fibres, but which find limited applica
tion in the LHC environment. 

Across a wider front, pixel and 
semiconductor strip detectors, 
microstrip gas chambers, straw tubes 
and many other designs are no 
longer viewed as audacious and are 
available virtually off-the-shelf for 
new requirements. 

For particle tracking close to the 
beam pipe, semiconductor sensors 
and pixel technology can help pin
point individual particles fast and with 
micron precision inside dense jets. A 
promising newcomer is the microstrip 
gas chamber design, with two-
dimensional or pixel readout. These 

designs resemble semiconductor 
technology rather than conventional 
gas detectors and provide good 
space resolution, avoiding the insta
bilities when conventional chamber 
wires become overcrowded. 

Although so-called 'straw' tubes are 
still also considered somewhat 
innovative, they are based on the 
classic Geiger-Muller tube geometry, 
suitably rescaled for today's use. 
With a radius of a few millimetres and 
appropriate gas and electric field 
configuration, they provide a rela
tively simple solution to good and fast 
space resolution in a harsh radiation 
climate. 

While many of the proposals attack 
specific solutions for LHC detector 
subsystems, other studies are more 
generic. Microelectronics is one such 
particular theme. With the develop
ment of miniaturization, more and 
more processing power can be 
installed on chips directly inside the 
sensitive detector elements, obviat
ing the need to carry the signals 
outside for subsequent processing, 
reducing both cabling and power 
dissipation. 

However in LHC these chips will 
have to operate in a very hostile 
environment, constantly bombarded 
by high energy particles. Space 
research and military applications 
have pushed industrial development, 
and attractive new ranges of radia
tion-resistant chips available both in 
the US and in Europe could be 
exploited for particle physics. 

Handling the rapidly-arriving LHC 
signals and coordinating and syn
chronizing the triggering procedures 
needs fresh approaches. Despite the 
use of laser drivers, optical fibre 
connections and optoelectronic 
receiver packaging are too bulky for 
the confines of a particle physics 
detector, and new, miniature solu-
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As the subject of research and development 
work are the object-oriented software tech
niques required to handle the complexities of 
LHC collisions. This shows the subtasks of 
track reconstruction for the CMS central 
tracker. Each 'object' encapsulates specific 
tasks, or responsibilities, which are linked in a 
global architecture or 'object design'. The 
different responsibilities can be 'messaged' 
when requested. 

tions have to be found. 
The detector readout chain needs 

temporary data storage (buffering) at 
a number of levels. Memory manage
ment for buffering uses micro-
programmable sequencers. 

With a ten-year lead time, software, 
and particularly software documenta
tion, has additional implications. The 
routines still have to be transparent 
and flexible even if the software 
author has departed long ago. 
Object-oriented languages and Com
puter Aided Software Engineering 
(CASE) tools have to be extensively 
used, and these skills are being 
introduced into the physics environ
ment. 

Overall, the size and complexity of 
both LHC experimentation and the 
machine itself needs sophisticated 
control systems to safeguard opera
tion and optimize performance. 
Ongoing R&D work at CERN looks at 
the expertise available, or being 

developed for power plants, satellite 
monitoring and other complex auto
mation systems. This work, which 
involves industry, foresees a 'cortex' 
approach with a highly distributed 
heterogeneous control system. 

Five years down the line, the 
DRDC's goal of significant intellec
tual, professional and technological 
progress has been achieved. The 
challenge of LHC experimentation 
has been met, and plans for detec
tors are well advanced. Beyond LHC, 
the potential of some techniques has 
been realized for a wide range of 
studies, including medical applica
tions. 

(A detailed 316-page summary of 
DRDC results - The CERN Detector 
R&D Programme 1990-1994, CERN/ 
DRDC 94-48 is available from Mme. 
A. Anton, CERN AS/SI, CH-1211 
Geneva 23, e-mail 
anton@cernvm.cern.ch) 

Physics 
monitor 

CERN 
Energy amplifier 

Even under the heavy burden of 
responsibility as CERN's Director 
General from 1989-3 the fertile mind 
of Carlo Rubbia the scientist was 
never still. A long-time Rubbia 
'hobby' has been the search for new 
sources of nuclear energy, exploiting 
knowledge and skills from high 
energy physics. 

An initial objective was to adopt 
heavy ion techniques to induce 
controlled thermonuclear fusion, but 
in 1994 this quest changed direction. 
Putting the problems of thermonu
clear fusion aside, Rubbia began to 
explore an alternative route to energy 
production through controlled nuclear 
fission. 

The idea is to use a particle accel
erator producing neutrons by 
spallation (interaction of particles with 
a target) to feed a fuel/moderator 
assembly where the neutrons multi
ply by fission chain reactions. If the 
energy liberated becomes substan
tially greater than that needed to 
drive the accelerator, the process 
has a net gain and becomes self-
supporting. Hence the name "Energy 
Amplifier" (EA). 

Similar systems for energy produc
tion or for nuclear waste incineration 
have been proposed at Los Alamos 
and in Japan and Russia, but appear 
to require the prior development of 
innovative linear accelerators. For 
Rubbia's Amplifier, the requisite 
accelerator is a reasonable extrapo
lation of an existing cyclotron such 
that at the Swiss Paul Scherrer 
Institute. 

Moreover, the EA would require fuel 
rods very similar to those of conven
tional reactors, rather than demand-

CERN Courier, April/ May 1995 7 

mailto:anton@cernvm.cern.ch

	vol35-issue3-p003-e.pdf
	vol35-issue3-p004-e.pdf
	vol35-issue3-p005-e.pdf
	vol35-issue3-p006-e.pdf
	vol35-issue3-p007-e.pdf

