
Meeting the demands of future colliders 
A mock-up of how CERN's big 27 kilometre 
tunnel could look towards the end of the de
cade. Above the low field magnets for the 
LEP electron-positron collider (which came 
into action last summer) are the powerful 
superconducting 'two-in-one' magnets for 
the high energy proton beams of the pro
posed LHC collider. With the LHC and US 
Superconducting Supercollider (SSC) pro 

jects posing technological challenges for de
tectors, electronics and data processing as 
well as machine design and construction, re
search and development work is pushing 
ahead across a wide front, providing a foun
dation for the physics of the next millenium. 
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The challenge 

Physicists are very aware of 
the challenge of developing 
and building detectors and in
strumentation for the next 
generation of proton colliders 
- the US Superconducting 
Supercollider (SSC) and 
CERN's LHC. The accompany
ing articles highlight special 
problems in electronics and in 
computing, but the effort 
underway extends over a 
wider front. 

For LHC at CERN, physics 
and detector working groups 
continue to investigate the 
opportunities, and an LHC 
Workshop on Physics and In
strumentation, sponsored by 
the European Committee for 
Future Accelerators (ECFA) 
and held in Aachen from 4-9 
October, will review thinking 
so far and point the way 
ahead (May issue, page 27; 
for further information bitnet 
reithler at dacth 51). 

At CERN, the Italian-funded 
LAA project led by Antonino 
Zichichi continues to blaze a 
new technological trail on the 
detector front. 

For the SSC, ongoing de
tector research and develop
ment will be highlighted in a 
symposium at Fort Worth, 
Texas, from 15-18 October. 
For further information bitnet 
detrd at sscvxl. 

Electronics 

The need for electronics in elemen
tary particle physics has grown ex
ponentially as higher energies and 
higher beam intensities have rapidly 
increased the number of data ac
quisition channels and support 
functions required by experiment
ers. While research has always re
quired state-of-the-art instrumenta
tion, the demands of the next gen
eration of hadron colliders sur
passes all precedents. 

How we got here 

In contrast to user demands, bud
gets for particle physics have not 
expanded exponentially, and the in
creased need for instrumentation 
had to be counterbalanced by re
ducing the electronics price per 
channel. So far this has been 
achieved by using industry stan
dards and new technologies. 

Standards bring economies of 
scale and common utilities (crates, 
power supplies, interfaces, soft

ware libraries, etc). Thus the same 
Fastbus IEEE-960 multi-hit drift 
chamber time to digital converter is 
used by a Brookhaven heavy ion 
experiment, a Fermilab hadron col
lider group, and electron-positron 
collider groups at Stanford and at 
CERN. 

Technologies have evolved from 
discrete components and TTL inte
grated circuits, to hybridized cir
cuits, to simple semi-custom appli
cation specific integrated circuits 
(ASICs), and finally to fully custom
ized ASICs, the latter development 
following from the expanding size 
and contracting price syndrome. In 
addition, the problems of testing a 
semi-custom design as well as mi
grating the design from an engi
neering run to production were oft
en more difficult than developing 
the original idea! 

Future hadron colliders -
a new environment 

The requirements of running at the 
proposed US Superconducting Su
percollider (SSC) and CERN's LHC 
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A promising candidate for the next genera
tion of particle detectors is the 'spaghetti 
calorimeter' developed at CERN by the Ital
ian-funded LA A project. Using a compact 
construction of scintillating fibres embedded 
in a lead matrix, the technique aims for rapid 
electron/pion discrimination, together with 
high resolution measurements of electronic 
and hadronic showers and the 'missing en
ergy' signal of neutrinos and other possible 
invisible particles. This 20-ton detector is 
now being tested at CERN. 

(Photo CERN 322.5.90) 

will dwarf those of today's experi
ments. These requirements in
clude: 
- bunch spacings measured in 

nanoseconds rather than micro
seconds 

- 30 nanosecond flight times for a 
relativistic particle 

- half nanosecond timing accura
cies for multi-hit drift chamber 
electronics 

- analog-digital converters to 
measure calorimeter data with 
20 bits dynamic range and up to 
14 bits resolution 

- interaction times a thousand 
times higher than at present, and 

- ten times more data per event. 
Additional restrictions and prob

lems include: 
Pipelines : to provide a time de

lay to form the first level trigger all 
data must be stored in analog or 
digital pipelines for a few micro
seconds. Analog storage compo
nents such as switch capacitor ar
rays or CCDs and digital techniques 
such as flash ADCs with fast digital 
memory arranged as FIFO are 
possible solutions. Power, cost, 
clock noise and simplicity of opera
tion will eventually determine the 
best solution. Currently switch ca
pacitor arrays are preferred but 
much work is underway on CCD 
and flash ADC technologies. 

Trigger : Trigger information will 
follow its own pipelined routing 
through the first level trigger logic. 
Data from a particular beam cross
ing arrives at the ends of its stor
age pipeline at the same time as 
the first trigger is completed. The 
data is then either discarded as it 
falls out of the pipes or retained for 
the next level of trigger decision. 

The second level trigger uses 
primary data (rather than trigger 
signals), so that if the original stor
age pipelines were analog, the data 

has to be converted first. Dedi
cated or reduced instruction set 
processors will compute track seg
ments or more detailed energy de
positions from this data and the 
events either passed to a process
ing 'farm' for complete reconstruc
tion or else suppressed. 

Radiation hardness : while 
awaiting the outcome of reliable 
estimates, one thing is sure - the 
conditions will be hotter than any
thing instrumented in particle phy
sics to date. Even the stringent de
mands of defence applications may 
not be relevant. Several semicon
ductor processes, including simple 
bipolar, MOS and others may have 
to be excluded. CMOS, special bi
polar and GaAs are among the bet
ter candidates. 

Power : requirements will have 
to be cut by a factor of 20. As an 
example, simple fibre optic trans
mission with the LED transmitters 
on the chambers would not be 

acceptable because of too much 
heat generated in too small a 
volume. Appropriate technologies 
(CMOS) and separate power lines 
will help. An interesting new idea 
from ETH Zurich uses remote light 
sources, individual 'modulators' on 
each chamber channel and off-
chamber receivers. 

Space : with proposals calling 
for hermetic detectors, each detec
tor layer should have as close to 
full solid angle coverage as pos
sible. Little room is left for elec
tronics, much less the cabling or 
heat removal plumbing. A recent 
suggestion incorporated integrated 
signal/control paths in the detector 
using cable harness technology 
from medical applications. 

Reliability : new levels of relia
bility and fault tolerance will de
mand both revised architectures for 
capturing data and new electronics 
design rules. Space, avionics and 
defence experience may help. 
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Another LAA development is HARP (Hierar
chical Analog Readout Pipeline Processor) -
a general purpose electronics design aimed 
at high rate hadron colliders, of which an ex-
oerimental 64-cefl pipeline is shown here. 
The design is the result of a collaboration 
between CERN and the Norwegian Centre 
for Industrial Research, Oslo, and is pro
duced in Belgium by Mietec N. V. 

Density : space, power, noise sen
sitivity and reliability restrictions 
will continue the trend of designing 
multi-channel ASICs. Sixteen to 64-
channel designs are now being dis
cussed. 

Detector-mounted electronics 

the next generation of hadron col
liders presents us with a critical di
lemma. They will need several 
hundred thousand channels per de
tector subsystem at a cost of less 
than $10 per channel. With an 
overhead for cooling, power, sup
port, etc, of about $10 per chan
nel, branch/crate/module-type el
ectronics of the CAMAC, VME, 
Fastbus or VXI genre won't work. 

Despite contradictions imposed 
by radiation hardness, power and 
space, the economics of data ac
quisition are overwhelming. Most 
designs being considered mount a 
substantial portion of the front-end 
electronics directly on the instru
ment and integrate the entire elec-
pronic chain into the logical and 
physical structure of the detector. 

Electronics will have to use new 
techniques like flexible circuit 
boards. Signal processing and mul
tiplexing of the data on the detec
tor will help minimize cabling. Fibre 
links could then get the data out of 
the detector and into a computer 
'farm' for further in-line processing 
and higher level trigger decisions. 

Aware of the problems, com
mercial, laboratory and research 
groups are now working together. 
They are meeting the challenges 
today so that by the end of this de
cade the next generation of experi
ments will be ready to make their 
contributions to physics. 

By George Blanar, 
LeCroy Corporation 

New computing 
techniques 
Motivated by the increasing com
plexity of high energy and nuclear 
physics experiments now entering 
an accelerating phase with CERN's 
LEP electron-positron collider and 
continuing with plans for LHC and 
SSC experiments, the first inter
national workshop on Software En
gineering, Artificial Intelligence and 
Expert Systems in High Energy and 
Nuclear Physics was held in Lyon 
(France) earlier this year. 

Physics simulations, equipment 
designs, detector and accelerator 
control, on-line data taking and 
data analysis, all computing related 
activities absorb a huge part of the 

financial and manpower resources 
of these experiments. However 
software support and performance 
are lagging behind the huge in
crease in power of computer hard
ware. 

Recently developed techniques 
of software management and ex
pert systems may bridge the gap 
and become an essential ingredient 
of the success of these projects, 
but these techniques and methods 
still have to be integrated and ac
cepted by the research community. 

Software engineering covers the 
tools and methods needed to at
tack large applications in an effi
cient, reliable and well-documented 
way. Various approaches from the 
LEP experiments showed the need 
for a multi-version, multi-system, 
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