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relativistic rise than over any other topic. 
Allison (Oxford) claims that the ISIS 
device is now achieving the predicted 
resolution in ionisation measurement, but 
there were many others who have made 
similar measurements and, as Lehraus 
(CERN) has observed, can only come 
within a factor of \(2 of the goal. Such a 
factor is crucial when the effect is only a 
IOOJo change is energy-loss and one expects 
around ± 4% uncertainty in 
measurements. 

An alternative to relativistic-rise 
measurements is to use cerenkov radiation 
to separate rr, K and proton. TASSO at 
PETRA, as described by Leconte, has two 
large slices of cerenkov counters which 
penetrate through the outer part of the 
detector and cover 20% of 4rr solid-angle. 
There is a layer of aerogel counters with 
refractive index 1.023 and outside it two 
layers of atmospheric-pressure gas 
counters. This is an impressive and 
complex piece of instrumentation, yet it 
still leaves gaps- momenta at which rr, K 
and proton cannot be separated. A 
recurrent call from speakers was for even 
lighter aerogel - a gossamer-like clear 
plastic - and groups at Saclay and Lund 
claimed that they will get the refractive 
index of aerogel down to 1.006 well before 
LEP is built. The disadvantage of the 
cerenkov approach to particle 
identification is that it seriously impedes 
the other kinds of measurement which, in a 
general purpose detector, come outside the 
tracking chamber. A radical idea from 
Ypsilantis (Ecole Polytechnique) may 
overcome this by using concentric spherical 
cerenkov detectors in which particles 
would produce ring images whose size 
would give the particle type and whose 
position would give the direction. 
Successful tests have been made on the 
detection of cerenkov light by large-area 
gas counters, but a list of formidable 
technical problems still has to be solved 
before a ring-imaging central detector can 
be proposed for LEP. 

In the central region only charged tracks 
are measured. But a great deal of energy 
goes into the neutrals; rr 0 S and y-rays or 
neutrons and long-lived K0 s. To catch the 
neutrals 'calorimeters' are used. These are 
dense arrays of heavy material and 
counters in which a fraction of the energy 
from an interacting neutral particle is 
converted into analogue signals which are 
summed to give a measurement of the 
energy. For electromagnetic showers the 
requirement is a high value of the atomic 
number Z, since y-ray conversion and 
electron bremsstrahlung are proportional 
to Z 2 • The most precise energy 
measurements are those made with sodium 
iodide crystals and a number of specialised 
detectors ('crystal balls') have been used 
for y-ray spectroscopy with a small 
tracking chamber surrounded by hundreds 
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of closely packed crystals . One such device 
may be needed at LEP because there are a 
number of very important single-y decays 
which should be looked for, suchase +e- _. 
(Higgs+ y) at the zo peak, or the cascading 
y decays of the "toponium" family - an 
expected heavy analogue of the well
established tp/ J "charmonium" family in 
which the tp (3.7)-+yx processes have given 
useful information on quark binding. Less
specialised electromagnetic calorimeters 
will need similar energy resolution to the 
present lead plus liquid argon or lead 
scintillator systems, and better spatial 
resolution than all but the best of present 
detectors . Lots of new ideas for 
electromagnetic calorimetry were 
presented, including a plea by the author 
for the merits of solid argon, based on 
work by an Ecole Polytechnique-UCL 
collaboration. The new suggestion which 
was best received was the 'Time Projection 
Quantameter' - a drift-chamber filled 
with perforated lead sheets. It could not
nor could other gas-filled calorimeters -
match the energy-precision of lead-glass or 
lead plus argon but it has good spatial 
resolution and may be easier to run than 
some of the other devices. For neutrons 
and long-lived kaons a much thicker and 
coarser calorimeter is needed because the 
absorption length for strongly interacting 
particles (hadrons) is much longer than for 
electrons and y-rays. Some of the present 
detectors incorporate hadron calorimeters 
outside the electromagnetic calorimeter 
and there was considerable discussion of 
these techniques. The best material to use is 
probably uranium, which amplifies and 
feeds back the energy normally lost as slow 
neutrons, but in many cases people are 
happy to use the segmented iron return 
yoke of the track-chamber magnet. It was 
surprising to many of us that with a 
conventional solenoid around the central 
detector and with a hadron calorimeter of 
uranium plus scintillator, charged hadron 
energies above 10 GeV / c might be better 
measured in the calorimeter than in the 
tracking chamber. 

Solenoid magnets remain popular. 
There is a strong school of thought which 
advocates conventional, large-radius, low
field solenoids, rather than small supercon
ducting ones. For specialised detectors the 
'open solenoid', as used by the DELCO 
detector at Stanford, can allow particles 
out into cerenkov counters without 

100 years ago 
In a recent paper to the Belgian Academy (Bull., 
No .5) Abbe Spec contends that the spectral line 03, 
with wave-length abo ut 588, o bserved in the 
chromosphere and pro tuberances, and assigned to 
a hypothetical body, helium, whi ch some suppose 
to have a still more simple molecular constitution 
than hydrogen, probably belongs in realit y to this 
gas. As to its non-reversibilit y, he considers that at a 
very small distance fr o m 1 he chromosphere the 
sola r hydrogen may be so far cooled as to be 
comparable to that which we manipulate, and so, 
unable to ex tinguish waves which it can no lo nger 
produce, just as a stret ched cord loses the propert y 
of vibrating in sympathy if its tension ha ve been 
altered. 
Fro m Narure 22, 12 Au gust , 350, 1880. 

Nature Vol. 286 14August 1980 

interacting, but experience with the 
PETRA detectors shows that one 
radiation-length of coil does not interfere 
too badly with the performance of a 
subsequent electromagnetic calorimeter. 

One intriguing development reported at 
the meeting may turn out to be important in 
many other fields as well as in high energy 
physics. Kunz (Stanford University) 
described his 'emulating processor', a 
small cheap home-made microprocessor 
which has similar internal architecture to 
Stanford's large IBM computer. This 
allows it to execute programs which have 
been compiled on the IBM and so take 
away a large part of the 'number 
crunching' load from the central 
laboratory machine. One Stanford 
experiment now claims to have more 
computing power than two or three of the 
major international laboratories put 
together. Among other powerful electronic 
techniques which can now be considered 
there was considerable interest in 'flash 
analogue to digital converters' - devices 
developed for television purposes which 
sample an analogue level at a rate of more 
than 40 MHZ. They are expensive at the 
moment and, as an alternative, the TPC 
group made a strong defence of their 
charge-coupled shift-register technique for 
doing the same kind of job. They claim it 
costs only $30 per channel including the 
analogue to digital converter. When the 
data has been digitised it must be checked . 
Do all these 'hits' constitute a track? How 
much energy did the calorimeter catch? It 
may be that the advances in hard-wired or 
field-programmable microprocessor logic 
will play a larger part in improvements of 
the instrumentation at LEP, compared 
with PETRA, than any advances in the 
detectors themselves. LEP will have 25 
microseconds between bunch-crossings so 
it will be possible, according to Waloschek 
(Hamburg), to apply ~ 50,000 separate 
series and parallel tests on the data from 
one event before deciding whether to 
record it; and if there is a bank of emulating 
processors standing by it could then be 
possible to run through the complete 
analysis on the spot. A totally different 
approach to decision-making logic was 
suggested by Julia Thompson (Pittsburg) 
who has been experimenting with a 
holographic technique which might go well 
with fibre-optic data transmission. 

Techniques already exist for doing many 
of the things that need doing at LEP and 
there is a community of high energy 
physicists from all over the world who are 
eager to get started. The teams are likely to 
be of a hundred or so per experiment. 
There will not be much that a ten-man
team could do by themselves, but since the 
equipment is so modular it is clear that 
small group s from many separate 
institutions will contribute their own pieces 
to the whole and, with the spread of 
remote-access computer systems, much of 
the analysis will still be done in universities 
hundreds of miles away from LEP itself. U 
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