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Much ado about nothing 
The vacuum system of the ISR 

In the words of its Convention, CERN 
exists 'for nuclear research of a pure 
scientific and fundamental character 
and in research essentially related 
thereto'. The applied research under­
taken at CERN has thus been directed 
to the solution of problems, or the 
opening up of greater possibilities, in 
relation to its physics programme. 

These problems and possibilities are 
often extremely demanding in both 
scientific and technical skills. It is 
often cited as a subsidiary reason for 
supporting activities such as high 
energy physics, that 'frontier' re­
search, by virtue of its extreme needs, 
tends to promote advances in a 
variety of surrounding disciplines. 

We concentrate this month on a few 
applied research stories from the work 
of recent years at CERN. They are not 
intended to be a comprehensive 
coverage. For example, we have left 
aside computing work (since this was 
covered extensively in the March 
issue) and other topics recently given 
a lot of attention. 

Nevertheless, we hope that the few 
stories give an idea of the range of 
applied research at CERN and of its 
challenging nature. Some of the work 
has had very, successful application, 
some would need much further de­
velopment to bear fruit, some has 
been superceded by other advances. 
It cannot all be of immediate use 
— that is part of what the word 're­
search' means. 

The research, as emphasized above, 
is linked to CERN's physics programme 
and it is there that applications are 
sought. But applications can obvi­
ously be found outside, both from 
direct use of the device or tech­
nique evolved, or from other uses of 
the knowledge which is unearthed, or 
from the increased expertise of in­
dustry working together with CERN. 
All knowledge emerging from the work 
of CERN is freely available for 
application elsewhere if application 
can be seen. Perhaps we do not do 
enough to make known our applied 
research activities and this issue may 
help a little in this direction. 

R. Calder 
The vacuum system of the CERN Inter­
secting Storage Rings differs from 
those of typical particle accelerators 
in one vital respect: the pressure has 
to be four to five orders of magni­
tude lower. This requirement can be 
readily understood in terms of the 
time ratio the particles spend circul­
ating (of the order of one second in 
an accelerator and, typically, one day 
in the ISR). It would be an exagger­
ation to say that the problem of 
attaining this vacuum was more diffi­
cult in the same ratio but it was 
considerably more difficult and in­
volved many basically different tech­
niques. Some of these were known 
on a small scale from the laboratory, 
others had to be developed. 

A major triumph of the ISR vacuum 
system has been the successful marry­
ing of many hitherto specialised labo­
ratory techniques into one*very large 
and very complex system without loss 
in reliability or performance. It is still 
not unusual to find ultra-high vacuum 
laboratories which have difficulty in 
working at 10"11 torr — in the ISR 
there are hundreds of metres at this 
pressure and soon it is expected to 
extend to the full 2 kilometres of the 
rings. 

This article will try to sketch some 
of the problems encountered in meet­
ing the requirements of the vacuum 
system and how the applied re­
search in this field led to their solution. 

Sources of gas 

The pressure in a vacuum system, in 
the simplest analysis, is given by the 
balance between the residual gas 
inflow rate and the exhaust rate. The 
latter, determined by the size and 
speed of the vacuum pumps, is limited 
by available space and cost. The 
former is the sum of several sources 
including leaks from the surrounding 
atmosphere, desorption of gas which 

has been adsorbed on the interior 
surface of the vacuum chamber and 
the permeation of gas through the 
chamber material itself. 

Assuming that all leaks have been 
eliminated — in itself not a trivial 
problem since these may range from 
leaky joints to microscopic pores via 
slag inclusions in the chamber 
material — and that surface de­
sorption has been reduced to a negli­
gible value by in situ bakeout of the 
vacuum system at 300 °C, there is 
left what perhaps appears the negli­
gible possibility of gas permeating 
through the metal chambers. In fact, 
this constitutes the major limitation in 
a vacuum system such as the ISR 
where the available pumping speed is 
severely restricted by the low con­
ductance of the chamber. 

The chamber material is a nitrogen 
enriched austenitic stainless steel 
chosen on the basis of mechanical 
strength, low permeability, good 
vacuum properties, etc. Careful meas­
urements showed that this material, 
even after an in situ bakeout at 
300 °C, was releasing hydrogen gas 
at the rate of about 3.10~ l2torr litre 
per second per cm 2 (equivalent to 
about 108 hydrogen molecules per 
second per cm 2). The measurements 
also showed that this hydrogen ap­
peared to be diffusing out of the bulk 
of the material (rather than desorbing 
from the surface) and the constancy 
of the rate over long times suggested 
a virtually infinite reservoir of hydro­
gen. This was confirmed by chemical 
analysis which showed the hydrogen 
impurity to be about 0.001 % or 10 1 9 

molecules per cm 3 of steel. 
This outgassing rate would have 

caused unacceptably large pressures 
in the beam pipe between pumping 
stations — pressures which could not 
be reduced by larger pumps but only 
by reducing the outgassing rate by 
one to two orders of magnitude. Labo­
ratory measurements showed that the 
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The special vacuum chamber prepared for 
intersection region 1-6 undergoing tests in the 
West Experimental Hall. Note the conical form of 
the two downstream sections of the chamber. 
Thin walls at the ends of the cones enable 
particles produced in the interactions to escape 
to the detectors almost without hindrance. 

diffusion rate, and hence the out­
gassing rate, was very temperature 
dependent. This suggested a way of 
removing the source of hydrogen — 
the steel was subjected to a heat 
treatment of about 1000 °C in a 
vacuum furnace before being used. At 
this temperature the hydrogen release 
is so fast that the concentration of 
dissolved hydrogen falls rapidly to a 
value determined by the partial pres­
sure in the vacuum furnace. In this 
way it was possible to obtain the tons 
of stainless steel with special low 
outgassing rates which were needed 
for the ultra-high vacuum system of 
the ISR. 

Cryopumping for even lower pressure 

In addition to the ultra-high vacuum 
requirement of 10~10 to 10"" torr all 
around the ISR rings, dictated essen­
tially by beam life-time considerations, 
the experimenters would like the inter­
section regions with pressures in the 
10~ l 2torr range or better. Such low 
pressures reduce the ratio of the 
background signals due to proton-gas 
molecule collisions compared to the 
true proton-proton collisions. Pres­
sures even into the 10 _ l 3 torr range 
have been obtained, notably in inter­
section region I-6, using cryopumping 
techniques. 

In a cryopumped intersection region 
a surface is cooled to a low temper­
ature and acts as a trap to 'solidify' 
any gas molecule which strikes it. The 
speed of the pump depends on the 
area of the cooled surface (12 l/s and 
45 l/s per cm 2 of surface are possible 
pumping rates for nitrogen and hy­
drogen respectively) and the pressure 
limit depends on the temperature of 
the surface and the gas (lower tem­
peratures are needed the lower the 
boiling point of the gas). 

Hydrogen, as described above, is 
the major gas load in the ISR ; un-

CERN~i7T.io.7i 
fortunately it is the most difficult gas 
to condense apart from helium. The 
theoretical low pressure limit of a 
cryopump is given by the saturated 
vapour pressure of the gas being con­
densed at the temperature of the 
pumping surface. For hydrogen this 
is still about 10~6torr at 4.2 K (a con­
venient refrigeration temperature using 
liquid helium as coolant) but it should 
fall to an extrapolated value of 10~13 

torr at 2.5 K. In practice, however, it 
proved impossible to condense hy­
drogen to pressures below about 10~10 

torr, independently of what temper­
ature was used. This anomaly was 
traced to an interaction between the 
(black body) thermal radiation coming 
from the vacuum chambers at room 
temperature and the condensed hy­
drogen layer — the latter being 
continually desorbed by this thermal 
bombardment. The interaction is not 
one of simple heating but depends in 
a complex way on the thickness and 
purity of the condensed layer and on 
the characteristics of the cold sub­
strate carrying the condensed layer. 

Although it was possible to operate 
a liquid helium cooled cryopump 
down to 10~13 torr in the laboratory 
even when exposed to thermal radi­
ation by modifying the substrate (e.g. 
by the precondensation of an inert gas 
layer of argon or neon) a more prac­
tical solution has been developed and 
used in the ISR. This involves using 
optically and almost thermally opaque 

chevron baffles at 77 K which are 
optimised for molecular transmission. 
This is a compromise involving a 
considerable loss of conductance, and 
hence pumping speed, to the vacuum 
chamber. The pump and baffles are 
thus designed to achieve a given 
pressure and then dimensioned to 
give the required pumping speed. Two 
liquid helium cooled cryopumps have 
been installed in 1-6. Each has a speed 
of about 15 000 l/s and a limit pressure 
of about 2.10"13 torr. They have oper­
ated for several months in the upper 
10~13 torr range. 

Measuring very low pressures 

An advance in one technique often 
exposes a weakness in another. It was 
noticed that laboratory systems, desi­
gned to extend knowledge of very low 
pressures, frequently appeared to be 
limited at about 1 to 2.10"12torr. Nearly 
all very low pressure gauges use a 
tungsten filament heated to about 
2300 °C to provide a source of ionising 
electrons. The apparent limit pres­
sures were traced to an artefact 
introduced by the gauge itself — the 
vapour pressure of tungsten evapor­
ated from the heated tungsten fila­
ment. Operating the filament at a 
carefully chosen and reduced temper­
ature can extend the useful range of 
the gauge by almost an order of 
magnitude. 
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The same chamber installed in the storage rings 
with two cryopumps (the vertical, foil-covered 
cylinders). With the cryopumps it has been 
possible to take the pressure in the intersection 
region down to the 10~13 torr range. 

CERN 87.1.72 

The hot tungsten filament is at the 
root of another problem. It produces 
heating in the surrounding vacuum 
chamber causing an increase of hy­
drogen desorption and a real increase 
of the system pressure. Recent de­
velopment work has shown that it 
will be possible to construct an ex­
tremely sensitive gauge using the 
high gain of an integral channel elec­
tron multiplier. The gauge should be 
useful down to 10~15 torr and, since it 
uses an extremely low ionising current 
of a few nanoamperes, it will produce 
practically no heating or disturbance 
to the vacuum system. 

Beam induced vacuum problems 

Pressure bumps' in the ISR have 
been in the news before (see vol. 11, 
page 245). They are the major obstacle 
to achieving the design stored beams 
of 20 A and the design luminosity. 
They are localised regions of about 
10 m in which the pressure, normally 
stable at about 10~10 torr in the 
absence of the beam, begins to rise 
when the stacked proton beam current 
exceeds a certain value. Pressure 
bumps may occur anywhere around 
either ring at one or several points 
simultaneously. The mechanism is one 
of gas release from the wall of the 
vacuum chamber under ion bombard­
ment. The ions, formed by the ionising 
effect of the proton beam on the 

10~10 torr of residual gas, are ejected 
out of the space charge potential of 
the beam onto the wall with an energy 
of about 1 keV. The released gas in­
creases the local pressure and thus 
gives, in turn, more ions. Hence we 
have the makings of an avalanche 
effect and the pressure may stabilise 
at some higher value or increase 
without limit until it destroys the 
stacked beam. 

The danger is obviously greatest 
where the residual pressure is grea­
test, where the pumping speed is 
lowest or where the vacuum chamber 
wall is contaminated and there is a 
large gas yield per incident ion. It 
is now clear that, even after the 
elaborate cleaning and degassing pro­
cedures, the vacuum chamber is not 
as clean as was thought. On the basis 
of thermally induced desorption, it had 
been concluded that hydrogen dis­
solved in the metal is the only source 
of gas. But now it is apparent that the 
surface is covered with a layer of 
strongly adsorbed contaminants (H2, 
H2O, CO, CO2, CH 4 , hydrocarbons 
etc.) which are only released under 
energetic ion bombardment. 

During the initial operation of the 
ISR the critical current for run-away 
pressure bumps was about 4 A. At 
that time the 10~10 torr operating 
pressure was achieved after an in situ 
bakeout of about 4 hours at 200 °C. 
Since then the temperature has been 
raised to 300 °C and the bakeout time 

lengthened to about 24 hours — the 
critical currents have climbed to 10 
to 12 A. The normal operating pres­
sure is still about 10~10 torr but clearly 
the surfaces now appear much 
cleaner under ion bombardment. 

Why stop there ? Because many 
components of the ISR were designed 
for a maximum bakeout temperature 
of 300 °C, and further increase of the 
bakeout times at constant temperature 
seems to give practically no advan­
tage. Other parameters have to be 
attacked — those of residual pressure 
and pumping speed. All the inter­
section regions were initially equipped 
with titanium sublimation pumps in 
addition to the normal sputter-ion 
pumps, which are the standard pum­
ping element around the ISR. Pres­
sures at the intersections were typi­
cally around 2.10"11 torr and the 
'pressure bump' phenomenon rarely 
occurred in these regions. 

A vacuum improvement programme 
is therefore under way to equip the 
whole of the ISR with additional 
sublimation pumps. They are installed 
in eleven of the 24 sectors which 
operate regularly at 2.10"11 torr. Pres­
sure bumps in the unimproved sectors 
still limit the performance but there 
are high hopes of reaching the design 
current early next year when the 
whole vacuum system is improved and 
running at 2.10"" torr. 

In the meantime extensive labora­
tory investigations are under way to 
find ways of eliminating surface conta­
mination. The most promising ap­
proach at the moment seems to be to 
simulate and accelerate the ion-
induced desorption by running a high 
pressure (10~2 torr) inert gas discharge 
in the vacuum chamber. Subsequent 
gas release rates on test samples have 
been reduced by two or even three 
orders of magnitude by this technique. 
But there is a technical problem 
— how to propagate and control a gas 
discharge around 2 kilometres of ISR 
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Multiwireand multipurpose 
Development of multiwire 
proportional chambers 

G. Charpak 
vacuum chamber. At the same time, 
more sophisticated cleaning and 
bakeout techniques, new surface treat­
ments or even the possibility of a new 
chamber of an altogether different 
material is under study. 

The results of applied research in 
the fields of materials science, low 
temperature physics, ultra-high vacuum 
technology and engineering have 
helped to create in the ISR the largest 
ultra-high vacuum system ever built. 
Exciting specialised techniques, such 
as cryopumping at 2.5 K have been 
integrated with everyday nuts and 
bolts in their thousands. Possibly the 
most important achievement of the 
ISR vacuum system is the extremely 
high reliability of many apparently 
commonplace components — there 
are over 10 000 demountable flanges, 
for example, which must all be leak-
tight simultaneously. This reliability is 
the result of careful and thorough 
applied research. There are still pro­
blems — such as the pressure bumps 
but, to (mis-) quote from the Shakes­
peare play which gave us our title, 
Think not on it till tomorrow : we'll 
devise thee brave punishments for it'. 

The multiwire proportional chamber, 
in its present form, was born in 1968. 
It could have come into the world 
twenty years earlier, and been ex­
tremely useful, for it is based on ideas 
and techniques long known to us. The 
proportional counter after all was 
around in the 1930s and the physics 
of its operation in the 'proportional 
mode' had been studied. Moreover, 
various types of wire chambers had 
been tried before but their construc­
tion reflected a certain lack of under­
standing of what mechanisms were 
at play and their properties limited 
them to particular applications. 

Many physicists working with wire 
spark chambers had been tempted to 
put a direct voltage onto the wires 
and had tried to observe the pulses 
produced on a wire by the passing of 
a charged particle. These attempts 
were doomed to failure because the 
structure of a wire spark chamber is 
not appropriate. In particular, if the 
cathode and the anode are made of 
wires of the same diameter, operation 
in the proportional counting mode is 
almost impossible. 

In 1967 we were intrigued by the 
failure of these attempts and cons­
tructed a small wire chamber using 
the knowledge we thought we had 
from proportional counters. There 
were thick cathode wires, very fine 
anode wires, shielding rings around 
every wire input through the insul­
ators. We also made the mistake 
which frustrated the majority of the 
previous attempts to produce multi-
wire proportional chambers — being 
certain that the capacitive coupling 
between the neighbouring wires would 
prevent the localisation of the pulse 
on one single wire, we connected one 
wire out of two to the cathode poten­
tial or to an intermediate potential. 
This intermediate wire was meant to 
play the part of an electrostatic screen 
between the sensitive wires. This 
reduces the precision of localisation 

by a factor equal to two and compli­
cates the construction. 

The chamber operated satisfactorily 
nevertheless and we noted the follow­
ing properties : 

The electron avalanche reaching a 
wire creates a negative pulse on the 
wire and a positive pulse on the neigh­
bouring wires. There is therefore no 
point in having an intermediate shield­
ing wire. All that is needed are 
amplifiers which are sensitive to only 
one sign of pulse. The induced positive 
pulses are therefore a blessing. They 
make it possible to have the wires as 
close to one another as we want, 
without capacitive coupling becoming 
a problem. 

The moment at which the pulse 
appears on the wire depends strictly 
on the distance from the track to the 
wire. When the wire planes are 
brought to a 2 mm spacing the reso­
lution times obtained are very 
exiting — 25 nanoseconds to reach 
full efficiency. This is at least one 
order of magnitude better than spark 
chambers. In addition, each wire 
accepted a counting rate of nearly a 
megacycle, which meant an advance 
of at least four orders of magnitude 
on spark chambers. 

We then modified the construction 
of the chambers. The sensitive wires 
were put on to the same potential, 
and the inputs were shielded, not by 
individual rings, but by guard plates. 
We got down to a more thorough study 
of the properties of the chambers. 

Among the properties which were 
highlighted and which have had the 
most consequences we can mention 
the following : 

1. It was soon clear that, as usual, 
one cannot get something for nothing. 
To make use of all the extremely 
interesting advantages of multiwire 
proportional chambers necessitates 
considerable expenditure on the 
electronics needed to collect a 
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