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Applied 
research 
at CERN 

Much ado about nothing 
The vacuum system of the ISR 

In the words of its Convent ion, CERN 
exists 'for nuclear research of a pure 
scient i f ic and fundamental character 
and in research essential ly related 
thereto' . The appl ied research under­
taken at CERN has thus been di rected 
to the solut ion of problems, or the 
opening up of greater possibi l i t ies, in 
relation to its physics programme. 

These problems and possibi l i t ies are 
often extremely demanding in both 
scienti f ic and technical ski l ls. It is 
often ci ted as a subsidiary reason for 
support ing act iv i t ies such as high 
energy physics, that ' frontier ' re­
search, by vir tue of its extreme needs, 
tends to promote advances in a 
variety of surrounding discipl ines. 

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

Nevertheless, we hope that the few 
stories give an idea of the range of 
appl ied research at CERN and of its 
chal lenging nature. Some of the work 
has had very successful appl icat ion, 
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been superceded by other advances.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 l inked to CERN's physics programme 
and it is there that appl icat ions are 
sought. But appl icat ions can obvi­
ously be found outside, both from 
direct use of the device or tech­
nique evolved, or f rom other uses of 
the knowledge wh ich is unearthed, or 
f rom the increased expert ise of in­
dustry work ing together wi th CERN. 
All knowledge emerging from the work 
of CERN is freely avai lable for 
appl icat ion elsewhere if appl icat ion 
can be seen. Perhaps we do not do 
enough to make known our appl ied 
research act iv i t ies and this issue may 
help a l i t t le in this d i rect ion. 

R. Calder 
The vacuum system of the CERN Inter­
sect ing Storage Rings differs from 
those of typical part icle accelerators 
in one vital respec t : the pressure has 
to be four to five orders of magni­
tude lower. This requirement can be 
readily understood in terms of the 
t ime ratio the part icles spend c i rcu l ­
ating (of the order of one second in 
an accelerator and, typical ly, one day 
in the ISR). It would be an exagger­
ation to say that the problem of 
attaining this vacuum was more di f f i ­
cult in the same ratio but it was 
considerably more dif f icult and in­
volved many basically different tech­
niques. Some of these were known 
on a small scale f rom the laboratory, 
others had to be developed. 

A major t r iumph of the ISR vacuum 
system has been the successful marry­
ing of many hitherto special ised labo­
ratory techniques into one very large 
and very complex system without loss 
in rel iabil i ty or performance. It is sti l l 
not unusual to f ind ultra-high vacuum 
laboratories which have diff iculty in 
work ing at 1CT11 torr — in the ISR 
there are hundreds of metres at this 
pressure and soon it is expected to 
extend to the ful l 2 ki lometres of the 
rings. 

This art ic le wi l l try to sketch some 
of the problems encountered in meet­
ing the requirements of the vacuum 
system and how the appl ied re­
search in this f ield led to their solut ion. 

Sources of gas 

The pressure in a vacuum system, in 
the simplest analysis, is given by the 
balance between the residual gas 
inf low rate and the exhaust rate. The 
latter, determined by the size and 
speed of the vacuum pumps, is l imited 
by avai lable space and cost. The 
former is the sum of several sources 
including leaks from the surrounding 
atmosphere, desorpt ion 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 
el iminated — in itself not a tr ivial 
problem since these may range f rom 
leaky joints to microscopic pores via 
slag inclusions in the chamber 
material — and that surface de­
sorpt ion has been reduced to a negl i ­
g ible value by in situ bakeout of the 
vacuum system at 300 °C, there is 
left what perhaps appears the negl i ­
gible possibi l i ty of gas permeat ing 
through the metal chambers. In fact, 
this consti tutes the major l imitat ion in 
a vacuum system such as the ISR 
where the available pumping speed is 
severely restr icted by the low con­
ductance of the chamber. 

The chamber material is a ni trogen 
enr iched austenit ic stainless steel 
chosen on the basis of mechanical 
strength, low permeabil i ty, good 
vacuum propert ies, etc. Careful meas­
urements showed that this mater ial , 
even after an in situ bakeout at 
300 °C, was releasing hydrogen gas 
at the rate of about 3.10~12 torr l i tre 
per second per c m 2 (equivalent to 
about iO 8 hydrogen molecules per 
second per cm 2 ) . The measurements 
also showed that this hydrogen ap­
peared to be dif fusing out of the bulk 
of the material (rather than desorbing 
f rom the surface) and the constancy 
of the rate over long t imes suggested 
a vir tual ly infinite reservoir of hydro­
gen. This was conf i rmed by chemical 
analysis which showed the hydrogen 
impuri ty to be about 0.001 % or 10 1 9 

molecules per c m 3 of steel. 

This outgassing rate would have 
caused unacceptably large pressures 
in the beam pipe between pumping 
stat ions — 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 concentrat ion of 
dissolved hydrogen fal ls rapidly to a 
value determined by the part ial pres­
sure in the vacuum furnace. In this 
way it was possible to obtain the tons 
of stainless steel wi th special low 
outgassing rates wh ich were needed 
for the ultra-high vacuum system of 
the ISR. 

Cryopumping for even lower pressure 

In addit ion to the ul tra-high vacuum 
requirement of 10~1 0 to 1 0 - 1 1 torr all 
around the ISR rings, d ic tated essen­
tial ly by beam l i fe-t ime considerat ions, 
the experimenters wou ld l ike the inter­
sect ion regions wi th pressures in the 
10~12 torr range or better. Such low 
pressures reduce the ratio of the 
background signals due to proton-gas 
molecule col l is ions compared to the 
true proton-proton col l is ions. Pres­
sures even into the 10~1 3 torr range 
have been obtained, notably in inter­
section region 1-6, using cryopumping 
techniques. 

In a cryopumped intersect ion region 
a surface is cooled to a low temper­
ature and acts as a trap to 'sol idify' 
any gas molecule wh ich str ikes it. The 
speed of the pump depends on the 
area of the cooled surface (12 l/s and 
45 I/s per c m 2 of surface are possible 
pumping rates for ni t rogen and hy­
drogen respectively) and the pressure 
l imit depends on the temperature of 
the surface and the gas (lower tem­
peratures are needed the lower the 
boi l ing point of the gas). 

Hydrogen, as descr ibed above, is 
the major gas load in the ISR ; un-
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fortunately it is the most diff icult gas 
to condense apart f rom hel ium. The 
theoret ical 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 sti l l about 10 _ 6 t o r r at 4.2 K (a con­
venient refr igerat ion temperature using 
l iquid hel ium as coolant) but it should 
fal l to an extrapolated value of 1CT13 

torr at 2.5 K. In pract ice, however, it 
proved impossible to condense hy­
drogen to pressures below about 1CT10 

torr, independently of what temper­
ature was used. This anomaly was 
t raced to an interact ion between the 
(black body) thermal radiation coming 
f rom the vacuum chambers at room 
temperature and the condensed hy­
drogen layer — the latter being 
cont inual ly desorbed by this thermal 
bombardment. The interact ion is not 
one of s imple heating but depends in 
a complex way on the thickness and 
purity of the condensed layer and on 
the character ist ics of the cold sub­
strate carrying the condensed layer. 

Al though it was possible to operate 
a l iquid hel ium cooled cryopump 
down to 1CT13 torr in the laboratory 
even when exposed to thermal radi­
at ion by modifying the substrate (e.g. 
by the precondensat ion of an inert gas 
layer of argon or neon) a more prac­
t ical solut ion has been developed and 
used in the ISR. This involves using 
opt ical ly and almost thermally opaque 

chevron baffles at 77 K which are 
opt imised 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 
l iquid hel ium cooled cryopumps have 
been instal led in 1-6. Each has a speed 
of about 15 000 I/s and a l imit pressure 
of about 2 .10 _ l 3 to r r . 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 
l imited at about 1 to 2 .10 _ l 2 to r r . Nearly 
all very low pressure gauges use a 
tungsten f i lament heated to about 
2300 °C to provide a source of ionising 
electrons. The apparent l imit pres­
sures were traced to an artefact 
introduced by the gauge itself — the 
vapour pressure of tungsten evapor­
ated f rom the heated tungsten f i la­
ment. Operat ing the f i lament at a 
careful ly chosen and reduced temper­
ature can extend the useful range of 
the gauge by almost an order of 
magnitude. 
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The hot tungsten f i lament is at the 
root of another problem. It produces 
heating in the surrounding vacuum 
chamber causing an increase of hy­
drogen desorpt ion and a real increase 
of the system pressure. Recent de­
velopment work has shown that it 
wi l l be possible to construct an ex­
tremely sensit ive gauge using the 
high gain of an integral channel elec­
tron mult ipl ier. The gauge should be 
useful down to 1CT15 torr and, s ince it 
uses an extremely low ionising current 
of a few nanoamperes, it wi l l produce 
pract ical ly no heating or d isturbance 
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 local ised regions of about 
10 m in wh ich the pressure, normally 
stable at about 10~1 0 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 f rom the wal l 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 stabil ise 
at some higher value or increase 
wi thout l imit 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 
wal l 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 thermal ly induced desorpt ion, 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 wi th a layer of 
strongly adsorbed contaminants (hh, 
H2O, CO, CO2, C H 4 , hydrocarbons 
etc.) which are only released under 
energet ic ion bombardment. 

During the init ial operat ion of the 
ISR the cr i t ical current for run-away 
pressure bumps was about 4 A. At 
that t ime 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 t ime 

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. 

lengthened to about 24 hours — the 
cr i t ical currents have c l imbed to 10 
to 12 A. The normal operat ing pres­
sure is sti l l 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 t imes at constant temperature 
seems to give pract ical ly no advan­
tage. Other parameters have to be 
at tacked — those of residual pressure 
and pumping speed. Al l the inter­
sect ion regions were init ial ly equipped 
with t i tanium subl imation pumps in 
addi t ion to the normal sputter- ion 
pumps, which are the standard pum­
ping element around the ISR. Pres­
sures at the intersections were typ i ­
cally around 2.10" 1 1 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 addi t ional 
subl imat ion pumps. They are instal led 
in eleven of the 24 sectors which 
operate regularly at 2.10" 1 1 torr. Pres­
sure bumps in the unimproved sectors 
sti l l l imit 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" 1 1 torr. 

In the meantime extensive labora­
tory investigations are under way to 
f ind ways of el iminat ing surface conta­
minat ion. The most promising ap­
proach at the moment seems to be to 
simulate and accelerate the ion-
induced desorpt ion by running a high 
pressure (1Q~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 
d ischarge around 2 ki lometres of ISR 



Multiwireand multipurpose 
Development of multiwire 
proportional chambers 

G. Charpak 
vacuum chamber. At the same t ime, 
more sophist icated c leaning and 
bakeout techniques, new surface treat­
ments or even the possibi l i ty of a new 
chamber of an al together different 
material is under study. 

The results of appl ied research in 
the f ields of mater ials sc ience, low 
temperature physics, ul tra-high vacuum 
technology and engineer ing have 
helped to create in the ISR the largest 
ultra-high vacuum system ever built,, 
Excit ing special ised techniques, such 
as cryopumping at 2.5 K have been 
integrated wi th everyday nuts and 
bolts in their thousands. Possibly the 
most important achievement of the 
ISR vacuum system is the extremely 
high rel iabil i ty of many apparent ly 
commonplace components — there 
are over 10 000 demountable f langes, 
for example, wh ich must all be leak-
t ight simultaneously. This rel iabi l i ty is 
the result of careful and thorough 
appl ied research. There are sti l l pro­
blems — such as the pressure bumps 
but, to (mis-) quote f rom the Shakes­
peare play which gave us our t i t le, 
Th ink not on it t i l l tomorrow : w e l l 
devise thee brave punishments for it'. 

The mult iwire proport ional chamber, 
in its present form, was born in 1968. 
It could have come into the wor ld 
twenty years earlier, and been ex­
tremely useful, for it is based on ideas 
and techniques long known to us. The 
proport ional counter after all was 
around in the 1930s and the physics 
of its operat ion in the 'proport ional 
mode' had been studied. Moreover, 
various types of wire chambers had 
been tr ied before but their construc­
t ion ref lected a certain lack of under­
standing of what mechanisms were 
at play and their propert ies l imited 
them to part icular appl icat ions. 

Many physicists work ing with wire 
spark chambers had been tempted to 
put a direct voltage onto the wires 
and had tr ied to observe the pulses 
produced on a wire by the passing of 
a charged part icle. These attempts 
were doomed to fai lure because the 
structure of a wi re spark chamber is 
not appropr iate. In part icular, if the 
cathode and the anode are made of 
wires of the same diameter, operat ion 
in the proport ional count ing mode is 
almost impossible. 

In 1967 we were intr igued by the 
fai lure of these attempts and cons­
tructed a small wire chamber using 
the knowledge we thought we had 
f rom proport ional counters. There 
were th ick cathode wires, very f ine 
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 mult i -
wire proport ional chambers — being 
certain that the capacit ive coupl ing 
between the neighbour ing wires would 
prevent the local isat ion 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 wi re was meant to 
play the part of an electrostat ic screen 
between the sensit ive wires. This 
reduces the precis ion of local isat ion 

by a factor equal to two and compl i ­
cates the construct ion. 

The chamber operated satisfactori ly 
nevertheless and we noted the fol low­
ing propert ies : 

The electron avalanche reaching a 
wire creates a negative pulse on the 
wire and a posit ive pulse on the neigh­
bouring wires. There is therefore no 
point in having an intermediate shie ld­
ing wire, Al ! that is needed are 
ampli f iers which are sensitive to only 
one sign of pulse. The induced posit ive 
pulses are therefore a blessing. They 
make it possible to have the wires as 
close to one another as we want, 
wi thout capaci t ive coupl ing becoming 
a problem. 

The moment at which the pulse 
appears on the wire depends str ict ly 
on the distance from the track to the 
wire. When the wire planes are 
brought to a 2 mm spacing the reso­
lution t imes obtained are very 
exit ing — 25 nanoseconds to reach 
ful l eff iciency. This is at least one 
order of magni tude better than spark 
chambers. In addi t ion, each wire 
accepted a count ing rate of nearly a 
megacycle, wh ich meant an advance 
of at least four orders of magnitude 
on spark chambers. 

We then modif ied the construct ion 
of the chambers. The sensit ive wires 
were put on to the same potent ial , 
and the inputs were shielded, not by 
individual rings, but by guard plates. 
We got down to a more thorough study 
of the propert ies of the chambers. 

Among the propert ies which were 
highl ighted and which have had the 
most consequences we can mention 
the fo l lowing : 

1. It was soon clear that, as usual, 
one cannot get something for nothing. 
To make use of all the extremely 
interesting advantages of mult iwire 
proport ional chambers necessitates 
considerable expenditure on the 
electronics needed to col lect a 

362 



CERN 149.2.70 

signal f rom each wire and to amplify it 
for use in the subsequent dec is ion­
making c i rcui ts. Init ial ly, the cost was 
around 60 Swiss f rancs per wire. A lot 
of work has gone into this problem 
and important advances have been 
made with regard to the chamber 
f i l l ing and the electronic circui try. 

A variety of gases and gas mixtures 
were studied and it has proved possi­
ble to use a mixture, col loquial ly 
known as the 'magic gas', which gives 
a gain a hundred t imes higher than 
the 'c lassical ' gases used in the pro­
port ional counters. 

init ial ly the magic gas suffered f rom 
exposure to radiat ion, its performance 
deteriorat ing wi th t ime. With further 
research this was el iminated by the 
addit ion of isopropyl a lcohol , or better 
stil l methylal, to the gas. 

The magic gas eases the burden on 
the subsequent e lectronics since the 
signals arr iving on the wires are a 
hundred t imes greater. Work on the 

electronic circui ts has resulted in 
techniques for grouping the circui ts 
of several wires on the same wafer. 
More importantly, the specif icat ion for 
an integrated circui t has been evolved 
and their product ion on a large scale 
should considerably reduce the costs 
associated with the electronics of 
mult iwire proport ional chambers. 

2. Large mult iwire proport ional cham­
bers can be confronted with greater 
equanamity when the associated costs 
for electronics are lower. However, 
there were considerable construct ional 
di f f icul t ies in bui lding large chambers 
appropr iate for part icular uses. We 
can take as one example the large 
chambers dest ined to be used in the 
Split Field Magnet of the ISR. These 
chambers could not sensibly use a 
strong metal frame to withstand the 
tensions introduced by hundreds of 
stretched wires since the frames 
would fi l l a^signif icant proport ion of 

Large multiwire proportional chambers for use in 
high energy physics experiments. On the left, a 
large chamber, such as is used in the 
CERN/ Heidelberg experiments on neutral kaons, 
is being tested. On the right is a prototype 
chamber of the type to be installed in the 
aperture of the Split Field Magnet at the 
Intersecting Storage Rings. Special construction 
techniques have achieved the evident lightness 
but more importantly have increased the useful 
detection volume. 
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the valuable magnet aperture. Special 
honeycomb sandwiches of plastic 
foam are to be used. They have great 
strength and yet introduce much less 
matter in the magnet aperture. 

Large mult iwire proport ional cham­
bers are now being used in several 
experiments. At CERN, they have been 
in act ion in the CERN Heidelberg neu­
tral kaon experiments for over a year 
and an indicat ion of the advance in 
part ic le detect ion, which the new tech­
nique has brought about, is that data 
is col lected at the rate of several thou­
sand events per PS pulse. 

3. Another type of detector, related 
to the development of mult iwire pro­
port ional chambers, has been receiv­
ing a lot of attention recently. It is 
known as the drift chamber and was 
in fact proposed at the same t ime as 
proport ional chambers. It makes use 
of the correlat ion between the t ime of 
arrival of a pulse at the wires and the 
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1. An X-ray photograph of a leaf taken using 
multiwire proportional chambers to detect the 
X-rays. A spacing of 1 mm between the chamber 
wires achieved good definition. 

2. Gammas emitted by radio-isotopes in a 
thyroid gland are detected by multiwire 
proportional chambers after a grid collimator. 

3. The same observation technique applied to 
a 'phantom' thyroid in which radio-isotopes have 
been fixed. 

posit ion of the t rack which or ig inated 
the pulse. This correlat ion is so good 
that track coordinate measurements 
can be taken with a precis ion of the 
order of 0.1 mm. 

Groups at Saclay and Heidelberg 
have put a lot of appl ied research into 
drift chambers and haveachieved spec­
trometers with remarkable propert ies 
using them. It may prove that this 
technique has a great role to play in 
the future. The drif t chamber is also 

3. 
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the cheapest solut ion to track local i ­
zation problems even when compared 
to spark chambers. 

4. The use of the induced posit ive 
pulse al lows us to detect the coord i ­
nate parallel to the wire by means of a 
cathode composed of wires which are 
perpendicular to the sensitive wire. 
Al though this is not very interesting 
for high energy physics experiments, 
it is essential for what has proved to 
be one of the main uses of mult iwire 
proport ional chambers : gamma radio­
graphy for medical purposes. 

If we wish to measure the distr ibu­
t ion of radiat ion, X rays or gamma 
rays, emit ted by isotopes which have 
been fed into a human being, it is 
essential that the two coordinates 
should be determined in the same 
detector. This is because we are 
trying to measure neutral radiation 
and the secondary electrons which it 
creates in a detector cannot, as a rule, 
go through to a second detector. For 
years various groups had tr ied to 
construct self- tr iggering spark cham­
bers but such chambers are extremely 
" touchy" . The proport ional chamber 
has certain of the propert ies which 
the medical people consider to be 
essential and active research on fur­
ther uses is now being carr ied out in 
several hospitals. 

Thus, in addit ion to the f ield of 
high energy physics, where we are 
now engaged in the construct ion of 
giant detectors based on proport ional 
chambers, important appl icat ions have 
been found elsewhere. Serious diff i­
cult ies have had to be overcome and 
perhaps are yet to be overcome. But 
with the understanding which we have 
acquired of the phenomena which 
underl ie the behaviour of mult iwire 
proport ional chambers we should be 
able to surmount them. 

Finding 
out about 
ferrites 
This article is a collaborative effort with 
contributions from C. Arnaud, H. Bargmann, 
H.P. Kindermann, H. Kuhn, W. Middelkoop, 
G. Nassibian, W. Pirkl, K.H. Reich, C. Rufer, 
and D. Zanaschi. 

Although ferr i tes (ferr i-magnetic cera­
mics) have a wide range of appl i ­
cat ions in the communicat ions in­
dustry, the way in which their pecul iar 
propert ies are used around accele­
rators (mainly in r.f. accelerat ing 
cavit ies and as yokes of 'k icker ' mag­
nets) is unusual and required detai led 
study in order to achieve satisfactory 
results. 

The basic pr inciple of their use in 
an r.f. cavity is simple — the change 
of incremental permeabil i ty of a ferr i -
magnetic material is used to vary the 
inductance of a resonant circui t which 
must be tuned, fairly rapidly, over a 
frequency range (of the order of four 
to one in the case of the CERN PS). 
The need for research on ferri tes 
arose because accelerator people 
seem to be the only users of large 
rings (up to about 60 cm diameter) of 
this material . Taking into account the 
comparat ively small quantity required 
and the comparat ively low f inancial 
return (on an industrial scale), in­
dustry could not be expected to put in 
either the extended special ised re­
search or the sophist icated apparatus 
for cont inuous product ion quali ty con­
trol . Research therefore was done at 
CERN, in active col laborat ion with the 
ferri te manufacturer, who f inally 
managed to satisfy nearly all the chal ­
lenging requirements. 

The problems in using ferri tes in 
kicker magnets are different. Here the 
electr ical and mechanical propert ies 
of commercia l ly available ferr i te 
b locks are entirely adequate but re­
search was needed because the fer­
rites are installed in a high vacuum 
— a condi t ion not encountered else­
where. 

Electrical problems 

When a ferr i te is taken through a 
magnetisat ion cycle its incremental 
permeabi l i ty and loss at any instant 
wi l l depend on the r.f. f requency, the 



The top traces show the time dependent effect 
on r.f. voltage and power loss in ferrites 
discovered in the course of the studies. (The 
time-scale is 10 ms/square). The two lower sets 
of traces show how temperature affects the drop 
in voltage. The centre traces were taken with the 
ferrite temperature at 20 °C (the r.f. current is 
here held constant). The bottom traces were 
taken at 24°C and the drop has disappeared. 

ampl i tude of r.f. exci tat ion, the tempe­
rature and the bias sweep speed. 

The f requency dependence is 
straightforward in pr inciple, al though 
the data are not always available. 

The ampl i tude dependence is more 
compl icated. Over most of the usable 
range of operat ing condi t ions the in­
cremental permeabi l i ty increases with 
the ampl i tude of the r.f., so that the 
resonant f requency of a ferr i te- loaded 
resonator drops when the voltage is 
raised. For a f ixed bias current, this 
results in an asymmetr ic f requency 
response curve. Moreover, there is a 
fair ly wel l def ined l imit above which 
increasing the exci tat ion produces no 
corresponding increase of f lux. As a 
result of work at CERN and at NAL, 
it was discovered that this l imit is 
t ime dependent for many ferr i tes, 
dropping by perhaps 3 0 % after t imes 
extending up to tens of mi l l iseconds. 
To compl icate matters sti l l further, the 
limit is strongly temperature de­
pendent. These new f indings were fed 
to the manufacturer who succeeded in 
producing ferr i tes which exhibi ted 
these awkward character ist ics to a 
lesser degree. 

The temperature coeff ic ient of the 
incremental permeabi l i ty is quite 
large, and can be posit ive or negative 
depending on the state of d.c. mag­
netisation. A posit ive coeff ic ient can 
have disastrous effects on the ther­
mal stabil i ty of a large ferr i te as­
sembly since it causes the warmer 
parts to pass more r.f. f lux and thus 
get hotter st i l l , unti l mechanical fai lure 
occurs. The fact that the loss coef­
f icient also increases rapidly wi th 
temperature adds to problems of this 
type. Theoret ical analysis establ ished 
safe operat ing temperatures which 
were conf i rmed by experiment. 

Further compl icat ions arise when 
the work ing point is moved rapidly. 
The r.f. losses depend on the sweep 
speed and can increase very substan­
tial ly with high sweep speed, a fact 

that has to be al lowed for in the 
design of the r.f. power supply and 
cool ing system. Another diff iculty is 
that, in some circumstances, for an 
increase in d.c. bias the incremental 
permeabi l i ty after decreasing for the 
first mi l l isecond, may increase again 
before decreasing to its steady state 
value — not a helpful feature when 
trying to design a servo-loop to keep 
the resonant c ircui t tuned to a varying 
frequency. 

Also ferr i tes are strongly magneto-
str ict ive, and precautions have to be 
taken against electromechanical os­
ci l lat ions. Their effect can be con­
trol led to some extent by staggering 
the ferr i te rings according to their 
individual ly measured frequencies and 
by suitable c lamping. 

From this brief discussion it wi l l 
be appreciated that assessing the 
quali t ies of a ferr i te is no mean task. 
The acceptance testing of hundreds 
of rings was done at CERN on a 
special test device. By measuring a 
number of propert ies for each ring, 
it was possible to stack the acceptable 
ones in such a way that all the r.f. 
cavit ies were similar in their be­
haviour and, wi th in each cavity, each 
ring could be posit ioned to make the 
best use of its electr ical character­
istics. 

Mechanical problems 

Since an increased r.f. voltage was 
required for the new PS and Booster 
cavit ies, the total power dissipated in 
the ferr i tes (mainly due to the hys­
teresis losses which roughly go with 
the cube of the voltage) was also 
increased. The temperature must be 
kept below 30 to 40 °C so as to avoid 
thermal run-away effects and sub­
sequent mechanical fai lure. The most 
straightforward way to keep temper­
atures low is to increase the surface 
for heat exchange but there are tech­
nological and f inancial consider­

ations which lead to an opt imum ring 
thickness of the order of 20 to 35 mm. 
Also, too effective cool ing could be 
dangerous when switching on because 
the ferr i tes, initially at room temper­
ature, could experience a thermal 
shock. 

A great deal of effort has gone into 
determining the necessary heat ex­
change surfaces and rates of exchange 
for a given ferri te. The mathematical 
model for the ferri te behaviour was 
chosen first with constant parameters 
and later with temperature dependent 
parameters requir ing a double iter­
at ion computat ion. The computat ions 
were checked in a laboratory test set­
up. As a result, the Booster ferr i te 
rings (350 mm outside diameter, 
200 mm inside diameter, 30 mm thick) 
are spaced by 1 mm and are air 
cooled, the air temperature rising 
f rom 21 to 27 °C. For the water-cooled 
30 kW PS cavit ies, a version was in i ­
t ial ly developed with lateral d i rect 
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The test cavity, shown open in the photograph, 
where the properties of individual ferrite rings 
were measured prior to incorporating them (if 
they met the required standards) in the 
accelerator cavities. A ring of 440 mm outside 
diameter, 250 mm inside diameter and 33.3 mm 
thick is under test. Below the test cavity is an 
r.f. power amplifier, capable of delivering more 
than 1 kW to the ring, and bias supply, capable of 
delivering a sine half wave of 3 kA peak. 

Since the temperature has such an important 
influence on ferrite behaviour, the cooling of r.f. 
cavities where large ferrite rings are used has 
to be studied very carefully. An air-cooling 
method was selected for the cavities of the PS 
Booster and the photograph shows tests being 
carried on a laboratory model. The large rings 
are on the right. 

cool ing (involving impregnation of the 
ferr i tes to avoid dielectr ic losses). 
However it was not possible in the 
t ime available to f ind a radiat ion-
resistant impregnat ion which would 
be sat isfactory electr ical ly and the 
final design has water-cooled copper 
rings interleaved with the ferri tes (440 
mm outside diameter, 250 mm inside 
diameter, 33.3 mm thick). 

Vacuum problems 

Due to the powder pressing and 
sintering process used in the manu­
facture of ferr i tes, their surface struc­
ture is porous and the true surface 
area is much larger than is apparent. 
The small pores tend to fi l l with water 
when in a humid atmosphere. If the 
ferr i te is then placed in a vacuum at 
room temperature, it releases the 
water in the form of vapour at a low 
rate and this l imits the obtainable 
vacuum of a system for a long t ime 
at a level too high for accelerator 
operat ion (one gram of water at a 
pressure of 1 X 10" 6 torr gives about 
10 9 l i tres of vapour and the vapour 
volume is inversely proport ional to the 
pressure). 

Something has to be done if these 
ferr i tes are to be used in very high 
vacuum. Three of the possible sources 
of improvement are : 
(i) The ferr i te manufactur ing process 
could be altered so as to obtain a 
much denser product (reducing or 
even el iminat ing the number of pores). 
From the user's point of view this 
would be the most useful and eco­
nomic but the technological problem 
is in the hands of the manufacturer ; 
(ii) The magnet could be installed in 
a vacuum tank equipped with a 
surrounding oven so that it is possible 
to bake out the whole assembly in 
situ. This was the solut ion chosen by 
the ISR where the vacuum require­
ments of less than 1 0 * torr are ex­
cept ional . It involves many compl i -
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Detecting differently 
a) Ultrasonic bubble chambers 

cations in the select ion of materials, 
seals, etc. Taking the ISR inflector, 
where there is a k icker magnet wi th a 
ferr i te yoke, as a typical example 
— repeated bakeout cycles to 300 °C 
lasting about ten days each were 
init ially needed to obtain a vacuum of 
about 10~1C torr with a reasonable 
pumping speed ; 

(iii) A bakeout treatment could be 
given to the ferr i tes prior to their 
assembly in the vacuum system. Be­
cause of its relative simpl ic i ty, this 
was the method adopted for the PS 
and Booster k icker magnets, where 
the vacuum is 1 X 10 7 torr. To de­
termine the pumping capacity needed 
on the kickers, approximate measure­
ments were made of the degassing 
rate of the ferr i tes. The measure­
ments showed that a ten-fold reduc­
t ion in the rate can be achieved by a 
relatively s imple treatment. However, 
the t ime for wh ich a ferr i te is exposed 
to the atmosphere after a vacuum 
bakeout or after a pump-down is an 
important parameter and the rate of 
outgassing is sti l l very high (compared 
with values of 5 X 10" 1 1 torr l/s c m 2 for 
cleaned unbaked stainless steel after 
40 hours of pumping). Pumpdown dif f i ­
cult ies with these magnets after ex­
posure to the atmosphere are frequent 
and much more has to be learned 
about their vacuum behaviour. System­
atic measurements are therefore con­
t inuing. 

As a result of this research wi th 
ferr i tes they can be used in accele­
rator environments more eff iciently 
and with more conf idence that the 
desired per formance can be achieved. 
In general, the research has provided 
much more knowledge of the be­
haviour of ferr i tes under a variety of 
operat ing condi t ions. 

Conventional bubble chambers oper­
ate by applying pressure changes to 
a l iquid by means of a mechanical ly 
dr iven piston. The possibil i ty of 
achieving the pressure changes by 
subject ing the l iquid to sound waves 
has been studied at CERN during the 
past four years. 

One reason for the interest in ultra­
sonic bubble chambers is that they 
would avoid many of the restrict ions 
in chamber construct ion which come 
from the mechanical stresses involved 
in the operat ion of cumbersome 
mechanical expansion systems. But, 
more importantly; the interest is in 
f inding a simpler way of achieving 
high repeti t ion rates for bubble cham­
ber operat ion. The possibil i ty of taking 
many pictures during an accelerator 
cycle is attractive and opens up the 
prospect of using a small chamber as 
a 'vertex detec tor integrated with an 
electronic counter detect ion system. 
A high repeti t ion rate for the chamber 
would bring it more in line with the 
data-taking capabi l i t ies of counters. 

In the experiments at CERN a plane 
standing wave f ield is set up in the 
chamber l iquid. The sound wave is 
produced between two piezo-electr ic 
t ransducers or one transducer and a 
reflector plate. Bubble nucleation as 
a result of local overheating takes 
place in those regions where the 
pressure has fal len below a certain 
value at the instant when a charged 
part ic le passes. (The 'memory' of a 
bubble chamber is extremely short 
— about 10 9 s — due to fast heat 
dif fusion). There is thus a separation 
between bubbles or bubble groups of 
about one wavelength. To achieve an 
acceptable bubble density in the 
chamber, so that the part icle paths 
can be accurately t raced, high fre­
quencies are required. For a sepa­
ration of 2 mm between bubble groups 
a frequency of about 100 kHz is 
required in hel ium and 400 kHz in 
hydrogen. The strongest transducer 

H. Hiike 
materials in this frequency range are 
lead-zirconate-t i tanate ceramics and 
these were used in the CERN exper i ­
ments. 

Initially, negative or non-conclusive 
results were obtained using heavy 
l iquids in the chamber partly due to 
strong optical distort ions caused by 
the modulat ion of the index of refrac­
t ion by the pressure waves. At the end 
of 1968, l iquid helium was tr ied and 
the first part icle tracks ever to be 
photographed in an ultrasonic bubble 
chamber were achieved. Two PZT4 
transducers 7 cm in diameter were 
used separated by 5 to 8 cm and 
a sound wave frequency of 100 kHz 
(later 360 kHz) was appl ied. It was 
found that the bubbles did not col lapse 
under the first positive pressure swing 
but cont inued to grow, reaching visible 
size in less than 60 sound periods. If 
Nature had not al lowed this to happen 
the research could have stopped 
there. 

Liquid hydrogen is of much greater 
interest as a bubble chamber f i l l ing 
because of the simpl ic i ty of the hydro­
gen nucleus. The next step was there­
fore to try to form bubbles on part ic le 
tracks in l iquid hydrogen. Unfortun­
ately, the pressure ampl i tude needed 
in hydrogen is about 3 atmospheres, 
which is ten times that needed for 
hel ium (where the pressure require­
ments are the lowest of ail l iquids 
because of its low surface tension). 
The power requirements are even 
more disturbing being fifty t imes those 
needed for hel ium. 

Due to the extreme acoust ic mis­
match between the ceramic material 
of the piezo-electr ic transducer and 
the l iquid hydrogen, there are ex­
cessive internal stresses in the trans­
ducer (about 2000 atm in the trans­
ducer when producing a 3 atm travel­
l ing wave in the hydrogen — un­
fortunately the breaking stress for the 
ceramic material is 250 atm !) A solu­
t ion to this problem was sought by 
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A diagram of the pressurized transducer system. 
Here a perspex plate serves to match the 
acoustic properties of the PZT4 disc to those of 
the liquid hydrogen in the chamber. Good 
acoustic contact between the plate and disc is 
achieved by pushing them together with helium 
gas at 50 atmospheres pressure. 

The unit, known as the transducer cradle, holding 
the piezoelectric crystals being slid into place 
in the test rig. Visible in the cradle is the disc 
shape of the reflector and receiver crystal. The 
first ever tracks in an ultrasonic bubble chamber 
containing liquid hydrogen were taken in this 
test rig. 

Ultrasonic bubble chamber photographs. 
1. This was taken in liquid helium between PZT 
crystals 5 cm apart using minimum ionizing pions 
and protons. The bubble regions are separated 
by a distance corresponding to one wavelength 
of the ultrasound (2 mm at 100 kHz). 
2. This was taken in liquid hydrogen and 
records Compton electrons initiated by gammas 
from a cobalt 60 source. The ultrasound was 
applied, via a glued crystal-perspex sandwich, 
at about 300 kHz equivalent to a 
wavelength of 3 mm). 
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trying to achieve a high standing wave 
ratio and by introducing acoustic mat­
ching. In a prel iminary experiment at 
the end of 1969, carr ied out in a 1 m 
chamber (the model chamber for 
BEBC), two non-matched transducers 
produced up to 1 atm in l iquid hydro­
gen, which led to track sensitivity 
only by adding a piston expansion to 
build up the necessary pressure 
swing. Later set-ups, which al lowed 
much more accurate tuning resulted 
in higher wave ampli tudes. But at high 
power levels the pressure gains (or 
quality factors) were poor due to non­
linear effects, whereas at low pow­
er the gains were better than expected. 

The efforts to produce a good 
acoustic matching system resulted in 
a lot of f rustrat ion. Plexiglass has 
almost ideal propert ies to achieve an 
eff icient match between the ceramic 
transducer and the l iquid hydrogen. 
But at taching plexiglass plates to 
ceramic discs appropriately is not at 
all easy. Pressurization or gluing is 
needed to ensure good acoust ic con­
tact. It was found that pressing the 
plates together (using high pressure 
helium gas) could result in sti l l further 
loss because of r igidity requirements 
not being met. A series of glues were 
tr ied but only one could stand the 
1 % di f ference in contract ion between 
ceramic and plexiglass on cool ing to 
l iquid hydrogen temperatures. (This 
glue was a 1 :5 mixture of 3 methyl 
butane and 2 methyl butane, which 
sol idi f ies only at l iquid ni trogen 
temperatures.) 

Both types of matching system, 
pressurized and glued, were t r ied. 
Both proved capable of giving the 
required 3 atm pressure swing in 
hydrogen at 300 kHz (the glued variety 
performing rather better). Without the 
help of conventional expansion tech­
niques track sensitivity in hydrogen 
was obtained for the first t ime about 
the end of 1971. With the pressure 
ampl i tudes which were achieved, 



b) Hydrogen streamer 
chambers 

repeti t ion rates of up to about 100 Hz 
seem feasible. 

Similar work has been going on at 
Dubna and they are reported to have 
achieved recently a 1.75 atm pressure 
swing in a plane ul trasound f ield wi th 
a pressurized system at 30 kHz. This 
is a cont inuat ion of a project wh ich , in 
1969, used a cyl indr ical t ransducer 
producing about 1 atm along its axis. 
In both their exper iments, piston ex­
pansion was used in addi t ion to obtain 
part ic le t racks. 

The research at CERN has, for the 
moment, been hal ted. It has already 
answered, posit ively, many of the 
questions concern ing the ultrasonic 
bubble chamber technique but further 
development is needed before the tech­
nique could be used. An interesting 
speculat ion is the possibi l i ty of 
achieving 2 X 10 5 separate sensit ive 
cycles per second by operat ion of an 
ultrasonic bubble chamber wi th hel ium 
as the chamber l iquid using the high 
power t ransducers developed in the 
course of the work with hydrogen. 
This impl ies the format ion of visible 
bubbles and their complete recom­
pression in one sound per iod. Theo­
retically it looks possible but, in 
pract ice, prob lems such as spurious 
boi l ing at the t ransducer surface 
could intervene. 

Finally, there have been two inter­
esting side results of the experimental 
work. Numerical integrat ion methods 
were appl ied to the problem of bubble 
osci l lat ion and growth and gave new 
insight into cavi tat ion phenomena in­
c luding strong mass transfer. Also, 
theoret ical invest igat ions on the be­
haviour of p iezoelectr ic t ransducers 
have revealed that the current ly 
accepted theory omits a major term. 
The term is, in fact, predominant in 
the case of t ransmission of sound 
waves into l iquid hydrogen and he­
lium and plays a signi f icant role in a 
wide range of present appl icat ions of 
ul trasound. 

A streamer chamber is a part icle 
detector in which the passage of a 
charged part ic le is seen in the form 
of small streamers of plasma (0.5 to 
1 m m in diameter and 1 to 10 mm 
long depending on the parameters of 
the chamber). Their density along the 
trajectory is typical ly 4 to 5 streamers 
per cent imetre for a part icle at mini ­
mum ionization and a gas under 
normal condit ions. The streamers are 
produced by applying a short high 
voltage pulse (about 15 ns and 20 kW 
cm for a hel ium-neon mixture) a few 
microseconds after part icles have tra­
versed the chamber 's sensitive volume. 
The chamber 's memory t ime may be 
adjusted by mixing impurit ies with the 
gas (for example 0.1 to 0.2 ppm of 
sulphur hexafluoride) which promote 
the fast recombinat ion of the primary 
electrons. 

The streamers develop for each 
primary electron, produced by the 
ionizing effect of a charged part icle 
passing through, as soon as the 
electron avalanche, which is induced 
by applying the electr ic f ie ld, reaches 
a suff icient threshold (of the order of 
10 8 electrons). These streamers are 
character ized by a sudden increase 
in the luminosity around the head of 
the electron avalanche. The luminosity 
is dif fused at an apparent velocity ten 
t imes greater than the avalanche 
(10 7 to 10 8 cm/s ) and simultaneously 
towards the anode and the cathode. 
The l ight is suff icient for the tracks to 
be photographed direct ly by using 
wide camera apertures and sensitive 
f i lm. 

This type of detector has many 
advantages. It is possible to tr igger the 
chamber for a given type of event. The 
detector can accept up to 10 6 par­
t ic les per second and the picture 
taking rate could, theoretical ly, be 100 
per second or more by avoiding the 
use of cameras and by introducing 
direct recording (Plumbicon or photo­
sensit ive matrices). At present the 

F. Rohrbach 
rate is usually about f ive per second 
but the chamber itself has a very low 
dead t ime since there is no discharge 
as in a spark chamber. 

Also, the measurement accuracy is 
not l imited by mult iple Coulomb 
scatter ing because the density is very 
low. Almost 4x detect ion is achieved. 
Only t racks which are parallel to the 
f ield and strongly ionizing may cause 
breakdown. The latter sets up a l ight 
background which is often a nuisance 
but this can be el iminated if the pic­
tures are taken before the streamer 
is formed provided an image inten-
sif ier is used. The detector may be 
of any length (a 5 m chamber is being 
built in the USSR). There is no l imit 
on wid th , and the depth is direct ly 
related to the available voltage. 

If such a detector could also have 
the virtues of a hydrogen target, the 
result would be a visible and t r ig-
gerable hydrogen target. Moreover, as 
the density of the target is very low 
(about 800 t imes less than in a l iquid 
hydrogen bubble chamber), the view 
would in effect be magnif ied around 
the vertex and recoil protons wi th low 
momentum would become visible and 
easy to measure. 

To try to fasten onto these ad­
vantages a programme of research to 
produce a hydrogen streamer cham­
ber was init iated at CERN in 1968. The 
first tests were performed wi th con­
ventional high voltage techniques 
(Marx generator) and soon showed 
that it would be technical ly di f f icul t 
to obtain t racks in hydrogen similar in 
qual i ty to those obtained in hel ium-
neon mixture. 

The main dif f icult ies are : a) to 
obtain short streamers, the voltage 
pulse must be very fast (about 6 ns) 
probably due to the short l i fe-t ime of 
the main exci ted states of the hydro­
gen molecule (less than 1 ns) ; b) the 
electr ic f ield must be much higher 
(from 1.5 to 2.6 t imes higher depend­
ing on the impurit ies added to the gas 
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1. Drawing of the specially designed Blumlein line 
which has enabled extremely short high voltage 
pulses to be achieved. The detail of its spark 
gap, with the tungsten pin 0.1 mm in diameter 
to which is applied a trigger pulse from a Marx 
generator, is picked out. 

— the purer the gas, the higher the 
f ield must be). The overvol tage has to 
be about 450 % ; c) the reproducibi l i ty 
of the voltage pulse height must be 
very good (about 2 % maximum f luc­
tuation permissible wh ich is twice as 
str ingent as in hel ium-neon) if the 
picture quality is to be kept constant. 

A systematic at tack on these pro­
blems was mounted in 1970. The 
biggest dif f iculty was to generate a 
500 kV, 6 ns pulse wi th less than 2 % 
f luctuat ion. No known system had a 
suff iciently short rise t ime to achieve 
this performance. The use of a Blum­
lein coaxial l ine to shape the pulse 
seemed most promis ing. Systematic 
studies revealed that the pulse rise 
t ime was not l imi ted by the specif ic 
inductance of the arc but by the d i ­
mensions of the short -c i rcui t plane at 
the spark gap. 

For a maximum pulse length of 6 ns, 
the rise t ime must not exceed 2 ns. 
This means that the radius of the line 
must be less than 5 to 6 cm. This is 
incompat ible wi th the fact that the 
line must be able to carry a very high 
voltage before swi tch ing. To reconci le 
these compet ing requirements, a 
conical Blumlein l ine was designed 
and constructed. The spark gap is, of 
course, located where the f ield is at 
a maximum and the sel f - inductance at 
a minimum, namely at the top of the 
cone, and the output may be as high 
as required by the d ie lectr ic strength 
of the insulation being used. Further­

more, the cone itself is an impedance 
transmission line. The length of the 
two channels of the conical Blumlein 
l ine may be compensated by applying 
the di f ference between the dielectr ic 
constant values of the gas in the 
outside line and of the insulator (aral-
dite) in the inside line. This is 
important since the dif ference between 
the propagat ion t imes for the two 
lines lengthens the pulse's decay t ime 
and causes undesirable stray osci l ­
lations. 

Blumlein lines have been cons­
t ructed accord ing to these pr inciples 
and the desired performance has been 
achieved. The intr insic rise t ime has 
been reduced to 1 ns. To obtain good 
reproducibi l i ty, a d.c. voltage (0.1 % 
stabil i ty) was used to charge the coni­
cal l ine. To tr igger the pulse, a new 
type of spark gap was developed 
where tr igger ing was achieved with 
100 % reliabil i ty. It involved the use 
of an extremely f ine tungsten pin (0.1 
mm in diameter) to which a tr igger 
vol tage of up to 300 kV was appl ied by 
a very small Marx generator. Al l the 
systems which are used at lower 
voltages (up to 100-200 kV) proved 
ineff icient as their delay t ime is too 
long. 

With this generator, a pulse of 
500 kV wi th a rise t ime of 2 ns and a 
base of 6 ns was appl ied to a streamer 
chamber measuring 21 X 26 X 9 cm 3 . 
The maximum delay between the 
passage of the-part ic le and the arrival 

2. A series of photographs (taken both parallel 
and perpendicular to the magnetic field) showing 
streamers as they have been recorded in different 
gases. 1. In hydrogen where very short high 
voltage pulses are required — the actual 
conditions were voltage gradient 33 kV/cm, 
pressure 200 torr and pulse length 6 ns (1.6 ns 
rise time). 2. In helium with a 27 kV/cm gradient, 
350 torr pressure and the same pulse length as for 
hydrogen. 3. In methane with a 35 kV/cm 
gradient, 190 torr pressure and a 9 ns pulse 
length (2.5 ns rise time). 4. In a helium-neon 
mixture with a 20 kV/cm gradient, 660 torr 
pressure and 16 ns pulse length (4.1 ns rise time). 

of the high voltage pulse was 400 ns. 
The chamber has been tested with 
hydrogen, hydrogen mixtures and 
other gases. 

For the f irst t ime, streamers in pure 
hydrogen have been photographed. 
The streamers are a bri l l iant white, 6 
to 8 mm in length and about 1 mm in 
diameter. The tai ls of the streamers 
can be reduced by adding small quan­
tit ies of methane or sulphur hexa-
f luor ide to the hydrogen. 

Comparat ive measurements were 
carr ied out on a series of chamber 
gases. For example, the ratio between 
the necessary electr ic f ields for differ­
ent gases compared wi th that for 
henogal is approximately 3.4 for me­
thane, 2.6 for hydrogen and 1.45 for 
hel ium. Methane provides streamers 
of better qual i ty than those obtained 
in henogal al though the electr ic f ield 
is greater. When hydrogen is mixed 
with methane (0.5 to 1 %) or sulphur 
hexaf luoride (about 50 ppm) the re­
quired f ield is reduced by 10 to 40 %. 

Fol lowing this research, there 
appears to be no fundamental tech­
nical obstacle to prevent construct ion 
of a hydrogen streamer chamber 
2 X 1 0 to 2 X 15 cm deep of any 
desired width and length. Further­
more, the research has contr ibuted to 
high vol tage technology where appl i ­
cat ions may be found in several other 
f ields (such as X-ray flash tubes, fast 
pulsed kickers and very high vol tage 
spark gaps). 
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Witchcraft in the workshops 

B. L. Daniell 
One of the main tasks of the CERN 
workshops is to tackle the product ion 
of special i tems (often just one-off 
jobs) which are cal led for by the ex­
perimental or accelerator teams. This 
often demands some appl ied research 
involving workshop techniques. The 
fol lowing art ic le descr ibes just one 
topic from many to show the sorts of 
skil ls which can be brought to bear. 

Thin foils for magnet shimming 

A small storage ring is being built for 
the measurement of the 'g-2' of the 
muon to even greater accuracy (see 
vol. 6, page 152 for the story of the 
previous exper iments). To achieve the 
required accuracy, the f ield in the 
forty magnets of the storage ring 
(each about 1 m long wi th an aperture 
of 12 X 8 cm 2 ) has to be uniform to 
one part in 10 5. Normal manufactur ing 
processes cannot give such uniformity 
and a measurement and correct ion 

system has been set up at CERN. 
Some correct ions are being achieved 
by applying extremely thin foi ls to the 
magnet pole faces. The foils have 
been produced using techniques de­
veloped in the workshops. 

Four magnets are mounted in the 
test rig, the outer two being to avoid 
end effects. The f ield measurements 
are analysed by computer and from 
the deviat ions from a uniform f ield it 
can be calculated whether metal 
should be added or removed from 
areas of the magnet pole pieces. The 
computer calculat ions are accurate to 
about 30 % and therefore, after the 
pole pieces have been corrected, a 
second measurement is taken and 
analysed and a second correct ion may 
be needed. Thus it is desirable to be 
able to correct the magnets without 
their being removed from the test rig. 

The metal removal technique has 
not been studied in detail yet but it 
can be done either mechanical ly, 

electroiyt ical ly or chemical ly. For the 
metal addit ion several techniques 
have been studied. For example, three 
standard electrochemical techniques 
can be used to deposit metal in situ. 
However, the possibi l i ty of leakage of 
electrolyte causing corrosion (part icu­
larly when applied to upper poles) 
plus the fact that the deposi ted layer 
tends to be thicker at the edges of 
the plated area (which could cause 
local f ield variations) led to the 
method being rejected. 

A second possibi l i ty is to plate 
using a portable anode on the end of 
which is some absorbent material to 

Four magnet units for a small storage ring being 
assembled in a test rig for careful field 
measurements. The storage ring is to be used 
to measure 'g-2' of the muon with extreme 
accuracy. To achieve the required accuracy the 
magnets have to be corrected so that they give 
uniform field across their aperture. The CERN 
workshops have developed the techniques 
necessary to produce thin foils for shimming 
the magnets. 
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Materials 
with 
memory 

H. Bargmann 
hold the electrolyte. However the 
magnet surfaces are not f lat and this 
makes the problem of posi t ioning the 
anode dif f icult and also the probe 
wears away. Alternat ively, it is possible 
to use a jet of e lectrolyte but then 
there is a high probabi l i ty of corrosion. 

The selected technique is to shim 
the magnets by s t ick ing thin iron foi ls 
onto the pole surfaces in the required 
areas. The poles are there general ly 
sl ightly concave in appearance and a 
male repl ica can be machined so 
that iron foi ls coated wi th araldite 
can be pressed into precise posit ions 
on the magnet and the resin cured by 
heating with an infrared source. 

This is a s imple way of modify ing 
the magnet pole pieces and it has the 
advantage that, once the correct ions 
have been made, new f ie ld meas­
urements of the magnet ic f ield can 
be carr ied out and further correct ions 
appl ied, if necessary, wi thout delay. 
The big problem is to make flat iron 
foi ls approximately 10 microns thick, 
20 cm long and 2 cm wide. 

To deposit this th ickness of iron on, 
for example, a copper substrate is a 
relatively simple operat ion. However, 
when iron is plated if is not duct i le 
l ike normal iron but very bri t t le. In 
addi t ion, there are very high internal 
stresses between the plate and the 
substrate and if the copper is che­
mical ly dissolved in 1 % nitr ic acid to 
release the fo i l , the str ip bends and 
the foi l is c racked. 

To overcome this a second layer of 
metal can be plated on top of the iron 
so that when the two layers are 
removed chemical ly at the same t ime 
the iron remains f lat and unbroken. 
If the second layer is copper the rate 
of solut ion of the plated layer wi th 
respect to the rol led copper substrate 
is dif f icult to contro l . It was found by 
experiment that if a layer of nickel of 
control led th ickness is plated on the 
iron both the nickel and the copper 
can be dissolved at equivalent rates 

in a sodium cyanide/sodium sulphate 
bath at 60 °C to produce a satisfactory 
foi l . For a 10 ^m iron foi l , a nickel 
coat ing of 12 urn is needed (other 
thicknesses produce a cracked foil). 
The foi ls are sti l l very britt le and have 
to be stress relieved before use. 

The vacuum furnace in which heat 
treatment is carr ied out is in the West 
workshop whi le the foi ls are made in 
the Godet workshop and the first foi ls 
broke in transit. The stress relieving 
operat ion is carr ied out at temper­
atures between 700 and 900 °C and, 
since the foi ls must not be contamin­
ated wi th either copper or nickel, 
stress relief cannot be carr ied out 
before the support ing layers are re­
moved. The dif fusion of nickel and 
copper into iron at low temperatures 
is very slow and by experiment it was 
found that heat treatment at 450 °C 
gives suff icient duct i l i ty to the foils 
that, after s t r ipping, they can be 
transported safely. A final stage of 
vacuum heat treatment is carr ied out 
to give complete stress relief whi le 
the f latness of the foi l is maintained. 

Rapid heating or cool ing results in 
temperature gradients in the foi l 
wh ich cause local plastic deformation. 
In addi t ion, there is an al lotropic 
change in iron at approximately 
900 °C, and this can also cause plastic 
deformat ion. It is therefore necessary 
to heat and cool the foi ls slowly — a 
rate of 100 °C per hour was found to 
be satisfactory. 

Having worked out how to steer 
between all these obstacles the work­
shops f inal ly emerged with very thin, 
flat, stress free foi ls. Their cost is 
about one tenth of that asked by 
outside industry. 

CERN has an obvious interest in the 
behaviour of materials and structures 
since it indulges in a great deal of 
mechanical construct ion and since it 
often exposes materials to rather 
extreme condi t ions. For the most part 
the necessary knowledge can be 
gathered f rom other f ields where 
appl ied research has had to be done 
in order to use materials under sti l l 
more extreme condit ions. For ex­
ample, a great deal of the necessary 
knowledge of how materials are going 
to behave in intense f luxes of radiation 
has been gathered in the nuclear 
reactor industry. 

In recent years there has been par­
t icular interest in knowing how ma­
terials wi l l stand up to loads. For 
instance, the ISR vacuum chambers 
at intersect ion regions, must wi thstand 
atmospher ic pressure and yet must be 
extremely thin so as to al low the par­
t ic les emerging f rom the interact ions 
to reach the detectors outside with as 
litt le h indrance as possible. Also 
there have been material fai lures 
which were di f f icul t to understand 
because large safety factors had been 
used in the design. 

This led CERN to delve into some 
appl ied research to try to understand 
more deeply the behaviour of ma­
terials under stress. The research in­
volved development of cont inuum me­
chanics — the mathematics of ma­
terial behaviour. 

The celebrated theory of elastici ty 
for sol id bodies at elevated temper­
ature frequent ly ceases to hold — the 
sol id becomes viscoelast ic. This is 
wel l known in modern aero-space 
engineering in reactor technology, and 
at CERN (in connect ion with certain 
equipment for special heat treatment 
of vacuum chambers). Viscoelast ic 
sol ids do not respond only to the pre­
vai l ing external inf luences but have a 
memory of what has happened to 
them dur ing their entire past. 

To some extent all structural ma-
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An example of creep in crystalline material. The 
distortion of the snow cap on a garden fence in 
Sweden developed over a couple of days while 
the external influences on the snow remained 
virtually unchanged. 
(Photo from F.K.G. Odquist's book 'Mathematical 
theory of creep and creep rupture' by courtesy 
of the Clarendon Press.) 

A cylindrical shell 50 cm in diameter (made of 
niomic 75) which has creep buckled under 
atmospheric pressure after some time, despite 
no change in the stresses to which it was 
subjected and despite having a generous safety 
factor above the strength needed to resist 
ordinary elastic buckling. 

terials possess the property of elast ic i­
ty — the deformat ion of a body disap­
pears when the load to which it has 
been subjected is removed. This was 
first announced for the special l inear 
case in 1676 by Robert Hooke in the 
form of the anagram 'cei i inosssttuv' 
which he spel led out two years later 
as 'Ut tensio sic vis ' or T h e power of 
every spr ingy body is proport ional to 
its extension' . Pract ical ly all the great 
mathematical physicists of the fo l low­
ing 300 years spent some t ime ela­
borat ing on the terms ' power 
' springy ', and ' extension ' and the 
theory of elast ic i ty has found wide 
appl icat ion in the solut ion of engi­
neering problems dur ing the past cen­
tury. Many good engineers sti l l believe 
in Hooke's law as the only law de­
scr ib ing the behaviour of sol id ma­
terial . And if there are obvious de­
viations such as when, under constant 
load, plastic deformat ions increase 
with t ime (so-cal led 'creep') and so 
on... these fai thful engineers take 
care of them by adding generous 
safety factors into their design. 

Hooke's s imple law is very often 
violated s ince creep effects under 
mechanical stress are observed in 
most sol ids. They are known in glass 
and bi tumen ( l iquids, more or less, 
with very high viscosity) in concrete 
and in organic polymer. Organic poly­
mer at low temperatures is a bri t t le, 
glassy sol id. At elevated temperatures 
it is a rubbery mater ia l , l ike tangled 

yarn. At sti l l higher temperatures it 
becomes like a dish of spaghett i 
— addit ional viscous f low appears as 
the temperature increases, mainly due 
to shorter segments of chains of 
molecules sl id ing more easily over 
one another (viscoelasticity). Finally, 
the polymer turns into a viscous f lu id. 
In all these cases, creep has a linear 
viscoelast ic nature and hence can be 
treated by good clean mathematics. 

Metal creep at elevated temper­
atures is mainly due to t ime-
dependent plastic deformation of 
grains, grain-boundary sl id ing, or d i ­
rect di f fusion. Here, non-linear be­
haviour is predominant and it is also 
in the corresponding mathematics. 

Modern cont inuum mechanics is 
now based on non-linear thermody­
namics : f rom the first and second 
law (together wi th certain invariance 
requirements that the material pro­
pert ies should not depend on the 
observer) all the thermo-mechanical 
equations emerge and they severely 
restrict the possible laws descr ibing 
material behaviour. What remains is 
sti l l a wide class of funct ional rela­
t ions — relat ing, for example, the pre­
sent state of stress of a body wi th its 
previous history of deformation. From 
these relations it emerges that a solid 
at low temperatures obeying Hooke's 
law has a memory of one state only 
(the unstressed initial configuration) 
whi le at high temperatures, v isco­
elastic sol ids have memory of their 



Handling high voltages 
a) Voltage holding in vacuum 

entire past (frequently a fading me­
mory as with human beings). 

These problems and their mathema­
t ical treatment have been tack led at 
CERN since the solut ions were not 
available f rom elsewhere. The fo l low­
ing case wi l l indicate that the solu­
t ions are certainly needed. 

The cyl indr ical shell of a vacuum 
furnace at CERN buckled under ex­
ternal atmospheric pressure, at high 
temperature, after a f in i te t ime. The 
cyl inder was more than adequately 
designed to resist ordinary (elastic) 
buckl ing having a safety factor of 20. 
The material was good high temper­
ature steel wi th 8 0 % nickel , 1 5 % 
chromium, and 2 % iron. It should 
have easily wi thstood external atmos­
pheric pressure at high temperature, 
and it did so perfect ly for more than 
a year. But then it co l lapsed abruptly, 
as if it were made of paste, though 
the external condi t ions were un­
changed. Gradual ampl i f icat ion of 
geometr ical imperfect ions had ac­
cumulated and f inal ly led to sudden 
col lapse. The structure had memory 
and did not respond only to its pre­
vai l ing load, but also to its loading 
history and col lapsed when its present 
plus its entire history became too 
much. 

CERN calculat ions are in excel lent 
agreement wi th the observed fai lures 
and give precise advice on how to 
ensure safe construct ions in the 
future. Similar problems occur f re­
quently also in aerospace and nuclear 
reactor engineering and the CERN 
work wi l l be useful there. 

In addi t ion to the special ized systems 
which are to be found around the 
large part ic le accelerators, there are 
many other devices which have to 
operate in vacuum and at high voltage. 
Apart f rom electrostat ic separators, 
accelerat ing columns, def lectors and 
electrostat ic septums, there are other 
appl icat ions such as cathode-ray 
tubes, electron microscopes, high-
power cryol inks, generators for use in 
interstel lar or lunar space, electron 
guns for industry... This range of 
appl icat ions led many university and 
industr ial laboratories to make a great 
effort dur ing the past decade to over­
come the problems of insulation in 
vacuum, certain aspects of which 
remain obscure today. 

At CERN the need to obtain good 
performance from the high voltage 
pre- injector of the PS and to achieve 
high-quali ty separated beams of se­
condary part icles led to an intense 
programme of technological research 
beginning in 1961 in order to improve 
voltage holding in vacuum and to 
increase the rel iabil i ty of the existing 
equipment. CERN thus had the oppor­
tunity to do pioneer work in this f ie ld. 

To quote a few f igures : in 1961, a 
maximum electr ic f ield of 55 to 
60 kV/cm could be obtained using 
large (about a square metre) elec­
trodes 1 0 c m a p a r t ; in 1969, 110 to 
120 kV/cm was being recorded under 
the same condi t ions. Yet this is stil l 
surpr is ingly far from the theoretical 
l imit of 100 000 kV/cm ! 

An attempt was made to discover 
the mechanisms which lead to break­
down in vacuum and more especial ly 
in ultra-high vacuum (less than about 
10~8 torr). By measuring the arc for­
mation t ime accurately as a funct ion 
of the voltage and the gap between 
two plane pure t i tanium discs, infor­
mation was obtained on the role 
played in the breakdown mechanisms 
by f ield emission and by the impact 
of charged micrppart ic les. This re-

F. Rohrbach 
search has shown that, depending on 
the gap between the electrodes, one 
or other of the phenomena pre­
dominates. 

In the case of short gaps (less than 
about 10 mm), the electr ical d ischarge 
is init iated by the explosion of a 
cathode micropoint (0.1 to 0.5 wm 
high), caused by too intense a f ield 
emission leading to thermal instabil i ty 
of the emit t ing point. At greater dis­
tances, it is the so-cal led micro-
part icles (from 0.01 to 10 ^m in dia­
meter) that cause the breakdown 
when they are torn from the anode, 
accelerated (up to velocit ies of several 
km/s) and str ike the cathode. The 
impact produces a microscopic f law 
which is suff icient to init iate an intense 
electron emission causing spontane­
ous breakdown due to the creation of 
microscopic points. 

There is a great di f ference in the 
t ime involved in these two types of 
mechanism ; in the case of short gaps, 
the breakdown lasts a few tens of 
nanoseconds whi lst at greater dis­
tances, when the micropart ic le has to 
be formed as wel l , it is a matter of 
microseconds and even mil l iseconds. 
The mechanism of format ion of micro-
part icles is sti l l under investigation but 
there can no longer be any doubt as 
to their existence. It is thought that, 
apart f rom the arc itself and the metal 
fusion that it causes, micropart ic les 
may also be created by a mechanism 
of accelerated surface dif fusion at the 
anode under electron bombardment 
and the resultant anode heating : the 
electron bombardment is due to 
emission f rom the microscopic ca­
thode points. 

We now have a clearer under­
standing of why it is possible to im­
prove the insulation in vacuum con­
siderably by using cathodes coated 
in insulating metal l ic oxide (such as 
AI2O3) or glass ; the use of a cathode 
coated with an insulating layer pre­
vents electron f ield emission. 
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Photograph taken with a scanning electron 
microscope showing the surface of a cathode 
made from pure titanium which has suffered 
breakdown at 600 kV in ultrahigh vacuum. 
Microparticles were torn away from the anode by 
the electrostatic forces when the high voltage 
was applied and have struck the cathode 
leaving craters. The rough crater regions are 
then likely points of origin of breakdown. 

The study of breakdown mecha­
nisms has shown that it would be 
better if devices wi th inter-electrode 
gaps of more than 1 cm were suppl ied 
with a pulsed rather than a d.c. 
voltage whenever the operat ing con­
dit ions permit ted pulse lengths as 
short as a few microseconds. There 
would then not be enough t ime for 
the micropart ic les to take effect. This 
should enable present performances 
to be doubled. 

The main improvements that have 
been made in the use of high vol tage 
in vacuum as a result of the work 
done at CERN can be l isted as 
fol lows : 

1) The use of cathodes coated wi th 
aluminium oxide in a layer approx i ­
mately 5 to 7fxm th ick doubles the 
breakdown vol tage. 

2) A 'good ' vacuum is very important 
to ensure rel iabi l i ty ( involving the use 
of turbomolecular pumps, no rubber 

seals, clean surfaces, and henogal as 
a residual gas). 

3) Electrodes made from t i tanium, 
perform better. 

4) Micropart ic les have been identi f ied 
as a cause of breakdown in vacuum 
across large gaps. 

In the course of the research, there 
have also been improvements in 
anci l lary equipment such as high 
voltage bushings, damping resistances 
and isolators, in the virtually unex­
plored megavolt regions. The work has 
often been done in close col laborat ion 
wi th industry which has thus bene­
f i ted considerably from the progress 
achieved at CERN. 

b) Application 
in 
electrostatic 
septums 

C. Germain 
A recent appl icat ion of the accumu­
lated experience in high voltage 
technology has been the design, 
construct ion and operat ion of electro­
static septums for the 28 GeV proton 
synchrotron. This has involved some 
further applied research because of 
the special environment and special 
requirements in the accelerator r ing. 

A septum is, in accelerator termi­
nology, a thin part i t ion-wall conf in ing 
a region in which there is a magnetic 
or electrostat ic f ield. Normally, a 
septum magnet has a C-shaped yoke 
closed by a thin wall forming the 
septum which is one side of the 
magnetizing current loop. Passing 
high current through the septum pro­
duces a field which is restr icted to 
the magnet aperture. An electro­
static septum usually has a l ight 
alloy yoke sealed with taut metal foil 
or wires. This electrode is earthed 
and, parallel to it, another electrode 
(thick this time) is connected to high 
voltage. Again this restricts the f ield 
to the region between the two 
electrodes so that it is virtual ly zero 
on the other side of the foil or wire 
plane. 

A septum of one type or another 
is an essential element of inject ion 
and eject ion systems in synchrotrons. 
The accelerated beam is subjected 
to progressive sweeping through a 
resonance region when the current 
in some auxi l iary magnets is modi f ied, 
and the ampl i tude of the osci l lat ions 
made by the protons is increased with 
successive revolutions until they jump 
across the septum and are def lected 
out of the accelerator r ing. The 
septum must be as thin as possible 
because proton losses are direct ly 
proport ional to the thickness of the 
septum they have to jump. 

This problem of loss on the septum 
has been aggravated by the develop­
ment of synchrotrons towards higher 
intensit ies. The fract ion of beam which 
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An electrostatic septum during assembly and 
prior to installation of the screens which protect 
the cathode from ion bombardment. Note the 
external mechanical systems which are linked to 
the accelerator control room so that the positions 
and orientations of the electrodes can be 
remotely controlled. 

can safely be lost wi thout exceeding 
an acceptable radiat ion level, has 
become smaller, and the interest in 
using thinner septums has increased. 

The problem with septum magnets 
is that, if the septum is made thinner, 
it cannot carry high enough current 
to set up the required f ield and hence 
the def lect ion it produces is too small 
for the beam to enter the extract ion 
magnet. The electrostat ic septum used 
as the first element in s low eject ion 
channels is at present the best solu­
t ion since it can be made very th in. 
In fact, the electrostat ic septum is 
added upstream of the first 'normal ' 
septum magnet, wh ich can then have 
a thicker septum and be more reliable 
to operate. 

To make the orders of magnitude 
clearer, we can look at the septum 
magnet constructed at CERN by 
R. Bertolotto. The septum has a th ick­
ness of 1.5 mm and cool ing water 
f lows through it under high pressure. 

St operates reliably under d.c. con­
dit ions at 0.2 T. It is not possible to 
reduce the thickness and still have 
water f lowing in the septum. Water 
cool ing can then only be done on the 
edges — the cool ing is not as good 
and the f ield has to be reduced 
because of the current the septum 
can take. With a thickness of a few 
tenths of a mil l imetre, the bending 
strength becomes inferior to that of 
an electrostat ic f ield, even for pulsed 
operat ion in slow eject ion. 

In the case of the electrostatic f ield 
there is no current going through 
the septum and therefore no heating 
problems. The septum can be very 
thin as it is needed just to set up 
an equipotent ial surface. 

The electrostat ic septum method 
has been used (under different condi­
tions) in certain cyclotrons for about 
ten years. They were not applied in 
synchrotrons until recently because it 
requires a very high electr ic f ield to 

achieve adequate bending of the part i­
cles, whereas quite modest magnetic 
f ields are equally efficient. For ex­
ample, for relativistic protons a weak 
magnetic field of 0.03 T (300 gauss) 
is equivalent to a high electr ic f ield 
of 9 MV/m (90 kV/cm). 

Introduction of the electrostatic 
septum at the CERN PS 

The first proposal for the use of 
an electrostat ic septum in the slow 
eject ion system of a synchrotron was 
at NAL in 1988 by A.W. Maschke and 
K.R. Symon. Brookhaven and CERN 
were interested because their synchro­
tron improvement programmes were 
aiming for 10 1 3 protons/pulse. A proto­
type electrostat ic septum was made at 
CERN in a few months and set up in 
straight sect ion 64 of the PS at the 
beginning of 1970 for slow eject ion 
tests. Serious diff icult ies were encoun­
tered due to different interactions 
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An electrostatic septum installed in the 28 GeV 
proton synchrotron. This septum is the first unit 
in the slow ejection system which sends protons 
to experiments in the East Hall. On the right can 
be seen the high voltage generator which feeds 
the electrodes of the septum. 

between the beam and the septum but 
they were solved progressively. It was 
nevertheless possible, at the first 
attempt, to eject a low intensity beam 
with a record slow eject ion eff iciency 
of about 9 5 % . 

After this encouraging start the 
prototype was set up, in June 1970, 
in straight sect ion 45 to take part in 
the development of the new slow 
eject ion system (called SQUARE), 
which sends beams to the West 
experimental hal l . A second electro­
static septum was set up in straight 
section 43 dur ing 1971 for slow 
eject ion 62 and, in October, resulted 
in the first normal physics run using 
the eject ion system for approximately 
250 hours. During 1971 the problems 
of high vol tage operat ion of the 
electrostat ic septum and its coupl ing 
with the beam were studied. 

This year, SQUARE has come into 
operat ion in straight sect ion 16 and 
its electrostat ic septum is located in 
straight sect ion 83. Up to now this 
septum has operated for about 730 
hours wi thout incident. The electro­
static septum of straight sect ion 83 has 
also been used successful ly for tests 
on the cont inuous transfer eject ion 
scheme. 

The development problems 
and their solution 

The electrostat ic septum, like the 
electrostat ic separator, is basically a 
flat capaci tor work ing in a vacuum. 
The techniques in both have much in 
common but there are some differ­
ences in the case of the electrostat ic 
septum which should be underl ined : 
— One of the electrodes (the anode 
in our case) must be very thin and yet 
keep its shape in spite of sparking ; 
— The vacuum is that of the synchro­
tron and therefore gas cannot be 
injected under contro l led condi t ions 
so as to work in a semi-vacuum of a 
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few 10 4 torr, which gives the best 
high voltage performance ; 
— The proton beam intensity is some 
mil l ions of t imes greater than that of 
a secondary beam ; 
— The proton beam strikes the anode 
septum and, furthermore, secondary 
ions are created by the protons in the 
residual gas and act on the cathode, 
which certainly does not make for 
good high voltage performance ; 
— The distance between the electro­
des is smaller, but the field is h ighe r ; 
— The radiation level of the environ­
ment is much higher, introducing 
problems of choice of materials and 
of maintenance. 

Different materials were tr ied and 
the best results were obtained with 
the oxide-coated cathodes developed 
for the separators. For the anode, 
stainless steel gave the best high 
voltage performance but was replaced 
by molybdenum, which is not quite as 
good but which retains its shape better 
under sparking. Titanium (with which 
J. Huguenin obtained very good results 
in the construct ion of an accelerator 
tube) proved less interesting, f rom the 
point of view of reliabil ity and per­
formance, for septums. 

The apparent thickness of the 
septum, which is a 0.1 mm molybde­
num foil stretched over the C-shaped 
yoke, is approximately 0.15 mm when 
all the irregularit ies in shape are taken 
into account. The posit ion of the 
electrodes -can be adjusted to 0.1 mm 

and the septum angle to 0.01 mrad, 
f rom the control room. In this way it 
is possible to optimise the operat ing 
condi t ions with regard to proton loss 
and operat ion under high voltage. 

It was found that the beam caused 
sparking even without proton loss 
despite satisfactory performance wi th­
out the beam. Analysis of this phe­
nomenon revealed that it was due to 
the act ion on the cathode of the 
secondary ions created in the vacuum 
chamber by the protons. The problem 
was cleared by introducing a system 
of screens to prevent the ions f rom 
fal l ing on to the cathode. An im­
provement in the PS vacuum also 
helped. 

Another effect of the beam is due to 
the loss of protons at small angles 
to the cathode, which tr iggers off 
sparking by intense secondary electron 
emission. This occurs if the spacing 
between electrodes is insuff icient for 
the dimension of the beam ejected. 
On the other hand, interact ion of the 
beam on the anode septum does not 
cause sparking with the present in­
tensit ies of 10 1 2 protons/pulse. 

Also the anode consti tutes a cavity 
resonator coupled to the beam and 
can be excited by some of the beam 
harmonics. The general problem of 
coupl ing to the beam has been 
studied, in part icular by H.H. Umstatter, 
and the resonance modes which were 
dangerous for the beam have been 
completely el iminated. 
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CERN 
News 

The CERN electrostat ic septum uses 
a thin metal foil but it is also possible 
to use a row of f ine paral lel wires and 
this is being tr ied in the USA. Wires 
should enable a good shape to be 
obtained more easily and should also 
result in smaller proton loss due to 
interaction in the septum since the 
average angle of mult iple Coulomb 
scattering for a row of wires is lower 
than for a foi l . We regard it as a 
potential improvement for the future 
but at present the maximum possible 
eff iciency using foi l has not been 
obtained. Furthermore, using foil is 
much easier, wh ich enabled us to put 
electrostatic septums quickly into ser­
vice, and to acquire exper ience of how 
they worked in normal operat ion in a 
synchrotron. 

Tests on wire septums have been 
carr ied out in the laboratory and in 
the PS to pinpoint their specif ic 
problems. Briefly, the problems which 
have to be solved are : increased 
mechanical compl icat ion and cost ; 
fragi l i ty of the wires when sparking 
(giving lower reliabil ity) ; inferior high 
voltage performance ; greater dis­
tort ion under the effect of the 
electr ic field ; di f f iculty of shielding 
the cathode against secondary ions ; 
electr ic fr inging f ield through the wires 
disturbing the orbi t ing beam at low 
(injection) energy. 

The seriousness of these problems 
varies with the speci f ic appl icat ion. 
Rows of wires may be used in the 
second generat ion of electrostat ic 
septums, when the maximum eff iciency 
of foils has been reached. 

Performances to date 

The electrostat ic septums used up to 
now in the PS are about 1 m long, so 
that they can be accommodated in the 
short straight sect ions of the machine. 

The septums are f irst tested in the 
laboratory and the maximum voltage 

value reached in the laboratory over 
a spacing of 10 mm is about 240 kV. 
In short durat ion tests (a few hours), 
the septums in the machine have 
funct ioned with the same spacing at 
voltages from 150 to 170 kV with low 
sparking rates (a few sparks per hour). 
It was even possible to work at 200 kV 
a few t imes. 

Several physics runs have used 
an electrostat ic septum as the first 
element in the slow eject ion system. 
The distance between electrodes was 
then adjusted to between 10 and 
12 mm. With the present beam charac­
terist ics, the work ing condit ions re­
quired of the electrostat ic septum are 
easily met : over a spacing of 10 to 
12 mm, all that is needed is a field of 
100 to 110kV/cm. The corresponding 
sparking rate is practical ly nil — e.g. a 
few sparks per day over a total of 
30 work ing days. 

A 2.3 m electrostat ic septum has 
been built by adding extensions on to 
the standard 1 m model. It has just 
been installed in the long straight 
sect ion 61, where it helps out the 
septum magnet in the version of 
SQUARE applied to slow eject ion 62. 

In conclusion the development work 
on electrostat ic septums has already 
resulted in improvements in slow 
eject ion eff iciency. With a spacing 
between electrodes of 10 to 15 mm 
and a work ing field of 100 kV/cm, very 
stable, reliable operat ion is achieved. 
It may be possible in the future to 
increase the field to 150 kV/cm, wi th­
out reducing reliabil i ty and also to use 
wires for increased eject ion efficiency. 
The experience acquired at the PS wil l 
be very valuable for the appl icat ions 
planned at the SPS and elsewhere. 

HPDs clock a million 
On 23 October the mil l ionth bubble 
chamber photograph was measured 
on the HPDs at CERN. This is in 
addit ion to about one and three 
quarter mil l ion spark chamber photo­
graphs which the machines already 
have under their belt. 

The Hough-Powell Digitizer has been 
descr ibed several t imes before in 
CERN COURIER (see for example 
vol. 10, page 46). Since their invention 
at CERN in 1959-60 (the only major 
automatic f i lm measuring system to 
emerge from Europe in the 1960s), 
the HPD has become the most widely 
used of these machines. About thirty 
of them are in act ion in different 
Laboratories throughout the wor ld . 
The first HPD mil l ionaire was at 
Berkeley (in March 1968), fo l lowed by 
Brookhaven (1970) and now (as far 
as is known) CERN. 

The HPD is by now a comparatively 
old device. Newer ideas (especially 
involving cathode ray tube measuring 
systems) are being developed and the 
wr i t ing is on the wall for the machines 
at CERN. 

A month earlier, on 20 September, 
around fifty part icipants f rom ail the 
Western European Laboratories using 
HPDs, gathered at Saclay for the 
annual informal one-day meeting. The 
first session was devoted to status 
reports and, with two exceptions, in 
general recorded solid product ion 
(l imited only by predigit izing capacity) 
giving annual totals of 80 000 to 
200 000 measured pictures. The two 
except ions are Rutherford, where there 
is virtual ly no predigit iz ing bott leneck 
and where one HPD measured 335 000 
events on f i lm from the 2 m bubble 
chamber in 1971, and CERN, where 
there are two HPDs, one of which 
(HPD2) has hardware problems and 
the other (HPD1) is also used for 
spark chamber f i lm. Together, the 
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To celebrate the measurement of the millionth 
bubble chamber event on the CERN HPDs we 
escape from the usual photograph of the machine 
or of an event and show instead a group of HPD 
pioneers captured on film at a meeting in 1960. 
Left to right: D. Maeder, H. Lipps, 
W.G. Moorhead, L. Kowarski, S. Nilsson, 
T. Lingjaerde, R.K. Bock, M. de Baets, F. Grard, 
L. Montanet, I. Derado, B. Aubert, P.V.C. Hough, 
D. Wiskott, B.W. Powell and Y. Goldschmidt-
Clermont. 

CERN machines measured 210 000 
events f rom the 2 m chamber plus 
65 000 spark chamber events in 1971. 

The second session concerned the 
development of 'Min imum Guidance' 
systems. The only laboratory current ly 
using this for physics is Amsterdam 
(60 000 events measured wi th reason­
able success), a l though some other 
Laboratories are developing systems 
or have new ideas. 

The session on large chambers 
grouped technical papers f rom several 
Laboratories on digi t iz ing electronics. 
Test samples f rom the Argonne 12 foot 
chamber and f rom Mirabel le are being 
used to try out the systems. The con­
clusion was that, despite different 
approaches (some using lasers and 
some not), such f i lm is digi t izable 
on HPDs. There was no paper on 
software for t rack recogni t ion. New 
geometry methods are being used on 
the first Mirabel le f i lm, they await a 
large f low of events to be ful ly tested. 

The meeting was a useful means of 
making contacts and exchanging infor­
mation and was wel l and hospitably 
organized by Saclay. It is hoped to 
publish the papers early next year. 

SKYLAB inaugurated 
On 16 November the European 
Southern Observatory Sky Atlas Labo­
ratory (ESO SKYLAB) was inaugurated 
at CERN. It is si tuated in a few ground 
f loor rooms of Bui ld ing 54 close to 
the barrack where the ESO Telescope 
Division is located for the durat ion of 
its col laborat ion wi th CERN (see May 
issue). In these rooms the painstaking 
task of amassing copies of an atlas 
of the sky in the southern hemisphere 
wil l soon begin. 

The northern sky was mapped in 
the early 1950s using the 48 inch 
Schmidt te lescope at Mount Palomar. 
It involved 1870 plates and copies of 
these have been used by astronomy 

research centres throughout the wor ld 
and have been of great importance 
in the research. Now the ESO 1 m 
Schmidt on La Silla in Chile is ready 
to start an equivalent exercise in the 
south and wi l l soon be joined by a 
48 inch Schmidt to be operated by 
UK astronomers at a site in Austral ia. 

The ESO telescope wil l begin with 
a rapid survey, taking about a year, 
in the blue wavelength. Each plate 
wil l cover a region of 5.5° X 5.5° 
requir ing a total of 606 plates for 
the entire map. These negative plates 
wi l l be on 1 mm thick glass and hence 
very fragi le. A positive copy wil l be 
made in Chile and it is this positive 
copy which wil l travel to SKYLAB. 
Only a l imited edit ion of thirty copies 
of this first rapid survey wil l be made 
and distr ibuted to centres in the 
ESO Member States, the UK and USA. 

Around May of next year, a longer 
and more thorough survey wil l begin 
in the red wavelength. This wi l l take 
about two years to complete and 
involve fast plates to record faint 
objects. Again 606 plates wil l be taken 
and wil l form the red half of the 
definit ive atlas of the southern sky. 

The blue half wil l be provided by 
the Schmidt in Austral ia which wi l l 
repeat the first ESO survey with 
greater resolut ion. Col laborat ion bet­
ween the two observatories has 
ensured that the scale and the 
centr ing of the plates at the two 
telescopes" wi l l be identical. SKYLAB 

wil l also handle the product ion of 
copies of the blue atlas. 

SKYLAB obviously has advanced 
photo developing and processing 
equipment with 'c lean' enclosures, 
freon washing baths to remove tiny 
specks of dust, photometr ic control of 
exposures, automatic pr int ing ma­
chines with vacuum presses, cold sto­
res, etc... It has work to occupy four 
people for many years because 200 
copies of the atlas are envisaged, each 
of 1212 f i lms 40X40 cm 2 . This corre­
sponds to a f i lm area of about 200 m 2 

and over this area not one speck of a 
diameter about 15 î m should either be 
missed or inadvertently int roduced. 
That would mean a star too few or too 
many. We wish SKYLAB wel l as it 
begins its exact ing task. 

New r.f. cavities 
The 28 GeV proton synchrotron has 
been operat ing since the middle of 
October with new r.f. accelerat ing 
cavit ies. This is the successful out­
come of a project to replace the 
original cavities which was init iated 
in 1968. 

The need for this replacement and 
the possible solut ions which were 
examined were descr ibed in CERN 
COURIER, vol . 10, page 113. There 
were two main aspects. The first 
was the interest in doubl ing the 
accelerat ing voltage of the cavit ies 
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One of the ten new r.f. accelerating cavities 
installed in the main ring of the 28 GeV proton 
synchrotron. They can cope with the higher 
intensity beams, shortly to be available from the 
Booster, and can speed the acceleration cycle 
compared with their predecessors installed 
thirteen years ago. 

CERN 115.6.72 

compared with the cavit ies wi th which 
the PS was f i t ted when it was built 
in the late 50s. The second was the 
need for a system wh ich could accept 
and accelerate the high intensify 
beam from the 800 MeV Booster. 

The new r.f. stat ions can accelerate 
a beam of high intensity (more than 
10 1 3 protons per pulse) even in con­
dit ions which are not ideal. The power 
of each r.f. ampli f ier has been in­
creased by a factor of 20 to 90 kW, 
which is close to that of a powerful 
radio transmitter. The accelerat ing 
voltage per cavity is now 20 kV, the 
frequency variat ion rate is 500 MHz/s 
and the frequency range extends from 
2.8 to 10 MHz. 

In addit ion to the above im­
provements, the number of auxil iary 
components in the radioact ive regions 
(which are inaccessible whi le the 
machine is running) has been reduced 
to a minimum by br inging components 
together at the centre of the r ing. 

This wil l make maintenance much 
easier. Whereas the original cavities 
needed twenty tubes each in their 
amplif ier system, the new model has 
only two and the remainder of the 
system uses transistors. 

The new cavities have been installed 
one at a t ime so as not to interrupt 
the running of the PS and have thus 
worked together with the old units. 
At the moment, ten new cavities have 
been brought into operat ion and there 
remain four of the old stations still 
in place in the ring (but not now in 
act ion). Fourteen new r.f. stations in 
all have been ordered. Siemens built 
the cavities, amplif iers and power 
units, whi le Phil ips suppl ied the ferrites. 

This part of the PS improvement 
programme has been carr ied out on 
schedule and the new r.f. system is 
proving very reliable. 

Around 
the 
Laboratories 

BERKELEY 
Bevatron heavy ions 
The Bevatron recently completed a 
very successful three week period of 
experiments with beams of heavy ions. 
During this per iod, beams of record 
intensit ies were achieved, a factor of 
ten up on the init ial values. The run 
marked the f irst anniversary of heavy 
ion operat ion at the accelerator and 
was the fourth period of development 
and exper imentat ion in this new area 
of research. 

The run was part icular ly grat i fying 
because extracted beams of elements 
up to oxygen were available in suff i­
cient abundances for high energy 
physics, bio-physics and bio-medical 
research. It demonstrated the success 
of a development programme which 
aimed to increase the intensity of the 
heavy ion beams and extend to heavier 
elements. A major part of this pro­
gramme was to reduce the ion loss 
due to recombinat ion dur ing accele­
rat ion. This was achieved by improving 
the Bevatron vacuum ; cryogenic 
pumping panels were instal led along 
the inner periphery of the vacuum 
tank and operated at 20 K. The 
pressure was reduced from about 
1.5 X 10~6 torr to 3.5 X 10~7 torr. Im­
provements in the ion-source, l inear 
accelerator and r.f. accelerat ion sys­
tem also contr ibuted to the increase 
in beam intensit ies. 

The fo l lowing types of ion are now 
available in the energy range of 0.25 
to 2.1 GeV per nucleon and the num­
ber of part ic les per pulse at the target 
is indicated in brackets: 2 H e ( 2 X l 0 1 1 ) , 
4 He (2X10 1 0 ) , 1 2 C (1X10 8 ) , 1 4 N (1X10 7 ) , 
1 6 0 (1.5X10 7 ) , and 2 0 N e (1 X10 5 ) . 

With the beam intensit ies that are 
now available, and for ions up to and 
including 1 6 0 , the improved beam 
phase and radius feedback loops of 
the accelerat ion system can be used 
in addi t ion to the pre-determined r.f. 
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Bevalac, the combination of the heavy ion linear 
accelerator Super-Hilac with the Bevatron, which 
will considerably extend the research programme 
with heavy ions at Berkeley. The beam transport 
line from Super-Hilac rolls particles down the 
hill for injection into the synchrotron. Note also 
the new (ex-Brookhaven) 50 MeV linac which 
should take Bevatron 6 GeV proton intensities 
above 1013 per pulse. 

and magnet ic f ield programme. The 
basic programme has been obtained 
and stored in a PDP-8 computer by 
using an abundant t racer-part ic le 
4 H e 2 + having the same charge-to-mass 
ratio. 

The stabi l i ty of the Bevatron and its 
abil i ty to operate wi thout phase and 
radius informat ion was essential for 
the first heavy ion runs when the beam 
intensity was too low for operat ion 
with the feedback loops. This capa­
bil ity remains important because oper­
ation wi th ions heavier than oxygen 
is done in an open- loop mode. Open-
loop operat ion is also necessary when 
the exper imental programme needs 
low beam intensity. The only pract ical 
way to reduce intensity, and at the 
same t ime maintain purity of the 
beam, is to reduce the injected beam 
intensity. This is because col l imat ion 
of the extracted beam can result in 
contaminat ion of the beam due to 
f ragmentat ion when ions str ike the 
col l imators. 

During the past year about 20 % of 
the Bevatron exper imental programme 
has involved heavy ion beams, and 
heavy-ion operat ion wi l l probably 
cont inue at about the same level. 
Research is being carr ied out in the 
f ield of high energy physics, nuclear 
chemistry, b io logy and medicine, and 
about thir ty exper iments have been 
completed. Topics include studies of 
heavy ion f ragmentat ion, total cross-
section measurements, col lect ive ef­
fects, cancer research, brain research, 
space f l ight radiat ion biology, biology 
of di f ferent iat ion and development, 
and radiat ion genet ics. 

The proposal to use Super-Hi lac as 
an injector for the Bevatron has ad­
vanced to the stage when construc­
t ion could begin. Using this heavy ion 
linear accelerator in combinat ion wi th 
the Bevatron (the combinat ion being 
known as Bevalac) should enable ions 
up to ca lc ium to be accelerated with 
suff icient intensit ies for exper iments 

— for example, 10 1 0 part icles per 
pulse on the target for oxygen, 10 9 for 
neon and 10 8 for calc ium. 

DARESBURY 
Beam sharing increases 
utilization 
A new technique by which the beam 
intensity can be shared between two 
extracted electron beams without 
alter ing the duty cycle has been de­
veloped at Daresbury. The technique 
was successful ly used for nearly 1000 
hours of data taking on the 5 GeV 
electron synchrotron. 

Intensity sharing between extrac­
ted beams is more dif f icult on electron 
synchrotrons than on proton synchro­
trons because of the t ime-scales 
involved in the accelerat ion processes 
(an electron machine t icking away at 
many cycles per second whi le a pro­
ton machine takes several seconds). 
A common solut ion has been to divert 
some of the electron bunches down 
one extracted beam line leaving the 
remainder for another beam line. This 
has the disadvantage of altering the 
duty cycle for the user. 

The regenerator method of simulta­
neously producing two extracted elec­
tron beams, pioneered at Daresbury, 
shares intensity without altering the 
duty cycle. Two regenerator magnets 

are placed n/3 betatron wavelengths 
apart where n is an integer. The 
internal electron beam is brought to 
the regenerator magnets by a new 
form of orbit distort ion which gives 
two outward displacements of the 
orbit. The regenerator magnets then 
produce a horizontal resonance wh ich 
results in the eject ion of two electron 
beams. Physically, each regenerator is 
a single current str ip producing a 
f ield which has mult ipole components 
which are required and also an un­
wanted dipoie component. The dipole 
component produces closed orbit d is­
tort ions which reduce the extract ion 
eff iciency. The posit ioning of the two 
regenerators, which also act as septa, 
controls the intensity sharing between 
the extracted beams and also the 
extract ion eff iciency. Careful posi t ion­
ing has yielded an extract ion ef f ic ien­
cy of 5 0 % and 2 % for the two beams. 
These eff ic iencies are ideal for the 
simultaneous running of a high inten­
sity e lectroproduct ion exper iment and 
a tagged photon experiment. 

The beams have been used by the 
Daresbury-Pisa pion e lect roproduct ion 
experiment, (requir ing 10 1 2 e lectrons 
per s) and by the Lancaster vector 
meson photoproduct ion from nuclei 
experiment (requir ing a col l imated 10 7 

electrons per s). Both experiments 
have now completed their data tak ing. 

The pion e lectroproduct ion exper i ­
ment selected electron-neutron co inc i ­
dences using a conventional electron 
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The large superconducting magnet of the 
Batavia 15 foot bubble chamber, which operated 
successfully in October, being transported in its 
cryostat earlier this year. The chamber body 
with the camera parts on top can be seen to 
the right. 

(Photo NAL) 

spectrometer arm and a neutron coun­
ter consist ing of a 2 X 2 m 2 modular 
array of 145 elements. The neutron 
counter is the largest in use anywhere 
for this kind of work. The exper iment 
studied the detai ls of the electro­
product ion of the posit ive pion near 
threshold in the react ion 

e" + p n + e~ + J X + 

Measurements were taken at mo­
mentum transfers of 0.08, 0.16, 0.24 
and 0.32 (GeV/c) 2 and wi l l give total 
and differential cross-sect ions for the 
e lectroproduct ion over a range of 
centre-of-mass energies near thres­
hold. The data wi l l be free from 
assumptions about the contr ibut ion 
from neutral pion e lect roproduct ion or 
the radiative processes wh ich domi ­
nate the threshold region. 

The Lancaster exper iment studied 
the reactions 

Y + A -> A + co and A + g 
where A is a nucleus. Data was co l ­
lected for photon energies f rom about 
1 to 4.6 GeV using sol id targets f rom 
beryl l ium to gold and l iquid deuter ium. 
The reactions are studied by ob­
serving the charged pions and the 
photons from the neutral pion decay 
in thick-plate spark chambers. The 
steel plates of the spark chambers are 
0.1 radiation lengths th ick and in 
three stacks each about 4 radiat ion 
lengths in depth. The chambers are 
tr iggered by a system of 21 sc in­
t i l lat ion counters placed before and 
within the stacks and the logic can 

be arranged to give a tr igger corres­
ponding to several possible combi ­
nations of charged part icles and pho­
tons. 

Because of the large solid angle 
subtended by the spark chambers at 
the target and the sensitivity of the 
apparatus to photons, the experiment 
should dist inguish between photopro-
duct ion of rho and omega mesons 
alone and photoproduct ion together 
wi th other part icles. The importance 
of this d ist inct ion, not made by 
previous experiments, has recently 
received considerable emphasis. 

ARGONNE/BATAVIA 
Magnet for the 15 foot 
chamber 
As reported briefly in the last issue, 
the huge superconduct ing magnet for 
the 15 foot bubble chamber at the 
National Accelerator Laboratory, Ba­
tavia, operated successful ly in Octo­
ber. The magnet was designed and 
constructed at Argonne. 

The speci f icat ion for the magnet 
was evolved in the course of the 
design of the bubble chamber. It was 
assigned to the Argonne National Labo­
ratory in 1970 since Argonne had 
proven experience with large super­
conduct ing magnets (part icularly for 
their own 12 foot bubble chamber). 

However the magnet for Batavia is 
technological ly more advanced. It is 
required to produce a 3 T f ield at the 
centre of a volume almost 4 m in dia­
meter and 3 m high. 

The magnet consists of 43 coi ls 
wound as flat 'pancakes' each with 
almost 1000 m of conductor str ip about 
3.75 cm wide and 0.375 cm thick. The 
conductor contains 60 f i laments of 
niobium-t i tanium superconductor in a 
high purity copper matrix (which 
accounts for 95 % of the volume of the 
strip). Stainless steel strip is wound in 
with the conductor to give the coi l 
addit ional mechanical strength and 
mylar is used for insulation between 
the turns. The overall current density 
is 2 kA /cm 2 . This generates the re­
quired f ield in the chamber volume 
and corresponds to a maximum f ield 
at the conductor itself of 5.1 T. There 
is no iron yoke or iron shielding which 
reduces the cost but requires precau­
tions because of the large stray f ie ld. 
The energy stored in the magnet is 
400 MJ. 

The conductor was suppl ied by 
Supercon using copper from Amer ican 
Metal Climax. Winding of the coi ls 
was carr ied out at Argonne where the 
construct ion of the magnet was led by 
J. Purcel l . The coils were installed in 
a hel ium cryostat manufactured by 
Stearns-Roger Corp. and the hel ium 
system was obtained from Cryogenic 
Technology Inc. Construct ion and tes­
ting was completed on schedule and 
the cost (about $2 mil l ion) was close 
to the original estimate. 
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b) e x p e r i m e n t a l 
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High V o l t a g e E n g i n e e r i n g 
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I n s t r u m e n t a t i o n w i t h ESO) 
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M e c h a n i c a l E n g i n e e r i n g 
S u p e r c o n d u c t i v i t y 
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C E R N is a m o d e r n resea rch l abo ra to ry , s i t ua ted near Geneva , w h i c h o f fe rs 
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A c c e l e r a t o r Phys i cs 
A p p l i e d M a t h e m a t i c s 
C o m p u t e r S c i e n c e 
D a t a - H a n d l i n g 
E lec t r i ca l E n g i n e e r i n g 
E l e c t r o n i c s 
Hea l th Phys i cs 

For i n f o r m a t i o n w r i t e to : C E R N 
Fe l l ows a n d V i s i t o r s S e r v i c e 
P e r s o n n e l D i v i s i on 
1211 G e n e v a 23 
S w i t z e r l a n d 
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EUR4600E 
Branch Compatible 
Modu es 
Crate A Controller 9016 
Outstanding features include i 

* Protection against interference from 'power down' in other 
crates, and contact bounce from front panel switches 

* Power failure protection, even of very short duration which could 
corrupt stored data 

* Top loading IC's and standard components and layout ensure 
easy servicing 

LAM Grader 064 (CERN specification) 
* Fourfront panel demands 
* Masking register on 'G L' response lines 
* Buffering of 'L' lines and full use of X line 

Computer Interface 

Extension to single branch system 

Crate 0 (Master Crate) 

Dataway 

Computer Interface and Branch Driver 
9030 module series provides: 

* low cost single crate operation 
* small incremental costfor multibranch and 

multicrate operation 
* PDP 11 Computer interface available 
* System based on standard 16 bit controller 

easily adapted to different computer types 

Swiss Agents 

1 S fc fc 

N U C L E A R 
E N T E R P R I S E S 
LIMITED 
Bath Road, Beenham, Reading RG7 5PR, England. 
Tel: 07-3521 2121. Telex: 84475. Cables: Devisotope, 
Woolhampton. 
Associate Companies : Nuclear Enterprises GmbH, 
8 Munich 2, Karlstrasse 45, West Germany. 
Te l : 55 30 03. Telex : 529938. 
Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, 
California 94070. Te l : 41 5-593-1455. Telex : 348371 . 
High Energy and Nuclear Equipment S.A. 
Tel. (022) 98 25 82-98 25 83 
2, ch. de Tavernay5 Grand-Saconnex, 1218 Geneva 
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The need to have 3000 accelerator coi ls manufactured to precision 
tolerances gave the National Accelerator Laboratory a classic produc­
t ion problem. Over 500,000 feet of basic copper conductor was to be 
uti l ized by eight different coil bui lders; five in the United States, two 
in England, and one in France. And the basic conductor was to be 
suppl ied by two different fabricat ing mil ls. 

To compl icate things, the coils were of different lengths and cross 
sect ions, with up to seven brazed joints. Freedom from hydrogen em-
brit t lement was a must. 

But the problems were solved a year ahead of schedule. And one 
important reason was that NAL assured uniformity by specifying OFHC 
brand copper: Uniformity of high purity, high conductivity, workabi l i ty, 
and immunity to hydrogen embri t t lement when brazed. 

If you are brazing, stamping, drawing, forging or extruding copper, 
your best assurance of uniform product ion is the same as NAL's: AMAX 
OFHC brand copper. 

Making 3000 uniform copper 
coils in 8 facilities in 3 different countries 

is easy as OFHC 
The story ends ahead of schedule. Write for it. 2 t ' V A A A A ^ C 

mSmm c o p p e r , i n c . 
1870 AVENUE OF THE-AM.ERICAS, NEW YORK, N.Y 10020 

Represented by Ametalco Limited, 29 Gresham St., London EC2V 7DA, England 





seconds make10,000 hours. 
In nuclear physics you need absolute accuracy and switching, too, without risk of arc extinction, 
long-term reliability from your electronic tubes. Espe- In spark chambers EEV thyratrons will eliminate 
.cially thyratrons. EEV thyratrons can be fired with spurious firing, and jitter can be kept as low as 1 ns. 
nano-second precision, with repetition rates of up to 50 The CXI 154 for example operates over a wide range 
kHz due to very rapid deionisation characteristics. of H.T. voltages at currents up to 10 kA without signi-
Longlife-10,000 hours can be achieved-enables EEV ficant change in characteristics, so drive units can be 
ceramic thyratrons to be bolted into the circuit as with used with different chambers - and the low trigger 
passive components. voltage means that simple firing circuits are possible. 

EEV thyratrons meet the demands of major nuclear So, whether you're concerned about nano-seconds 
physics applications : or thousands of hours, specify EEV thyratrons. And 

In linear accelerators they can withstand peak in- remember that EEV also make ignitrons, photo tubes, 
verse voltages up to 20 kV following a pulse, and they storage tubes, image intensifiers, vacuum capacitors, 
give trouble-free operation in oil-filled equipment. spark gaps, RF tubes (like tetrodes for driving RF 

In particle accelerator work missed pulses are.rare. separators) and magnetrons especially & 
Annular current-flow means rapid peak-current for linear accelerators. Send for details. 

EEV know how. H 
ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England, CM1 2QU.Te l : 0245 61777. Telex : 99103. Grams: Enelectico C h e l m s f o r d . • • • • 
A member of THE GEC ELECTRONIC TUBE CO L T D , a management company wh ich unites the activit ies of English Electric Valve Co Ltd and The M-0 Valve Co Ltd 
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fraiseuses 
universelles 

universal 
milling 
machines ACIERA S A FABRIQUE DE MACHINES CH 2400 LE LOCLE 











F I V E S L I L L E - C A I L 
Groupe Babcock Fives 

• Mecanique et chaudronnerie lourdes 
• Masses polaires en acier moule 
• Tuyauteries en aciers allies et inox 
• Portes, dalles et bouchons 
• Compresseurs d'air et de gaz 
• Turbines, groupes turbo-alternateurs 
• Traitement des minerals d'uranium 

(broyeurs, centrifuges de filtration, etc) 
• Appareils de levage et manutention, 

ponts roulants 
• Pieces sur plans 

• Heavy mechanical engineering and 
platework 

• Cast steel magnets 
• Alloy and stainless steel tubing 
• Air tight doors, plugs 
• Air and gas compressors 
• Turbines, turbo-generators 
• Uranium ore processing 

(grinding mills, centrifuges, etc) 
• Hoisting and handling equipment, 

overhead travelling cranes 
• Job-engineered parts 

7, rue Montal ivet - PARIS 8< 
Tel.: 742.21.19 - 265.22.01 - Telex: FIVCAIL 65 328 

Diodes delay current decay when 
superconducting magnets discharge 

Current decay w h e n charger 
sw i t ched off: 

4 A per second f rom 1000A. 
Leakage current dur ing 
charg ing at 1 A / s e c o n d : 
less than 1 A. 

Leakage current w h e n 
charg ing comple ted 
less than 0.1 A. 

NOW UNDER CONSTRUCTION 

Send your problem to : 
W e s t i n g h o u s e B r a k e a n d S i g n a l 
Co L t d Semiconductor Division 
(Dept. CR3) 82 York Way 
London N1 9AJ Telex: 261629 
Telephone: 01 -837 6432 

S I S W E S T I N G H O U S E 
3 9 5 



CURVED SURFAC 
P L A S T I C S C I N T I L L A T O R 

f o r h i g h e n e r g y p h y s i c s 

Curved plast ic scint i l lator 
sheets w i t h glass-1 ike f in ish for use 
w i t h intersect ing beams of co l l id ing 
particles, and other appl icat ions, can 
n o w be suppl ied to any radius. The 
curved sheets have a surface 
f in ish as good as f lat sheets 
f rom Nuclear Enterprises. 

T h e N E 1 1 0 s h e e t i l l u s -
trated was p roduced for C N E N , 
Frascati. It is approx imate ly 
1 6 0 0 m m x 1 5 0 0 m m w i t h an 
external radius of 6 0 0 m m . 
NE 110 sheet is the most w i d e l y 
used in h igh energy physics 
laboratories in Br i ta in, Europe 
and the Un i ted States, because 
of its glass- l ike f in ish , h igh 
l ight ou tpu t , and remarkable 
l igh t t ransmiss ion co r respond­
ing to an a t tenuat ion length 
of 4 metres. 

Simi lar detectors up to 
3 metres in length in NE 102A, 
N E 1 0 4 , N E 1 1 3 a n d o t h e r 
outs tand ing scint i l lators can 
also be supp l ied . 

Full details on request. 

N U C L E A R 
PI P^PI IIS IE SI 
L I M I T E D 

Sighthi l l , Edinburgh EH11 4EY ? Scot land 
Te lephone: 031-443 4060 Cables: Nuclear, Edinburgh 
Telex: 72333 

Associate Companies : Nuclear Enterprises GmbH, 
Karlstrasse 45, 8 Munchen 2, Germany 
Telephone : 55 30 03 Telex : 529938 

Nuclear Enterprises Inc., 635 Terminal Way, San Carlos, California 94070 
Telephone : 415-593-1455 Telex : 348371 

Swiss Agents : High Energy and Nuclear Equipment S.A. 
Tel. (022) 98 25 82-98 25 83 
2, chemin de Tavernay, Grand-Saconnex, 1218 Geneva 
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keeping up-to-date on the 
newest developments in the 

DETECTION A N D 
M E A S U R E M E N T OF 
• L IGHT 
• X RAYS 
• * R A Y S 
• PARTICLES 
is part of your job, let us 
help you, without obligation, 
by enrolling you in Philips' 

FREE TECHNICAL 
I N F O R M A T I O N 
SERVICE. 
A reply to this advertisement 
will place your name on our 
circulation list.Please writeto: 

Phil ips Industr ies 
Elcoma Division - Geb. BF1 
Nuclear Devices Group 
Eindhoven -The Nether lands 

information will be 
supplied on the following 
nuclear devices and their 
applications: 
Photomultipliers ; 
Photoscintillators 
Light guides 
Light pulse sources 
Photo tubes 

Semiconductor radiation detectors 
Ge (Li)true coaxial 
Double and single open ended 
Germanium intrinsic planar 
Si (Li) X-ray 
Si (Li) particle 
Silicon surface barrier 
Silicon diffused 

Charge sensitive preamplifiers 
Cryostats 
Dewars 

Geiger Muller tubes 
Proportional counters 

Channel electron multipliers 
Channel plates 

Neutron generator tubes 

Electronic 
C o m p o n e n t s 
a n d Mater ia ls 

PHILIPS 

• N E T 

Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 

Hygiene, disinfect ion, desinsectisation, deratisation 

Prestations de main-d'ceuvre 
Manutentions. 

Office nouveau du nettoyage ONET 
13-MARSEILLE 
75 - PARIS 
GENEVE 
74 - ANNECY 
01 -SAINT-GENIS 

26, bd Ferdinand-de-Lesseps - llle 
4 et 6, rue du Buisson - Saint-Louis - Xe 
55/57, rue Prevost-Martin 
6, avenue de Mandallaz 
Route de Geneve 

tel. (91) 50 22 50 
tel. (1) 208 15 57 
tel. 25 78 88 
tel. (50) 45 46 41 
tel. (50) 41 12 07 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, La Hague, 
du CEN a Grenoble, de I'OMS et de I'ONU a Geneve. 
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T E C I M I D A T A 
Qualify, Design and Performances are 
exclusive and so are the prices I 

Sf rs . 1 3 8 0 . — 
V = , V a c , I = , l ac , q 

Ou r bes t r e f e r e n c e : 
more than 230 instruments sold in Switzer land, in 
1972, and dozens of them being in use at the CERN f 

— 2000 measuring points 
— large display, l is ibie at more than 10 m 
— very easy operat ing 
— modular construct ion wi th metal housing 
— accuracy 0,1 p.c. 
— BCD-output in standard version 
— 24-hours-service. 

Technique Moderne Electromque S.A. 
1844 Villeneuve Tel. 021 / 60 22 41 
8055 Zurich Tel. 01 /54 01 33 

The tapered slabbing and reaming drill is 
economical and very useful 

DRILLFILE 
special drill 

for the economical mount ing of car aerials and car 
radios, car cal l ing units as wel l as te lecommunicat ion 
devices DRILLFILE is recommended by leading f irms 
all over the wor ld . In its measurements DRILLFILE 
accommodates all requirements. 

T I P S W I T O O L 
1564 DOMDIDIER / Switzerland 

Relais pour circuits imprimes 
Serie REL 14 

Nouveau relais, d'encombrement extremement reduit, pour 
montage direct sur cartes a circuits imprimes. 
Haute capacite de commutation. Execution en boTtier 
« Makrolon » etanche a la poussiere. 

Tension nominale : 
Equipement de contact 
Materiau de contact : 
Charge de contact : 

Tension d'essai : 
Encombrement : 
Connexions : 

6 ... 60 VDC 
1 inverseur a contact jumele 
AgCdO ou Ag-dore dur 
4 A, 250 VAC, max. 1000 VA 
2 A, 30 VDC, max. 60 W 
2 kVeff 
27,5 x12,5 x10,5 mm 
trame standard 1/10" 

Relais «REED» de puissance 
Serie ARID-L 

Nouveau relais de notre serie ARID, avec 
« Powerreed » ou contact pour haute tension. 
Magnetiquement blinde et hermetique. 

contact 

Tension nominale : 
Equipement de contact : 
Charge de contact : 
— Powerreed 
— Haute tension 
Encombrement : 
Connexions : 

6... 110 VDC 
1 contact de travail 

3 A, 250 VAC, 350 VA 
1 A, 3500 VDC, 50 W 
82 x 21 x 20 mm 
trame standard 1/10" 

ERNI + Co. Electro- Industrie 
CH-8306 Bruttisellen/Zurich 
Telephone 01/931212 
Telex 53699 
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calculateurs 
Tclcmccaniquc: 
la soliditc 
informatique 

SystemeT2000: 
Automatisme industriel et controle de processus 
Calculateurs T1600: 
Teleinformatique et saisie de donnees 
Enseignement 
Instrumentation et laboratoires 

Telemecanique 
France : rue de Provence 

38130 - Echirolles 
Tel. : (76) 09 80 55 

Suisse : Sudbahnhofstrasse 14 C 
3000 Berne 
Tel. : (031) 45 66 81 • dp Industrie 
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ATELIERS DE CONSTRUCTIONS 
ELECTRIQUES DE METZ 
Societe Anonyme au capital de 2 400 000 francs 

Siege social : 
7-11, rue Clot i lde-Aubert in 
5 7 - M E T Z 

Service commerc ia l : 
Voie romaine - Pont-de-Semecourt 
5 7 - M A I Z l E R E S - L E S - M E T Z 

Transformateurs de puissance 
a refroidissement a air, a I'huile, au pyralene 
jusqu'a 110 000 volts 

U s i n e d e M e t z : 

Transformateurs de 2500 a 100 000 KVA 
Telephone : 68 60 80 et 68 90 80 
Telegramme : ELECTRICMETZ 
Telex : 86237 F ACE METZ 

U s i n e d e M a i z i e r e s - L e s - M e t z ( 5 7 ) : 

Transformateurs de 25 a 2000 KVA 
Telephone : 60 2611 
Telex : 86418 F ACEMAIZI 

Montage Cablage Electronique 

C. GEWINNER 
• P r o t o t y p e s t o u s g e n r e s 

& Chass i s s t a n d a r d i s e s au C E R N 

• M e t h o d e d i t e W I R E - W R A P 
d ' a p r e s l i s t i ng o r d i n a t e u r 

@ C a b l a g e c a r t e s i m p r i m e e s 

M o n t a g e et t r a v a u x m e c a n i q u e s 

S iege soc ia l : 

7 4 1 4 0 D O U V A B N E (F rance) 

Te l . 87 a D o u v a i n e 

Fully new 
Highpac 

from Oltronix 

N e w so l id -s ta te IC-con t ro l l ed H igh Vo l tage 
Power Supp l y espec ia l l y bui l t for pho to 
mul t ip l ier as we l l as genera l labora tory use 
the B 2 , 2 p rov ides 0 to 2200 p Vol ts at 
25 Mi l l i amps w i th 0,01 % stabi l i ty and less than 
3 0 0 ^ V o l t s no ise and r ipp le . E q u i p p e d w i th 
OLTRONIX digi ta l r eadou t the unit is p a c k e d 
in a half rack cab ine t on ly 4 4 m m high 
and 350 m m d e e p . T h e h ighvo l tage can be 
sw i t ched on and off by a magne t - (s tandard) 
or s o l e n o i d - (opt ional) ope ra ted reed- re lay . 
Pr ice SFr. 1 .575 . -

0LTRONIX 
England: POBox 3, Thame Oxon 0 x 9 3RS, Tel : THAME 3831 
Austria: International Engineering Service, 

Veitingergasse 159-161,1130 Wien, Tel : 8246732 
Belgium: Ets. Miravox S.P.R.L. 

Charles Wiser Square 12-13,1040 Bruxelles, 
Tel : 02/354174 

Danmark: Tage Olson A/S, Ronnegade 1, 2100 Copenhagen, 
Tel : 01 -294800, Telex: 15788 

Finland: OY Findip AB, Box 52025, Helsingfors 52, 
Te l : 90-717 799, Telex: 12-3129 

France: Sorelia electronique, 150 Rue de Chatou, 92 Colombes, 
Tel : 782-16-39 

Germany: Gutenbergstr. 8, 7571 Weitenung/Buhl, Tel : 07226 2218 
Holland: Euroweg 15, Leek (Gr),Tel: 05945 2700 
Italy: Beckman Instruments Italiana SPA 

Via Arese 11,20159 Milano,Tel: 678173,Telex: 63/35025 
Norway: Morgenstierne & Co A/S, P. B. 6688 Rodelokka, Oslo 5, 

Tel : 02-372940, Te I ex: 11719 
Sweden: Jamtlandsgatan 125,16229 Vallingby, Tel : 08 870330 
Switzerland: MegexZurich GmbH, Badenerstrasse 582, 8048 Zurich, 

Te l : 01 527800 
Zentralstr. 28, 2502 Biel 
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qui 
fabrique 

J_E RELflJS HEED 
"DJflL-IN-LINE" 

ENTIEREMENT COMPATIBLE MECANIQUEMENT ET 
ELECTRONIQUEMENT AVEC LES CIRCUITS INTEGRES 
NOMBREUSES VERSIONS DISPONIBLES : 
1 FORME A (T) Resist. Bobine (500.fl) 
2 FORME A (2T) 
1 FORME C (RT) 
1 FORME B (R) 
CONTACT MOUILLE MERCURE (LOGCELL) 
SANS POSITION PREFERENTIELLE 

celduc 
celduc fabrique Relais mercure 

sans position 
pr6f6rentielle 
"Lbgcell" 

Industrievertretungen 

Junkholz333-CH-8968Mutschel len 

Wide Band, Precision 

CURRENT 
MONITOR 

W i t h a P e a r s o n c u r r e n t m o n i t o r a n d a n 
osc i l loscope , y o u c a n m e a s u r e pulse o r 
ac c u r r e n t s f r o m m i l l i a m p e r e s t o ki lo-
a m p e r e s , in a n y c o n d u c t o r or b e a m of 
c h a r g e d par t i c l es , a t a n y v o l t a g e level u p 
t o a mi l l ion vo l ts , a t f r e q u e n c i e s up t o 
3 5 M H z or d o w n t o 1 H z . 

T h e m o n i t o r is phys ica l ly iso la ted f r o m 
t h e c i rcu i t . I t is a c u r r e n t t r a n s f o r m e r 
c a p a b l e o f h igh ly prec ise m e a s u r e m e n t 
of pu lse a m p l i t u d e a n d w a v e s h a p e . T h e 
o n e s h o w n a b o v e , f o r e x a m p l e , o f f e r s 
p u l s e - a m p l i t u d e a c c u r a c y of + 1 % , — 0 % 
( typ ica l of al l P e a r s o n c u r r e n t m o n i t o r s ) , 
2 0 n a n o s e c o n d r ise t i m e , a n d d r o o p of 
o n l y 0 . 5 % p e r m i l l i s e c o n d . T h r e e d b 
b a n d w i d t h is 1 H z t o 3 5 M H z . 

W h e t h e r y o u w ish t o m e a s u r e c u r r e n t 
in a c o n d u c t o r , a k l y s t r o n , o r a par t i c le 
a c c e l e r a t o r , i t ' s l ikely t h a t o n e of o u r 
o f f - t h e - s h e l f m o d e l s ( r a n g i n g f r o m l / 2 " 
t o 1 0 % " I D ) wil l d o t h e j o b . C o n t a c t us 
a n d w e wil l s e n d y o u e n g i n e e r i n g d a t a . 

P E A R S O N E L E C T R O N I C S I N C 
4007 T ranspo r t St., Palo A l to , Cal i fo rn ia 94303 

Te lephone (415) 326-7285 

Tel. 057 5 46 55 
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We are ready with the 
stabilised DC power 

One of a series ofOto 110V, 
2000 ampere (220kW) thyristor 

regulated highly stabilised DC po wer supplies 
for Rutherford Laboratory of the British 
Science Research Council. 

Experience builds on experience. Your beam line magnets demand DC power 
supplies w i t h high long- term stabil i ty, and since the '50 's w e have been meet­
ing that need in research establishments th roughout the wor ld . 
The development in our technology has kept pace w i t h yours. Ten years ago 
w e were able to stabilise DC currents to one part in a thousand, long term. 
Today, we are achieving six parts in a mi l l ion. 
Throughout the wor ld many hundreds of Brentford power supplies, ranging 
f rom 10 to 10 ,000kW are relied on to provide highly stable currents in spite of 
co inc ident variations in voltage, frequency, temperature and load resistance., 
Call us and tell us your p lans—we can help you to realise them. 

i Brentford 
B r e n t f o r d E l e c t r i c L i m i t e d , Manor Royal, Crawley, Sussex, England, RH10 2QF 
Telephone: Crawley (0293) 27755. Telex: 87252. Cables: Breco Telex Crawley Sussex. 
A member of the GHP Group. 

THE QUEEN'S AWARD 
TO INDUSTRY 1971 

FOR TECHNOLOGICAL INNOVATION 
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SATEM 
Tous les produits du petrole 

Huiles de chauffage 

Carburants 

Lubri f iants 

SATEM 
14, place Cornavin 

GENEVE 

Telephone (022) 32 71 30 
Telex N° 22 336 
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A NEW CONCEPT IN RESISTIVE COMPONENTS! 
• A S T A B L E , F IXED RESISTOR. . . 

• W I T H S E L E C T A B L E R E S I S T A N C E VALUES. . . 

• P E R M A N E N T L Y , R E L I A B L Y SET BY S O L D E R I N G . 

S E L E C T F R O M 90 R E S I S T A N C E V A L U E S IN A S I N G L E 
P A C K A G E — O C C U P Y I N G S A M E M O U N T I N G S P A C E A S 
O N E F IXED RESISTOR 

• A d j u s t a b i l i t y of ± 1 % , o r be t te r , w i t h o u t p res ­
s u r e - t y p e c o n t a c t s or m o v i n g pa r t s . 

• Ab i l i t y t o s e l e c t a n d p e r m a n e n t l y set a p r e c i s e 
r e s i s t a n c e v a l u e at any p o i n t in a d j u s t m e n t 
r ange w i t h an a c c u r a c y of 1 % or be t te r . 

• P r o v i d e s f u n c t i o n a l p r i n t e d c i r c u i t b o a r d ad jus t ­
m e n t f o r o p t i m u m t u n i n g a f ter f i na l c o m p o n e n t 
a s s e m b l y . 

• Exh ib i t s t h e s tab i l i t y of a f i x e d me ta l f i lm res is tor . 

• E xh ib i t s t e m p e r a t u r e c o e f f i c i e n t of ± 50 P P M 
a v e r a g e . 

• D e s i g n e d to m e e t MIL -R-55182 p e r f o r m a n c e . 

• R e p l a c e s la rge i nven to r y of p r e c i s i o n f i xed re ­
s is to rs . E l im ina tes p r e c i s e s e l e c t i o n of i n d i v i d u a l 
res is to rs . 

• O c c u p i e s b o a r d a rea e q u a l to V2 wa t t i ndus t r i a l 
meta l f i lm res is tor . 

© F i f teen s t a n d a r d v a l u e s of t he M o d e l 4002 c o v e r 
a res i s tance r a n g e f r o m 33 o h m s to 1.25 m e ­
g o h m s in s e l e c t a b l e s t eps of 1 % o r less. 

® Has sho r t c i r c u i t p r o t e c t i o n b e c a u s e m i n i m u m 
res i s tance se t t i ng is a p p r o x i m a t e l y V2 of n o m i n a l 
res i s tance . 

• P rov i des o p e n c i r c u i t p r o t e c t i o n p r i o r to a d j u s t ­
men t by hav ing t h e n o m i n a l r es i s tance in t h e 
c i r cu i t . 

bourns AG Baarerstrasse 8 6301 ZU8 Tel. (042) 232 242 Telex 78 722 
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SPECTRUM ANALYSER 

A CAMAC SYSTEM FOR PULSE HEIGHT ANALYSIS 
This system was developed in CAMAC in order to achieve the versati l i ty required to fulfil 
the varying needs of the nuclear physicist. The basic system may be expanded to perform 
any speci f ic tasks covered by the current range of CAMAC modules* . Addi t ional computer 
per ipherals may be used to increase the power of the system. Included in the basic 
system is a dual cassette recorder to faci l i tate fast data handling and program loading. 
The computer memory is expandable to 64K, but only 8K is required for use with the 
standard system programs. 

16K of system software is current ly available. This includes programs for acquisi t ion and 
analysis of spectrums up to 4096 channels and a Basic enabling the computer to be 
used as a powerful desk calculator. All programs include a facil i ty for fully automatic 
operat ion by means of a macro-programming technique. 

* The current range of SEN CAMAC consists of 37 different modules. 

For further information contact: 

E L E C T R O N I Q U E 31, av. Emest-Pictet -1211 GENEVA 13 - SWITZERLAND - Tel. (022) 44 29 40 

B E N E U J ? : S E N E , e k t r o n i k " H a i d b r o o k 23 - Pos t f ach 223 - D-2 W e d e l / H m b . 

R E P R E S E N T A T I V E S \ 
Denmark: J. FJERBAEK i/s, Ingenior, M. AF I 

Hoeghsmindevej 23, 2820 Gentofte/Copenhagen 
France: ORTEC SARL, 2, Quai du Pare, F-94 Saint-Maur 
Italy: ORTEC-ltalia S.p.A., Via Monte Suello 9, 1-20133 Milano 
South Africa: DENBIGH SMITH & PHILLIPS LTD., 

Honiton Road 33, Plumstead, Cape 

Sweden: 
UK: 

USA & 
Canada: 

POLYAMP AB - Fack - S-163 04 Spanga 
ORTEC LTD. - Dalroad Industrial Estate - Dallow Road 
Luton Lu11su/Beds 

EG &G/ORTEC -100 Midland Road - OAK Ridge, Tenn. 37830 
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You can't 
wear 
it out 

A focused mesh electron multiplier that's 
guaranteed reactivateable over and over again. 

Model MM - 1 For use in mass spectrometers, electron 
and ion veloci ty analyzers, X-ray and vacuum U.V. 
spectrometers, and neutral part ic le experiments. 
Detects electrons, ions, protons, UV, X-ray photons, 
energetic neutral atoms and molecules. Guaranteed 
del ivered gain. Typical electron ga in : 10 6 at 2.5 kv., 
10 7 at 3 kv., 10 8 at 3.5 kv. Gain is stable wi th count rates 
in excess of 10 6 per second. No ion feedback or 
spurious pulses. Non-magnet ic. Low noise: less than 
1 count /m inu te at 10 7 gain. Ultra high vacuum 
operat ion: bakeable to 350° C. Rugged. Flight proven 
in many rocket launches. Size: 1.25" h igh, 2 " diameter. 
Model MM-2. Simi lar character ist ics as MM-1 but only 
half the diameter (1"). 

Johnston ^ 
Laboratories,Inc. M Z M 
3 Indust ry L a n e , C o c k e y s v i l l e , M a r y l a n d 2 1 0 3 0 , U S A 
P h o n e : ( 3 0 1 ) 6 6 6 - 9 5 0 0 C a b l e : " J O H N L A B " 

Build the system you need 
with these components. 

P r e a m p l i f i e r - A m p l i f i e r - D i s c r i m i n a t o r 
( M o d e l P A D ) R u g g e d . M i n i a t u r e . 
C h a r g e sens i t ive input . R i s e t i m e : 
3 n s e c . A d j u s t a b l e d i s c r i m i n a t o r : 
2 0 : 1 r a n g e . P A D - 1 : lowes t p o w e r 

c o n s u m p t i o n . Pu lse c o u n t ra tes to 1 0 V s e c o n d . P A D - 2 : for 
pu lse count ra tes to 1 0 V s e c o n d . 

R e g u l a t e d H i g h 
V o l t a g e P o w e r S u p p l y . 
( M o d e l H V - 4 R ) 

All sol id s ta te . O u t p u t : 
500v to 6.1 kv. L o w n o i s e : less than 3 0 0 microvo l ts R M S . L o w 
drif t : less than 0 . 0 1 % / h o u r , 0 . 0 2 % / d a y . L igh twe igh t . R a c k 
m o u n t e d . 

For more information and detailed data call or write Dept. C-11 
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Do you operate an Isotope 
Separator- Particle Accelerator- DANFYSIK 
Mass Spectrometer-Cyclotron? j y l u n g e D e n m a r k 
Do you demand and get accuracy, reliability and ease of operation? 
If not, then what you need is the Danfysik/High Voltage BEAM PROFILE MONITORING 
SYSTEM, COULOMB/AMPERE METER AND MASS METER 

536 

571 

These are some of the vital components of the beam profi le 
moni tor ing system that gives you all information on the intensity, 
prof i le and posit ion of ion or electron beams. The heart of the 
system is the probe unit 516 (vane or pin type or the very latest 
x-type) - sweeping through the beam region and del ivering 
the information for display on an osci l loscope. This is housed 
in a st.st. housing, model 562A (not shown), and perhaps also 
mounted wi th a position marker 571. The driving unit is the 
electronics, model 518, and should you require it we have a 
preamplifier, model 536. 

516- pin-type 

New 516 x-type 

The coulomb/ampere meter (current integrator) 
measures your ion or electron beams with an accuracy 
of ± 1 % of ful l scale for the ampere meter and ± 2 % 
of reading for the cou lomb meter - drift less than 
1 % after warm up. 

The mass meter provides you with a cont inuous read­
out of the masses under separat ion in your plant - an 
invaluable device wi th a resolut ion of 0.1 amu and an 
accuracy of 1 % or 0.1 amu, whichever is the greater. 

And what about a telemetering system to complete the picture? 

For more detai led speci f icat ions and descr ipt ions of these instruments, please wr i te or ca l l : 

DANFYSIK A / S 
Jyl l inge, DK-4000 Roski lde 
Denmark 
Phone: 03-388150 
Cable: Danfysik-Roski lde 
Telex: 43136 

or any of our local representatives. 

HIGH VOLTAGE ENGINEERING 
(EUROPA) NV 
Amsterdamseweg 61 
Amersfoort , Hol land 
Phone: 03490-19741 
Cable: Eurovolt 
Telex: 47 275 

HIGH VOLTAGE ENGINEERING 
CORPORATION 
Bur l ington, Massachusetts 01 803 
USA 
Phone: 617-272-1313 
Cable: Hivolt 
Telex: 710-332-0245 
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A new era in A to D converters 

N O W . . . 
S P r e c i s i o n A D C ' s 

in a s i n g l e - w i d t h 
C A M A C m o d u l e 

;" 8 c o m p l e t e 8-bi t A D C ' s in a s i n g l e - w i d t h 

C A M A C m o d u l e . 

: Bui l t - in l i n e a r g a t e has 2 ns o p e n i n g a n d c l o s ­

ing t i m e s . 

* U n i q u e b i l i n e a r c o n v e r s i o n m o d e p r o v i d e s 

h i g h e r r e s o l u t i o n a n d d y n a m i c r a n g e t h a n 

s i m p l e l i n e a r c o n v e r s i o n . 

* C h a r g e - s e n s i t i v e inputs i n t e g r a t e d i rec t l y w i t h ­

out p r io r s t r e t c h i n g or p r e s h a p i n g . 

" Bui l t - in C A M A C - c o n t r o l l e d test m o d e c h e c k s 

all A D C ' s s i m u l t a n e o u s l y , f r o m input to output , 

w i t h o u t d i s c o n n e c t i n g c a b l e s . 

' H i g h inpu t sensi t iv i ty (0 .25 p C / c o u n t or 1.0 

p C / c o u n t ) e l i m i n a t e s n e e d for a d d i t i o n a l a m ­

pl i f iers . 

' F l e x i b l e s y s t e m - o r i e n t e d f e a t u r e s i n c l u d e g e n ­

e r a t i o n of t w o s ta tus c o m m a n d s , Q r e s p o n s e 

s u p p r e s s i o n for e m p t y m o d u l e s , a n d prov is ion 

for c o m p a c t i n g d a t a f r o m a d j a c e n t m o d u l e s 

into 16 -b i t w o r d s . 

L R S 
I n n o v a t o r s in I n s t r u m e n t a t i o n 

A substantial advance in fast-pulse ADC 
capability, .the new Model 2248 Multi-ADC 
permits use of analog-to-digital converters 
for both measurement and monitoring pur­
poses to an extent not previously practical. 
Now, ADC cost becomes low compared to the 
existing per-channel investment in counter 
assembly, associated electronics, hardware. 

At only one-fifth the previous price per 
channel, the Model 2248 expands the use of 
ADC's in particle physics in such applica­
tions as : 

* R e c o r d i n g y - r a y , n e u t r o n , o r r e c o i l p r o t o n 
e n e r g i e s u s i n g l e a d g l a s s a n d o t h e r t o t a l 
e n e r g y a b s o r p t i o n c o u n t e r s . 

: * : P a r t i c l e i d e n t i f i c a t i o n u s i n g d E / d x c o u n t e r s . 

* I m p r o v i n g t i m e r e s o l u t i o n f r o m s l o w s c i n t i l l a - , 
t o r s b y c o r r e c t i n g f o r c o u n t e r r i s e t i m e . 

: - : T a g g i n g d a t a w i t h t i m e - t o - h e i g h t c o n v e r t e r 
o u t p u t s . 

' * R e c o r d i n g p a r t i c l e p o s i t i o n u s i n g a l o n g s c i n ­
t i l l a t o r a n d t w o p h o t o t u b e s . 

* M o n i t o r i n g g a s t h r e s h o l d C e r e n k o v c o u n t e r s . 

: * : D e b u g g i n g o r m o n i t o r i n g p r o p o r t i o n a l 
c h a m b e r s . 

For full details on the Model 2248 Multi-
ADC or on other instruments in our inte­
grated line of high-performance NIM and 
CAMAC modules, contact A lan Michalowski, 
Sales Manager, LRS Particle Physics Divi­
sion, or your local LRS Sales Office. 

LeCroy Research Systems Corp. 
126 North Route 303 • West Nyack, N. Y. 10994 
Telephone: (914) 358-7900 • TWX: 710-575-2629 
Cable: LERESCO 

SALES REPRESENTATIVES IN : 

SWITZERLAND 

LeCroy Research Systems S.A. 
81, avenue Louis-Casai 

1216 Cointrin-Geneva 
Switzerland (January 1973) 

GERMANY 

Nucletron Vertriebs - GMBH 
Gartnerstrasse 60 

8 Miinchen 50 
West Germany 

FRANCE and ITALY 

Nucletron, SA 
11, chemin G.-de-Prangins 

CH-1004 Lausanne 
Switzerland 

UNITED KINGDOM 

A.E.P. International Ltd. 
Victor House, Norris Road 

Staines, Middlesex 
England 


