


^ERN, the European Organizat ion for 
Nuclear Research, was establ ished in 

954 to provide for col laborat ion 
a m o n g European States in nuclear re­
search of a pure scient i f ice and funda­
mental character, and in research 
9 s s e n t i a l l y related thereto' . It acts as a 
European centre and co-ordinator of 
esearch, theoret ical and exper imental , 

the f ie ld of sub-nuclear physics. This 
Dranch of sc ience is concerned with the 
undamental questions of the basic laws 
governing the structure of matter. CERN 
s one of the wor ld 's leading Labora-
ories in this f ie ld. 

The exper imental programme is based 
>n the.use of two proton accelerators — 
. 600 MeV synchro-cyclotron (SC) and a 
8 GeV synchrotron (PS). At the latter 

nach ine, large intersecting storage rings 
ISR), for experiments wi th col l id ing 

Droton beams, are under construct ion. 
Scientists f rom many European Univer-
ities, as wel l as from CERN itself, take 

Dart in the experiments and it is est i -
nated that some 70O physicists outside 
3ERN are provided with their research 
nater ia l in this way. 

The Laboratory is si tuated at Meyr in 
ear Geneva in Switzer land. The site 
overs approximately 80 hectares 
qual ly d iv ided on either side of the 
rontier between France and Switzer-
and. The staff totals about 2600 people 
md, in addi t ion, there are over 41 
el lows and Visit ing Scientists. 

Thir teen European countr ies parti 
ipate in the work of CERN, contr ibut ing 
o the cost of the basic programme, 
97,5 mi l l ion Swiss francs in 1968, in 
»roportion to their net national income. 
Supplementary programmes cover the 
i n s t r u c t i o n of the ISR and studies for 

proposed 300 GeV proton synchrotroi 
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This issue is devoted exclusively to the 

Intersect ing Storage Rings project (ISR) 

which was last covered in detail in CERN 

COURIER of July 1966. At that t ime the 

project was just gett ing off the ground. 

The first excavations had been made on 

the site and the groups concerned wi th 

the different aspects of the ISR were deep 

in model tests to f inalize the design 

details of the various components. 

Now the project is in ful l f l ight. The 

construct ion programme, which runs from 

the beginning of 1966 to the middle of 

1971, has passed its half-way stage. The 

tunnel, which wi l l house the two magnet 

rings, has advanced half-way round its 

950 m c i rcumference and the first octant 

(No. 3) is being made ready to receive 

machine components. These started to 

arrive at CERN a few months ago and the 

r igorous series of tests, to ensure that 

each unit meets its speci f icat ion, is under 

way in the West experimental hall , wh ich 

has been prepared to serve init ial ly as an 

assembly and test bui ld ing. 

An overall idea of what the ISR involves 

can be obtained from the general art ic le 

which opens the issue and a more detai led 

appreciat ion can be obtained from the 

art icles descr ib ing the work of the various 

groups occup ied wi th the project. 

By now almost all the major contracts 

have been placed and it is very satisfying 

that the cost est imate for the project 

remains in line wi th that put forward in 

1965 (332 mi l l ion Swiss francs at 1965 

prices) and that t j je construct ion pro­

gramme is going to schedule. For such a 

large project, wi th so many novel and 

unique features, this is no small achieve­

ment. 

It is worth remarking that the ISR, in 

many ways, imposes far more severe 

demands on accelerator technology than 

does the proposed 300 GeV accelerator. 

The eff ic iency wi th wh ich the ISR was plan­

ned and is being implemented is a strong 

reinforcement of conf idence in the f igures 

put forward for the 300 GeV machine. 
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CERN Intersecting Storage Rings 
A general article on the purpose of the ISR 
and on the major technical features of the project. 
Although most of this information has been 
covered in CERN COURIER before, particularly 
in July 1966, it is repeated here to refresh 
memories and for the benefit of the many new 
readers. 

The research at CERN is part of what 
might be considered as the th i rd generat ion 
of the scient i f ic at tack on the nature of 
matter. It fo l lows on f rom the understand­
ing of the nature of the atom and f rom the 
understanding (stil l only part ial) of the 
nucleus at the heart of the atom. Now most 
effort is being concentra ted on the under­
standing of the indiv idual part ic les wh ich 
go, for example, to make the nucleus. 

The research has moved progressively 
v to the examinat ion of matter on a smal ler 

and smal ler scale — from the atom wi th 
dimensions of 10~8 cm (a hundredth of a 
mi l l ionth of a cent imetre), to the nucleus 
of 10~ 1 2 cm (ten thousand t imes smaller) 
to the part ic le of about 1CT13 (ten t imes 
smal ler st i l l ) . To look at phenomena of 
these progressively smal ler d imensions 
has, paradoxical ly, ca l led for larger and 
larger resources ; in par t icu lar larger and 
larger accelerators. 

To break into an atom requires very lit­
t le energy (atoms are 'smashed' for exam­
ple every t ime a match is struck). To break 
into the nucleus needs an energy many 
mi l l ions of t imes greater, and to break into 
a part ic le, thousands of t imes greater st i l l . 
These energies are usual ly expressed in 
terms of the electronvol t (eV) — the energy 
given to the electron wh ich is accelerated 
through a potential d i f ference of 1 volt. To 

^ smash atoms requires several tens of eV, 
nuclei many mil l ions of eV (MeV) and par­
t ic les thousands of mi l l ions of eV (GeV). 

As higher energies have become avai­
lable wi th the development of the techno­
logy to bui ld higher and higher energy 
accelerators, new wor lds of phenomena 
have been revealed. The research using 
the accelerators has revolut ionized the 
concept ion of matter, uncover ing a large 
number of previously unknown part ic le 
states, revealing the existence of new for­
ces contro l l ing the behaviour of the par­
t ic les, and over throwing some intuit ive 
ideas about such th ings as symmetry in 
Nature. 

The stage has now been reached where 
many of the quest ions posed by the current 
research cal l for st i l l h igher energies to 
attempt to answer them. It is for this rea­
son that the const ruct ion of more powerful 
machines is beginning or is p lanned. The 
present major proton synchrot rons — 28 
GeV at CERN, 33 GeV a tBrookhaven (USA) 

and the recently comple ted 75 GeV at 
Serpukhov (USSR) — wi l l be surpassed 
by the 200-400 GeV machine at Batavia 
(USA) and the proposed 300 GeV machine 
in Europe. 

Colliding beams 

It has been realized for many years that 
it wou ld be possible to obtain a g l impse 
into a much higher energy region if par t i ­
c le beams could be persuaded to col l ide 
head-on. 

To explain why this is so, we need to 
consider what happens in a convent ional 
accelerator experiment. When part ic les 
have the required energy they are d i rected 
onto a target and col l ide wi th the stat io­
nary part ic les of the target. Most of the 
energy given to the accelerated part ic les 
then goes into keeping the part ic les wh ich 
result f rom the col l is ion moving in the 
d i rect ion of the incident part ic les (to con­
serve momentum). Only a quite modest 
f ract ion is 'useful energy' for the real 
purpose of the exper iment — the transfor­
mation of part ic les, the creat ion of new 
part ic les. For example, at the full energy 
of the CERN 28 GeV synchrotron about 7 
GeV is useful energy. (An approximate 
formula for determining the useful energy 
is : 

Useful energy = j / T w i c e accelerator energy 
where the energies are expressed in GeV. 
Thus a 300 GeV machine gives about 24 
GeV of useful energy.) 

But if part ic les of the same energy were 
made to co l l ide head-on, all their energy 
wou ld be useful s ince none would be nee­
ded to conserve momentum, to keep th ings 
moving in a part icular d i rect ion. The fas­
cinat ion of the CERN intersect ing storage 
rings then lies in the prospect of co l l id ing 
28 GeV protons head-on and having 56 
GeV of useful energy avai lable. To achieve 
this wi th a convent ional accelerator wou ld 
require a machine wi th an energy of about 
1700 GeV which is possibly beyond exist­
ing technology and certainly beyond exist­
ing f inancial resources. 

This great leap forward in useful energy 
by using co l l id ing beams has to be qual i ­
f ied by repeating that they wi l l provide a 
g l impse into a much higher energy region 
rather than a broad look. The convent ional 
accelerator is a prol i f ic source of many 

K. Johnsen 
types of part ic le and it can be used to 
investigate interact ions involving protons, 
ant iprotons, kaons, pions, neutrinos... With 
co l l id ing beams the interact ion is l imi ted 
to that of the beam part ic les — for the 
CERN ISR this means the proton-proton 
interact ion. 

The Intersecting Storage Rings 

In December 1965, the CERN Counci l ap­
proved the construct ion of intersect ing 
storage rings ; France had already made 
avai lable a p iece of land across the border 
f rom Switzer land to bui ld the ISR. What 
fo l lows is a general descr ipt ion of the 
technica l features of the machine. (More 
detai led descr ipt ions of the component 
parts begin on page 267.) 

The ISR consist of two concentr ic r ings 
of magnets, 300 m in diameter, in wh ich 
protons travel in opposi te d i rect ions. The 
rings are built in a c i rcular underground 
tunnel some 200 m away from the 28 GeV 
proton synchrot ron. The two rings are not 
exact ly c i rcu lar but are inter laced so that 
they intersect at eight points, cal led in­
teract ion regions, where the beams can be 
brought into col l is ion. A schemat ic repre­
sentat ion of the conf igurat ion and of the 
beam paths can be seen in the Figure and 
the main parameters of the rings are given 
in the Table. 

Protons are accelerated to the required 
energy (which can be between 8 and 28 
GeV) in the PS. They are then ejected by 
a fast-eject ion system into a transfer chan­
nel in wh ich a magnet system guides them 
towards the ISR. This channel forks into 
two and, depending on whether a bending 
magnet at the fork is swi tched on or not, the 
protons go left or right to enter one or the 
other of the rings. The left and r ight chan­
nels then have to c l imb up-hi l l because 
the beam level in the ISR is about 12 m 
higher than in the PS. The protons are 
in jected into a ring by a fast- in ject ion 
system, so that they init ial ly travel c lose 
to the inside wal l of the ring vacuum cham­
ber. 

If s imply one pulse was taken f rom the 
PS, conta in ing say 10 1 2 protons, and fed 
into one ring and another s imi lar pulse 
was fed into the other ring orb i t ing in the 
opposi te d i rect ion, the number of co l l i ­
sions per second which wou ld take p lace 
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Main Parameters of the ISR 
Number of r ings 2 
Ci rcumference of rings 942.66 m 
Number of intersect ions 8 
Length of long straight sect ion 16.3 m 
Intersect ion angle at crossing points 14.7885° 
Maximum energy of each beam 28 GeV 

Magnet (one ring) 

Maximum f ield at equi l ibr ium orbi t 12 kG 
Maximum current to magnet coi ls 3750 A 
Maximum power dissipat ion 7.04 MW 
Number of magnet per iods 48 
Number of superper iods 4 
Total weight of steel 5000 ton 

Total weight of copper 560 ton 

R.F. system (one ring) 

Number of r.f. cavit ies 6 
Harmonic number 30 
Centre f requency of r.f •3.53 MHz 
Maximum peak r.f. vol tage per turn 20 kV 

Vacuum System 

Vacuum chamber material low carbon stainless steel 

Vacuum chamber inside dimensions 160 x 52 m m 2 

Design pressure outs ide intersect ion regions . 10~9 torr 
Design pressure inside intersect ion regions . 10 - 1 0 to 10~ 1 1 torr 

when the beams met in the interact ion 
regions wou ld be unacceptably smal l . 
Exper imenters using the beams produced 
by the PS are used to a hundred thousand 
col l is ions per second tak ing place, say, in 
a hydrogen target. The ISR has been 
designed to achieve a simi lar f igure when 
the beams col l ide. 

To do this, it is necessary to increase 
the intensity of the two orb i t ing beams so 
that they each contain 4 x 10 1 4 protons, 
wh ich is equivalent to a c i rcu lat ing current 
in each ring of about 20 A. It is achieved 
by stacking many successive pulses f rom 
the PS next to one another. 

For this purpose a radio f requency sys­
tem is needed. After the f irst pulse has 
been in jected, this r.f. system accelerates 
the protons just enough to move the par­
t ic les from their in ject ion orbi t to an orbi t 
nearer the outside of the vacuum chamber. 
When this accelerat ion has been done the 
in ject ion orbi t is free to receive the next 
pulse, wh ich , in its turn, is accelerated 
and moved to an orbi t only a f ract ion of a 
mi l l imetre f rom where the f irst pulse was 
left. This stacking process can be repea­
ted again and again, in fact about 400 
t imes in each r ing, creat ing a s tacked 
beam about 70 mm wide wi th the inten­
sit ies ment ioned above. (Variants of the 
s tack ing , procedure are covered later.) 
With 400 pulses stacked there wi l l be a 
momentum spread of 2 % across the beam. 

The t ime taken to stack each ring to 
such an intensity, wi th the present per­
formance f igures of the PS, wou ld be less 
than an hour and when the improvements 
p r o g r a m m e n t the synchrotron is complete; 
this may fal l to as low as five minutes. The 

protons can c i rculate in : the rings and 
co l l id ing beam exper iments can be carr ied 
out for as long as a day before cal l ing on 
the PS again for a ref i l l . 

Special requirements 

Most of the major problems in construc­
t ing the ISR arise because of the need to 
bui ld up intense proton beams and to keep 
them orbi t ing in their r ings for many hours. 
The condi t ions wh ich must be establ ished 
are very dif ferent f rom the convent ional 
accelerator where the beam is in and out 
of the machine in the order of a second. 

The r.f. system is not required to pro­
duce unusual ly high accelerat ing vol tages 
but has to be capable of careful ly cont ro l ­
led vol tage var iat ions from 20 kV at in jec­
t ion to tens of volts at the end of the 
stacking process. The magnet system has 
to provide a very precise f ie ld conf igura­
t ion to gu ide and focus the beams and has 
to incorporate a ful l range of correct ion 
possibi l i t ies to cope wi th any deviat ions 
f rom the ideal in the beam paths. The 
main magnets have also to provide 'good 
f ie ld ' across the ful l vacuum vessel aper­
ture (over 150 mm horizontal ly) up to a 
f ie ld strength of 12 kG on the equi l ibr ium 
orbit . The lay out of the two magne t r ings 
where they pass between interact ion re­
gions 3 and 4 can be seen in Figure 2. 

The demands placed on the vacuum sys­
tem are part icular ly severe. If beams are 
to be retained in the rings for many mi l ­
l ions of turns wi thout serious loss in inten­
sity, not only must the magnet guide f ie lds 
keep them wel l under contro l , but also the 
number of residual gas molecules that the 
beams meet must be very smal l to avoid 

scat ter ing protons out of the beams. In the 
convent ional accelerator, pressures around 
10~6 torr are adequate ; in the ISR this has 
to be pushed down to 10""9 torr (a pressure 
feasible only in small laboratory-bench 
set-ups just a few years ago). Taking the 
two rings together it involves hold ing a 
vacuum vessel of a total length of almost 
2 km, wi th thousands of jo ints, at ul t ra­
high vacuum. This is by far the biggest 
ul tra-high vacuum system in the wor ld . 

Even wi th this low pressure the scat te­
ring caused by the residual gas molecules 
in the vacuum chamber wi l l make the 
beams 'b low up' s igni f icant ly in size over 
twenty hours and to cater for this, in add i ­
t ion to deviat ions wh ich could be in t rodu­
ced by imperfect ions in the magnet ic f ie ld, 
the vacuum vessel aperture is set at 160 
mm horizontal ly and 52 mm vert ical ly. 

Another indicat ion that the stabi l i ty of 
the intense beams is f ragi le is that 'c lear­
ing e lect rodes ' have to be instal led to 
sweep away the electrons l iberated when 
the beams ionize the residual gas. These 
electrons wou ld tend to neutral ize the 
posit ive charge in the beams and thus 
upset the del icate balance between the 
defocusing electr ic force act ing wi th in 
the beams and the focusing magnet ic 
force that the fast moving charges set up. 
Without these c lear ing electrodes only 
half the p lanned beam intensity could be 
stored. Other possible sources of instabi­
lity have been studied theoret ical ly and 
some were invest igated exper imental ly 
using the electron storage ring model 
CESAR (CERN COURIER vol . 7, page 247) 
wh ich contr ibuted a great deal to the ISR 
project , and also using the PS. They are 
not expected to be t roublesome. 

Interaction regions 

As ment ioned above, the beams can be 
brought into col l is ion at e ight p laces 
around the r ings. Init ial ly two of these pla­
ces, numbered 1 and 4, wi l l be equipped 
wi th exper imental hal ls. 

When the currents of 20 A c i rcu lat ing 
in each ring have been built up, each beam 
looks l ike a r ibbon 70 mm wide and 10 mm 
high. The ring structure is such that they 
cross at an angle of 15° and thus form a 
volume of about 200 c m 3 in wh ich co l l i ­
sions take place. . -
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A schematic diagram of the relationship 
between the proton synchrotron and the 
intersecting storage rings. The beam paths 
in the PS, the transfer channels and the 
ISR are shown in blue. 

11 and 14 are the experimental halls 
which are to be built initially 

I T1 to TT3 are beam transfer channels 

TT2 TTI 

n 

TT2a 

TT3 

To the West Hall and 
the 3.7 m hydrogen 
bubble chamber 
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Lay-out of the two magnet rings between inter­
action regions 13 and 14. Notice that the outer arc, 
where most bending has to take place, is 
packed with magnet, while the inner arc is less 
congested. It is therefore in the inner arcs 
that beams are brought in. The two arcs taken in 
sequence form a 'superperiod', repeated four 
times around the ring. 

The various components are : 
F Focusing magnet 
D Defocusing magnet 
P Pick-up station 
V Sector valve 
T Terwilliger quadrupole 
Q Skew quadrupole 
S Sextupole 
H Horizontal field magne* 

The interact ion rate wi th in this volume 
is proport ional to the cross-sect ion of the 
process one wants to investigate. For this 
proport ional i ty factor the term ' luminosi ty ' 
is used among col l id ing beam special ists. 
The luminosity depends on the geometry 
of the beams in the interact ion region and 
is proport ional to the product of the c i rcu­
lat ing currents in the two beams. In the 
ISR, wi th the beam character ist ics as des­
cr ibed above, the luminosity is 4 x 10 3 0 per 
second and per cm 2 . With a proton-proton 
total cross-sect ion of 4 x 1CT26 c m 2 the 
total interact ion rate is 1.6 x 10 5 per 
second. Through its dependence on the 
stacked beam currents, the luminosity also 
becomes proport ional to the square of the 
momentum spread of the beams. 

When the improvement programme of 
the proton synchrotron is complete, cons i ­
derable improvements on these perfor­
mance f igures can be expected. Lumino­
sit ies may be as much as 70 to 80 t imes 
higher than obtainable wi th the present 
PS per formance, part icular ly in cases 
where the exper iments have special requi­
rements for low momentum spread that 
otherwise limit the luminosity to values 
wel l below that given above. 

During 1967, some new interest ing ideas 
emerged which indicate that it may be 
possib le to increase the per formance f i ­
gures sti l l further, in part icular for low 
momentum-spread exper iments. The me­
thod consists essential ly in not in ject ing 
a who le PS pulse (which contains 20 bun­
ches of protons) into the ISR in one go, 
but in in ject ing two halves of a pulse (two 
lots of 10 bunches) separately and wi th a 
short and proper ly chosen interval so that 
the two halves are super imposed in the 

in ject ion orbi t of the ISR. This is equiva­
lent to a two-turn inject ion and to a cor­
responding increase by a factor of two in 
the local beam intensity. It is then possible 
to stack this super imposed shorter pulse 
in such a way that the final stack density 
goes up by the same factor two. 

The method can in pr inc ip le be extended 
to the equivalent of four-turn in ject ion, but 
then it wi l l be preferable to do part of the 
acrobat ics between the new PS injector 
and the synchrotron. The methods propos­
ed require solut ions to very dif f icult tech­
nical problems, but there is nevertheless 
considerably hope that it wi l l be possible, 
in the future, to take advantage of some of 
their potent ial i t ies and thus gain a further 
improvement in the luminosity f igures. 

West Hall and Bubble Chamber 

In conjunct ion wi th the ISR proper, fur ther 
faci l i t ies for 28 GeV physics are being built 
on the same site, part icular ly a large expe­
rimental hall (West Hall) and beyond it the 
new 3.7 m hydrogen bubble chamber (see 
CERN COURIER vol. 7, page 143). Their 
relative posit ions in relation to the ISR can 
be seen on the site lay-out drawing on page 
282. 

The hall almost doubles the area fed by 
beams from the PS which is avai lable for 
exper iments. The beams can reach the 
hall ei ther via a transfer channel , wh ich 
branches off f rom one of the channels 
supply ing the ISR travel l ing under the ISR 
and surfacing in a 'swi tchyard ' in front of 
the hal l , or can come from one of the 
storage rings. The first possibi l i ty ensures 
that exper iments can cont inue in the hall 
regardless of whether the ISR is in opera­
t ion or not. The second possibi l i ty gives 

great f lexibi l i ty in the sort of beam sup­
pl ied to an exper iment — after using the 
storage capabi l i ty of the storage ring the 
exper iment could receive an extremely 
intense beam in one burst or could receive 
a less intense beam spi l led out cont inu­
ously over a long per iod of t ime. 

Programme 

The construct ion programme began at the 
beginning of 1966. The major excavat ion 
work is complete and the tunnel to house 
the rings is built half way around its cir­
cumference. 

The large West Hall has been f inished as 
planned and is receiving ISR components, 
which began to arr ive on the site a few 
months ago, for assembly and test ing. By 
now, magnet components are arr iving regu­
larly and several complete units have been 
put together. About half the radio-fre­
quency cavit ies are here as wel l as power 
suppl ies for the ampl i f iers. The del iveries 
of the sputter ion pumps for the vacuum 
pumps have also star ted. 

One octant of the ISR tunnel wi l l be 
handed over for the instal lat ion of the ma­
gnets etc. by the end of the year. There 
is every expectat ion that the project wi l l 
be completed on schedule in the middle 
of 1971. 

Meanwhi le the exper imental ists are 
beginning to work out detai led proposals 
for exper iments. The experiments, l ike the 
project itself, confront novel problems and 
wi l l in general need longer to prepare than 
those at a convent ional accelerator. As the 
day approaches when 56 GeV cf useful 
energy wi l l be avai lable, the interest in 
using this unique faci l i ty is growing 
throughout f u r o p e . 
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Component parts 
1. Magnet System 

1. A core being lowered after welding. The 
cores are stacked in a vertical frame and 
the tension straps welded in the same frame 
while the stack is under pressure. After 
welding, the frame is moved and the core 
is then lowered into the horizontal position 
for final machining of the end plates. 
A finished block can be seen on the left. 
(Photo ASGEN) 

L Resegotti 
The magnet system of the ISR guides the 
high energy protons along the orbi ts 
which they have to fo l low inside the 
vacuum chamber of the machine so that 
they may cont inue to c i rcu late for many 
hours and have a suff ic ient probabi l i ty of 
co l l id ing with each other at the crossing 
points. Since the protons are moving at 
almost the speed of l ight, they accompl ish 
many mi l l iards of revolut ions around the 
machine, dur ing this t ime. 

The smallest i r regular i ty in the magnet ic 
f ield distr ibut ion may badly perturb the 
trajector ies of the protons, wh ich meet it 
mi l l iards of t imes, and the f ie ld in the 
main magnets has therefore to be ta i lored 
to the required pattern to very high accu­
racy and must be extremely stable. In ad­
di t ion, a number of auxi l iary magnets and 
correct ing elements have to be added in 
order to be able to apply correct ions for 
any deviat ions, or unwanted behaviour of 
the proton beam, wh ich are observed. 

When the ISR magnet system was 
designed, interest was growing in the pos­
sibi l i ty of using superconduct ing magnets 
and a system based on superconductors 
was considered. However, no such magnet 
had been built for beam handl ing purposes 
and superconduct ing coi ls were encounter­
ing serious instabi l i ty problems. It was 
also unknown whether the precise f ield 
distr ibut ions required by the ISR could be 
obtained using superconduct ing magnets. 
(This is sti l l t rue today.) 

Conventional s teel -cored magnets were 
therefore adopted. It was also dec ided that 
the main magnets wou ld have C-shaped 
cores wi th exci tat ion coi ls around the two 
poles l ike the magnets in the PS, but wi th 
all gaps widening on the s ide opposi te to 
the yoke to give max imum access to the 
vacuum chamber for detect ion and sup­
pression of leaks. The only basic di f ference 
with respect to the magnets of the PS is 
the non-l inear d is t r ibut ion of magnet ic 
f ield radial ly across the gap, wh ich re­
quired the development of computer pro­
grams for the design of the prof i les. 

There are two types of magnet core, 
cal led F and D depending on whether 
they focus or defocus the protons in the 
radial d i rect ion. The cores are made out 
of stacks of precis ion punched lamina­
t ions, held together by we lded tension 
straps. All cores are 2.44 m long, but some 

of the magnet units are made by assem­
bl ing two cores together on one gi rder 
and with one set of coi ls : these are cal led 
' long units' and are located in the outer 
arcs of the machine, where the t ra jector ies 
of the protons have maximum curvature. In 
each ring there wi l l be 72 short units 
(40 F, 32 D) and 60 long units (28 F, 32 D). 
Each unit is supported by three screw-
jacks, wh ich make it possible to adjust 
its posi t ion to the required accuracy of a 
tenth of a mil l imeter. 

In order to correct for orbi t distort ions, 
so that the proton beams can be centred 
in the vacuum chamber in the best possible 
way, small vert ical and radial magnet ic 
f ields can be added in some of the magnet 
units, suitably d istr ibuted around the cir­
cumference. The vert ical f ie lds wi l l be set 
up by power ing auxi l iary windings, wh ich 
have the form of thin flat spirals of wire, 
p laced between the main coi ls, the radial 
f ields wi l l be set-up by sl ight ly l i f t ing or 
lowering the units by means of their screw 
jacks. For this purpose, some of the jacks 
are driven by motors, wh ich can be 
remotely contro l led from the main contro l 
room of the ISR. 

The strength of the restor ing forces, 
wh ich retain the protons near their ideal 
t ra jectory has to be adjusted in order to 
reduce the ampl i tude of the osci l la t ions 
of the protons. It is especial ly important to 
avoid the number of osci l lat ions per revo­
lut ion being such that the effect of per­
turb ing forces is ampl i f ied by their per iod ic 
repet i t ion or, in other words, to avoid 
resonances between the forces and the 
osci l la t ions of the protons. A f ine adjust­
ment of the focusing forces wi l l be 
obta ined by sending currents into twelve 
sets of wires st retched on each magnet, 
wh ich can all be suppl ied wi th di f ferent 
currents. The wires are moulded together 
inside an insulat ing shell wh ich fits onto 
the magnet pole and the assembly is 
ca l led a pole-face wind ing. The currents 
are di f ferent in the pole-face wind ings on 
focusing and defocusing magnet units, so 
that 24 adjustments are possible in each 
r ing. The pole- face windings also make it 
possib le to compensate for changes of 
f ie ld d ist r ibut ion due to the var iable per­
meabi l i ty of the steel. 

The effect of the restoring forces on a 
proton depends on the proton energy. 
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A long magnet unit being lowered on to the 
transport lorry by means of a special harness. 
A complete long unit weighs about 53 tons 
and is assembled with a high degree of 
accuracy ; its transport into the ISR tunnel 
must therefore be done with great care. The 
lorry, which was specially built for this 
purpose, is equipped with hydraulic traction 
and a hydraulically controlled platform to 
keep the magnet horizontal, irrespective 
of the movements of the lorry. 

The measuring stand for long units. Two 
precision-ground diabase benches, carrying 
the measuring coils, are carefully aligned 
to the angle of the two cores in the long 
unit. Both F- and D-units, which are bent 
in opposite directions, can be measured 
on this stand, using the alternative sides 
of the bench. 

Since protons with dif ferent energies wi l l 
c i rculate at di f ferent radial posit ions inside 
the vacuum chamber, it is possible to 
adjust the restor ing forces to fit their 
di f ferent energies by means of specia l 
magnets, ca l led 'sextupole lenses'. There 
wi l l be 32 of these sextupole lenses in 
the ISR. 

Another effect to be avoided is the 
coupl ing of radial and vert ical osc i l la­
t ions, wh ich would cause protons osc i l la­
t ing in the horizontal plane around their 
ideal t ra jectory to go over progressively 
to perform the same osci l lat ions in the 
vert ical plane. Specia l magnet ic lenses, 
ca l led 'skew quadrupoles ' wi l l do this t r ick. 
There wi l l be 56 of them. 

Finally, two dif ferent sets of magnets 
have been added to serve the special 
requirements of exper imentat ion with co l ­
l id ing beams. 40 ' radial f ie ld magnets ' can 
steer the two c i rcu lat ing beams at each 
crossing point independent ly, so that at 
any part icular t ime they co l l ide or not, 
accord ing to the requirement of the exper i ­
ment set up around that point. 48 'Terwi l -
l iger quadrupoles ' make it possible to 

gu ide protons of dif ferent energies along 
the same t ra jector ies through four of the 
crossing points, thus reducing the cross-
sect ion of the beams at those points. 

Technolog ica l developments were need­
ed in order to cope wi th some of the 
speci f ic problems of the ISR magnet and 
to ensure economy and speed in construc­
t ion (to meet the const ruct ion programme 
the magnets have to be produced at about 
tw ice the rate required for the PS). Suc­
cess in prel iminary tests carr ied out in 
co l laborat ion with industr ial f i rms on the 
economica l product ion of decarbur ized 
steel sheet to t ight geometr ica l and ma­
gnet ic speci f icat ions, on precis ion stacking 
and weld ing of laminat ions, and on the 
use of radiat ion resistant resins for coi l 
insulat ion was reported in CERN COU­
RIER vol . 6, page 130 : the results have 
now been conf i rmed in large-scale pro­
duct ion. Another successful development 
has been the fabr icat ion of h igh-current 
water-cooled cables for the in terconnect ion 
of the magnet units. The compl ica ted geo­
metry of the machine and the need to 
keep the crossing regions clear for expe-
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r imentat ion makes the path of the inter­
connect ions so tor tuous that water -cooled 
bus-bars wou ld have been very di f f icul t to 
install and about tw ice as expensive. 

Interest ing problems also appeared in 
the design of the auxi l iary magnets. Since 
all these elements are short, their end 
effects are far f rom negl ig ib le and the 
pole prof i les had to be substant ial ly mod i ­
f ied to take them into account. Sat isfactory 
results were obta ined by apply ing al terna­
t ively bi-d imensional and t r i -d imensional 
f ie ld computat ions to an exist ing model . 
An extra di f f icul ty was found wi th the sex­
tupo le lenses, wh ich were given an e l l ip­
t ical aperture to fit c losely around the 
vacuum chamber. The overal l d imensions 
and the power consumpt ion were thus 
min imized, but the typ ica l s ix- fo ld symme­
try was lost. Eventually, after computa­
t ions and mesurements, magnet ic screens 
have been designed to shape their end-
f ields convenient ly. 

The parameters and design features of 
the main magnets were f ixed by mid-1966. 
By that t ime, the const ruct ion of two mo­
dels had proved that the design goals 
cou ld be achieved and that industry was 
widely interested in the project . In August 
1966, a speci f icat ion of the steel sheet was 
sent to rol l ing mil ls for qual i f icat ion tests 
and ten steelmakers submit ted sat isfactory 
samples. Tenders for the manufacture of 
the magnet cores were then invi ted. 

During 1967, whi le the design of all other 
components was being f inal ized and the 
corresponding invitat ions to tender were 
being issued, the negot iat ion of major con ­
tracts began. In July 1967, the order for the 
supply of 400 steel cores was awarded to 
ASGEN (Italy) with the agreement that the 
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4. A cross-section of the water-cooled cable 
which will be used for connecting the magnet 
units. The cooling water is circulated in the 
central copper tube which has a 16 mm bore 
and a 1 mm wall thickness ; the cross-
section of the standard conductor is 900 mm2. 
The white core insulation and black cheath 
insulation are made from special radiation-
resistant polyethylene. The minimum bending 
radius of this cable is 600 mm. It is probable 
that this type of cable, developed for the 
ISR, will find applications in many other 
fields. 

5. The assembly and measuring area for the 
magnet units. At the back, are the magnetic 
measurement bays for short units (left) and 
long units (right), with the data reduction 
room in the centre. In front of the bays 
is the assembly line where units are built 
up from cores and girders and aligned 
between four alignment posts. In the 
foreground, the coils are being mounted 
on the units ; three completely assembled 
short units and one long unit are ready for 
the magnetic measurements. 
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10 800 tons of steel sheet wou ld be pro­
duced by Italsider (Italy). In October, the 
contract for the supply of 1 100 exci tat ion 
coi ls for the main magnet, conta in ing 1 150 
tons of copper bar was s igned wi th A l -
sthom (France) and before the end of the 
year, the 800 pole-face wind ings and the 
124 girders for the long units were ordered 
from two f i rms in the Federal Republ ic of 
Germany, respect ively B.B.C. and Donges. 

In the first months of 1968, it was agreed 
that 870 jacks would be manufactured by 
C.P.T. (UK) ; 15 km of 900 m m 2 water -coo l ­
ed cables by Kabelmetal (Federal Repu­
blic of Germany) ; 4 km of cable ducts by 
Anton Klein (Federal Republ ic of Germany). 
The radial f ield magnets wi l l be suppl ied 
by Siemens (Federal Republ ic of Germany) ; 
the sextupoles and the skew quadrupoles 
by Smit Sl ikkerveer (Netherlands) ; the 
Terwi l l iger quadrupoles by M.F.O. (Switzer­
land). Other f i rms who have received sub­
stantial orders for the supply of auxi l iary 
magnet components are : A lumin ium AG, 
Switzer land (15 800 a lumin ium magnet cas­
t ings for coi l supports) ; Jean Gallay, 
Switzer land (800 heat shie lds for pole-face 

windings) ; Progress-Werk, Federal Repu­
blic of Germany (279 protect ions for ma­
gnet coi ls). 

In July 1968, the magnet group staff 
moved onto the ISR site to assemble and 
test components as they arr ived. Al l com­
ponents are del ivered di rect ly to the West 
Hall , where they are stored in a pre-esta­
bl ished o r d e r : more than 50 000 compo­
nents (not count ing nuts and bolts) wi l l be 
received. The assembly l ine includes two 
stands for the al ignment of the cores and 
six stands for mount ing the coi ls, the pole-
face windings, the protect ions and other 
accessor ies. 

Two measuring stations have been pre­
pared for short and long units respect ively: 
each is equipped with a precis ion bench 
made of b lack diabase, which supports 
and locates the measuring carr iages, and 
with a set of te lescopes to al ign the unit 
wi th respect to the bench. Both stat ions 
are powered by the same regulated rect i ­
f ier system and contro l led and moni tored 
from a central desk. Output signals are 
processed by a small on- l ine computer 
and the results are immediately avai lable 

in the form of pr inted tables of f ie lds, gra­
dients, errors, equivalent lengths, etc. This 
equipment is in operat ion and systemat ic 
measurements have started. Separate meas­
uring stands are being set up for auxi l iary 
magnets and lenses. 

By the end of October, all 10 800 tons of 
steel sheet had been produced and a tech­
nician of the magnet group had measured 
at the Italsider plant the character is t ics 
of 50 000 toro idal samples cut f rom the 
sheets, to ensure that the sheets enter ing 
the steel store were wi th in magnet ic spe­
c i f icat ion. At ASGEN, 20 cores had been 
produced and 10 del ivered to CERN. A l -
sthom had 100 coi ls on the product ion l ine 
and 32 were del ivered to CERN ; Brown, 
Boveri had del ivered 8 pole-face wind ings 
and Donges 12 girders. Delivery of other 
components for the main units had started 
accord ing ly , so that two complete units 
had been assembled and measured. Pro­
duct ion prototypes of the water-cooled 
cables had br i l l iant ly wi thstood the most 
severe tests at Kabelmetal . Instal lat ion in 
the ring bui ld ing is expected to start in 
December. 
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2. Radio-frequency System A beam observation pick-up station on its 
support. It has been partially demounted to 
show the electrode structure. The head 
amplifiers which treat the signals coming 
from the pick-up electrodes will be placed 
in the two lateral casings. 

W. Schnell 
With the present proton beam intensit ies 
avai lable f rom the synchrot ron, several 
hundred pulses have to be accumula ted, 
or 's tacked' , in order to reach the design 
intensity of 20 A c i rcu lat ing current in 
each storage r ing. The stack ing is done in 
' longi tudinal phase-space' wh ich means 
that the part ic les of successively in jected 
pulses are made to differ by a smal l 
amount of energy. This is achieved by 
means of the r.f. system. The bunches of 
part ic les arr iv ing f rom the PS are captured 
at the in ject ion orbi t near the inner wal l 
of the vacuum chamber and accelerated 
to the stacking orbi t where they are 
deposi ted by turn ing off the r.f. vol tage. 
The r.f. system then prepares to receive 
the next pulse and the same cycle is 
repeated every t ime a new set of part ic les 
is in jected. 

Two kinds of s tack ing schemes are 
possible and there wi l l be provis ion for 
both. In the first scheme, cal led non-
repeti t ive, the energy given to the protons 
in each pulse by the r.f. system (and hence 
the posi t ion in the vacuum chamber where 
the protons are deposited) is changed by a 
smal l amount in successive cycles so that 
the protons of dif ferent cycles are put s ide 
by side in the vacuum chamber of the ISR. 
In the second scheme, cal led repeti t ive, 
the newly in jected part ic les are always 
deposi ted at the same place near the outer 
wal l of the vacuum chamber. Part ic les 
that have been deposi ted earl ier are 
automat ical ly d isp laced inwards by the 
act ion of the same f requency modulated 
r.f. vol tage that accelerates the new par­
t ic les, thus making room for the newly 
in jected pulse. 

Each storage ring is equ ipped wi th six 
accelerat ing cavit ies. The cavit ies and 
high-power ampl i f iers have to cover a very 
large vol tage range dur ing the s tack ing 
process. Each cavity wi l l generate a max i ­
mum of 3.5 kV and a cont ro l led min imum 
of about 10 V peak r.f. vol tage. Another 
di f f icul ty is the strong interact ion between 
the beam and the cavity. The latter 
problem is overcome by strong negative 
feed-back, wh ich makes the cavity vol tage 
vir tual ly independent of beam loading, and 
by a design wh ich careful ly avoids higher-
order resonances in the cavity. 

The basic design of the h igh-power r.f. 
system is now complete, all components 

have been ordered, and product ion proto­
types have been received and tested. At 
the t ime of wr i t ing, all power suppl ies for 
the f inal ampl i f iers, being buil t by Sionic 
S.A. (Switzerland), and half the total number 
of cavit ies, bui l t by Jean Gal lay (Switzer­
land), have been del ivered. The series 
product ion of the power ampl i f iers is in 
progress at Zehnder Maschinenbau (Swit­
zerland). 

The low-power part of the r.f. system 
includes systems for programming the 
vol tage and f requency (matching the r.f. 
'buckets ' to the shape of the PS bunches 
by manipulat ions wi th phase and ampl i ­
tude), for phase- lock ing the r.f. to the 
beam, and for t iming. The latter system 
includes a device that determines the 
exact moment to turn off the r.f. f rom a 
dynamic measurement of f requency. In the 
non-repet i t ive stack ing scheme the tu rn-
off f requency is changed a smal l amount 
( typical ly one part in 10 6) in successive 
cycles. 

Phase-lock beam contro l has to be used 
at in ject ion. When the newly in jected and 
accelerated part ic les approach the beam 

wh ich is already s tacked, the use of phase-
lock is compl ica ted by the presence of 
the s tacked beam whose density becomes 
modulated by the r.f. A method has been 
devised to overcome this prob lem. It 
involves leaving one or more r.f. 'buckets ' 
empty to act as a marker wh ich enables 
the phase- lock system to dist inguish bet­
ween the in jected beam and the beam 
wh ich has already been s tacked. It wi l l 
also be possible, however, to generate the 
correct f requency by a programming system 
alone, wh ich meets the str ingent require­
ments concern ing f reedom f rom noise. 

At present, all the sub-systems men­
t ioned above exist in prototype form and 
some exist in f inal execut ion. Al l devices 
have been tested indiv idual ly and a g lobal 
test of the r.f. system was successful ly 
carr ied out at the end of 1967. This 
inc luded a model cavity and all the parts 
of the low-power system wh ich were 
avai lable at that t ime. 

During the last two years a further 
addi t ion to the r.f. system has been in­
vented. Its purpose is to solve the fo l lowing 
problem : 
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3. Vacuum System 

E. Fscher 
Since the c i rcumference of the ISRis1V2 

t imes that of the PS, one beam pulse 
transferred f rom the PS f i l ls only 2 / 3 of the 
ISR c i rcumference. Therefore, if nothing 
special is done, 10 out of the 30 r.f. 
'buckets ' generated by the ISR r.f. system 
would remain empty, result ing in a cor­
responding loss in the max imum intensity 
which could be at ta ined in the s tacked 
beam. It was or ig inal ly in tended to f i l l 
in the missing part of the beam by means 
of a second in ject ion f rom the PS pr ior to 
start ing each stack ing cyc le. This idea 
has now been abandoned and instead, a 
device that suppresses the unwanted empty 
buckets by swi tch ing off 10 out of every 
30 r.f. waves wi l l be incorporated in the 
r.f. system. This is possib le s ince it needs 
to be done only towards the end of each 
stacking cycle, when the r.f. vol tage is 
relatively low. The feasibi l i ty of this method 
has been successful ly demonstrated and 
a prototype system is under development. 

The r.f. group is also responsible for 
the beam observat ion system of the ISR. 
The main part of th is is a system which 
makes it possible to measure the vert ical 
and horizontal beam posi t ion at over 50 
places in each ring by means of capac i ­
tive induct ion e lect rodes (general ly cal led 
'p ick-up stat ions'). The signals f rom these 
stations can either be d isp layed direct ly 
or fed (after sui table treatment) to the ISR 
central control computer . The design of 
the p ick-up stat ion itself is complete, 
orders have been p laced and the f irst 
batch of series del ivery f rom N.V. Neratom 
(Netherlands) is expected to arr ive before 
the end of 1968. Part of the design of the 
signal processing system is comple te and 
the rest is in an advanced state. 

The rings 

The most important per formance f igure of 
storage rings for the exper imental is t is the 
luminosity wh ich determines the number 
of part ic le interact ions wh ich wi l l occur 
per second. Not only should the luminosity 
be as high as possible, it should also 
decrease as slowly as possible after both 
rings have been f i l led wi th protons and 
the exper iments have star ted. Calculat ions 
show that the main cause of the decrease 
in luminosity is the gradual b low-up ( in­
crease in the cross-sect ion of the stored 
beam) due to mult ip le scat ter ing of the 
protons on the residual gas. At an average 
residual gas pressure of 10~9 torr, wh ich is 
the design value of the ISR, the luminosity 
wi l l fal l in 20 hours to one half of its 
init ial value. This is sat isfactory tak ing 
into account that it needs less than 
one hour to f i l l both rings with protons. 

In calculat ing the 20 hours half- l i fe 
it is assumed that the beams are a l lowed 
to grow from an init ial height of 10 mm up 
to a maximum height of 14 mm at the 
interact ion points. However, physicists 
p lanning exper iments wi th the ISR want 
beams which do not increase in height 
and, correspondingly, in angular spread. 
The larger the angular spread, the more 
di f f icul t it is to interpret an observed 
event. 

It is qui te feasible to conf ine the beams 
by means of 'scraping targets ' wh ich 
el iminate all protons whose osci l lat ions 
exceed the desired beam size. However, 
this wou ld cause the luminosity to decrease 
much faster. Consequently, a l though it wi l l 
be a considerable feat to achieve the 
design value of 10~9 torr for the average 
pressure in the rings, a further decrease 
towards 10~ 1 0 torr wi l l a lmost certainly be 
cal led for, s ince this wi l l improve the 
overal l per formance of the ISR. 

The main problem in the construct ion of 
the ISR vacuum system is not the required 
low pressure — the technology to achieve 
a 1 0 - 9 to 10~ 1 0 torr vacuum is, by now, 
very wel l known. The problem is the sheer 
size and complexi ty of the system. The 
total length of the stainless steel chambers 
of the two rings is almost 2 km, subdiv ided 
into sect ions varying in length between 
30 cm and 7 m. More than six thousand 

demountab le f lange seals are required for 
jo in ing the chambers together and for 
connect ing pumps, gauges and other 
equipment . 

The pumping system wi l l consist of 80 
turbomolecu lar pumping stat ions wi th 
about 60 l/s pumping speed for pre-
evacuat ion down to 10~6 torr, of 300 sputter-
ion pumps wi th 350 l/s speed as main 
pumps and 100 t i tanium subl imat ion pumps 
as auxi l iary pumps at cr i t ical places where 
higher pumping speed is required. More 
than 500 ionizat ion gauges wi l l be instal­
led for total pressure measurement as wel l 
as 25 residual gas analysers. Some 1 200 
c lear ing e lectrodes with high vol tage feed-
throughs must be instal led wi th in the coi l 
overhangs of all magnets for the extract ion 
of e lectrons f rom the beam region. Forty 
gate-valves wi l l make it possible to d iv ide 
the r ings in sectors of 30 to 80 m length 
so that repairs or modi f icat ions can be 
done by lett ing only one sector up to 
atmospher ic pressure and not the whole 
system. Furthermore, 130 roughing valves 
are required. The chamber wi l l incorporate 
many hundreds of f lexible stainless steel 
bel lows, wh ich wi l l a l low the vacuum 
chamber to fo l low the lateral mot ion of 
magnets and lenses by a few mi l l imetres 
dur ing their a l ignment wi thout in t roducing 
mechanica l stresses. 

Finally, all chambers, pumps, gauges, 
valves, etc. wi l l be equipped wi th heat ing 
elements, thermo-couples and thermal 
insulat ion. This equipment is needed for 
the bake-out of the chamber, sector by 
sector, so as to reduce the gas desorpt ion 
f rom all internal surfaces. 

An important aspect in select ing the 
equipment for the vacuum system is 
rel iabi l i ty and a great effort has been made 
over several years to f ind the most rel iable 
pumps, the most rel iable design for de­
mountable seals, the most rel iable e lectr ica l 
feed-throughs and so on. The contracts for 
the supply of all the major components 
have now been placed and the f irst units 
have arr ived at the ISR site. The arduous 
task of test ing every component as thor­
oughly as possible before it is instal led 
is now beginning. It is necessary to detect 
faults such as leaks, insuff icient c leanl iness, 
mal funct ion ing of pumps, incorrect reading 
of gauges, and so on. The pressure wh ich 
is f inal ly achieved in the ISR wi l l not 
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Acceptance tests on the first batch of 
sputter-ion pumps which have arrived at CERN. 
Each pump must demonstrate an ultimate 
pressure below 5 X 7(H1 torr before it is 
accepted. The pumps are fully encapsulated 
by bake-out ovens with water-cooling of the 
outer walls. 
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depend on the ideal concept ion of the 
vacuum system but on all types of faults 
wh ich it has not been possible to avoid or 
to repair. 

The interaction regions 

Unusual vacuum problems must be solved 
for the interact ion regions where the pro­
ton-proton col l is ions have to be d is t in­
guished from the background of col l is ions 
wi th the nuclei of the residual gas. This 
background wi l l be at an acceptable level 
if the part ial pressure of hydrogen in the 
interact ion region is not higher than 1CT10 

torr and the part ial pressure of n i t rogen, 
carbon monoxide and gases of s imi lar 
molecular weight not higher than 10~ 1 1 torr. 
By now, two dif ferent types of pump for 
obta in ing such low pressures are buil t and 
have been tested at CERN. One pump uses 
surfaces cooled by l iquid hel ium to about 
2.7°K, the other uses t i tanium getter f i lms 
at 78°K (the temperature of l iquid ni trogen). 

Unfortunately, for most ISR exper iments 
the physicists do not want to have the 
intersect ion point c lut tered by voluminous 
pumps. There is therefore a second require­
ment that the pumps to produce the very 
low pressure be p laced as far away as 
possible f rom the interact ion region. They 
wi l l be instal led a longside the four nearest 
bending magnets. Under these condi t ions, 
the gas desorpt ion f rom the chamber wal l 
becomes the l imit ing factor d ic tat ing the 
lowest pressure that can be achieved. The 
technology has been studied and deve­
loped for reducing the desorpt ion rate of 
hydrogen f rom stainless steel down to 
10" 1 3 torr l i tre/s c m 2 and that of all other 
gases to below the detect ion l imit. It 
involves high temperature (800-1000°C) 
vacuum anneal ing for several hours dur ing 
the manufactur ing process. The residual 
gas in the interact ion regions wi l l be 9 9 % 
hydrogen. 

A th i rd requirement concerns the th ick­
ness of the vacuum chamber wal l . Protons 
or secondary part ic les f rom a pro ton-
proton col l is ion change their d i rect ion of 
f l ight whi le passing through the chamber 
wal ls due to mul t ip le scat ter ing. This 
change of d i rect ion should be smal ler than 
the angular spread of the c i rcu lat ing pro­
tons in order not to int roduce addi t ional 
imprecis ion in the detect ion of the part ic les. 

Stainless steel wal ls wi th a th ickness of 
a few tenths of a mi l l imeter seem to be 
both acceptable and technica l ly feasible. 

Beam transfer channels 

The vacuum system for the beam transfer 
channels between the PS, ISR and West 
Hall is relat ively s imple, s ince it is suf f i ­
c ient to have a pressure below 10~5 torr. 
Nevertheless, wi th 1.5 km total length it 
is twice as long as the vacuum chamber 
of the synchrot ron itself. The guid ing 
pr inc ip les in designing the vacuum system 
of the beam transfer l ines have been to 
bui ld a system wh ich wi l l need pract ical ly 
no attent ion once it is comple ted, and to 
suppress all organic matter wh ich might 
be damaged by radiat ion. 

From the end of 1967, the contracts for 
the supply of all the main components 
for the vacuum system have been agreed. 

The main contracts have been p laced 
as fo l lows : 
ISR vacuum chamber 
steel — Avesta Jernverks A.B. (Sweden) 
machin ing — Noratom-Norcontro l A/S 
(Norway) 

bel lows — Société Calorstat (France) 
assembly — Jean Gallay S.A. (Switzerland) 
tests — Société générale du Vide (France) 
370 sputter- ion pumps — Varian (Italy) 
90 turbomolecular pumping stat ions — 
Pfeiffer GmbH (Federal Republ ic of Ger­
many) 

550 Bayard-Alpert ionizat ion gauges — 
C.S.F. (France) 
42 sector valves — Leybold-Heraeus (Fe­
deral Republ ic of Germany) 
150 Roughing valves — S.R.T.I. (France) 

The first batch of twenty sputter- ion 
pumps arr ived in October 1968 on the ISR 
site, where the pumps are to be thoroughly 
tested in the West Hall before acceptance. 
This month, November, the f irst batch of 
tu rbomolecu lar pumping stat ions and also 
the f irst complete chamber sect ions are 
scheduled to arrive. In March 1969, the 
f irst chambers wi l l be instal led in the gaps 
of those magnets wh ich wi l l be, by then, 
already in their places in the ISR tunnel . 
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4. Beam transfer A cross-section of the downstream steel 
septum magnet used to inject beams into 
the ISR. Notice that the beam is being deflected 
vertically so that the vacuum chamber of the 
transfer channel rises as it passes through the 
magnet, and that the magnet has a groove where 
the vacuum chamber of the storage ring 
itself passes. 

The requirements involved in t ransferr ing 
proton beams from the PS to the ISR and 
to the West Hall are unprecedented in 
scale and complexi ty . They wi l l be des­
cr ibed in four sect ions cover ing the act i ­
vit ies of the Beam Transfer Group : 

a) Beam transport 

The Figure on page 265 shows the layout 
of the beam transfer system, consist ing of 
four dif ferent channels. There is an almost 
straight channel (TT 2) f rom the PS to the 
ISR Ring 1. This channel has two branch 
points - for beams to Ring 2 (TT 1) and to 
the West Hall (TT 2a). A four th, indepen­
dent, channel (TT 3) t ransports the e jected 
proton beam from the ISR to the West Hall . 
The total length of these four channels is 
approximately 1.6 km and they contain 
about 125 bending magnets and 170 qua­
drupoles. 

The level of the ISR site is up to 25 m 
higher than that of the PS site. To l imit the 
cost of excavat ion and of access roads 
the beam level of the ISR was chosen as 
high as possible, subject to the require­
ment that the ISR tunnel f loor should rest 

B. de Raad 
direct ly on the molasse pract ical ly every­
where. This resulted in a beam level 445.46 
m above sea level for the ISR compared 
with 433.66 m for the PS. Al l the channels 
have to guide the beams both horizontal ly 
and vert ical ly, so that their concept ion and 
al ignment is a three-dimensional prob lem. 

The beam path takes the fo l lowing 
course. Just after emerging from the PS, a 
small vert ical def lect ion takes it over the 
l inac beam ; it then cont inues horizontal ly 
at a level of 434.24 m. Over the last 110 m 
to the ISR there is an upward slope of 
about 1 0 % , so that the t ransferred beams 
approach the ISR from below on the inside 
of the rings. The channel to the West Hall 
passes at a level of 434.24 m under the ISR 
and then rises, wi th a s lope of 12 % to the 
beam level of 448.06 m in the West Hall . 

Extensive computat ions have been made 
to arrive at a system which wi l l ensure that 
the beam quali ty does not deter iorate 
dur ing transfer. Vert ical ly, the channels are 
dispersion free and the horizontal disper­
sion has been adjusted so that 'o f f -momen­
tum' part ic les are in jected into the ISR 
approximately onto their respective equi l i -

Coil ends bent over 

brium orbi ts. At the beginning and end of 
the transfer channels, there are separately 
exci ted quadrupoles to 'match ' the proton 
beam respect ively to the transfer channels 
and to the ISR. 

The aperture of the vacuum vessel in the 
transfer channels is 130 mm horizontal ly 
and 80 mm vert ical ly. The maximum f ie ld 
in the bending magnets is 12 kG and the 
maximum gradient in the quadrupoles 
about 1.5 kG/cm. All the bending magnets 
and quadrupoles are laminated to a l low 
rapid changes and more reproducib le set­
t ing of the magnet ic f ields. The quadru­
poles wi l l be constructed by B.B.C. (Fede­
ral Republ ic of Germany) who have already 
del ivered a sat isfactory prototype, the ben­
ding magnets by Alsthom (France). 

As far as possible, groups of bending 
magnets and quadrupoles are exc i ted in 
series. But, due to the compl ica ted geo­
metry and the large number of separately-
exc i ted quadrupoles there wi l l be almost 
100 power suppl ies ranging from 6 kW to 
800 kW output power. Their half-hour 
stabi l i ty and the ampl i tude of their current 
r ipple has to be one part in 10 4, wi th even 
more str ingent condi t ions (two parts in 10 s 

of the instantaneous current, down to 1/5 
of maximum current) for the power sup­
plies wh ich produce large vert ical def lec­
t ions. Each power supply wi l l have, as a 
vol tage reference source, a specia l ly deve­
loped digi tal to analogue converter, wh ich 
has a precis ion of ± 5 parts in 10 6 of the 
maximum output vol tage of 10 V, wi th 
mains f luctuat ions of ± 1 5 % and an output 
impedance that is independent of its set­
t ing. These converters can readily be set 
remotely by an operator but it is hoped 
that, soon after the init ial running-in per icd , 
they wi l l be set by the ISR contro l com­
puter. The power suppl ies, inc luding the 
digi tal to analogue converters, are under 
construct ion at Brentford Electr ic (UK). 

b) Injection into the ISR 

The in ject ion system can be compared to 
a fast e ject ion system of an accelerator 
but wi th its components in reverse order. 
The beam approaches the ISR at a large 
angle and is made approximately paral lel 
to the central orbi t by a septum magnet. 
It enters the ring at a specia l ly w idened 
part of the vacuum chamber and some­
what less than one quarter of a betatron 
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An end view of the fast injection kicker magnet. 
The aperture through which the beam passes 
is just visible (the dark slot at the centre of 
the magnet on the right). The screen which 
covers the aperture, to shield the stacked beam 
from the kicker magnet field, slides up from 
below. The equipment attached to the end 
of the magnet is temporarily installed for 
magnetic measurements. 

wavelength downstream, passes through 
a fast k icker magnet wh ich def lects it onto 
the in ject ion orbit . The f ie ld of the fast 
k icker must be turned off before the pro­
tons pass through it again after their f irst 
revolut ion. 

In exist ing e ject ion systems, the septum 
magnet is located inside the machine 
vacuum chamber and def lects the beam 
horizontal ly. The copper septum that forms 
the one-turn wind ing of the septum magnet 
has a th ickness of a few mm and carr ies 
a pulsed current of the order of 20 kA. 
In the ISR, s ince the beam comes up f rom 
below anyhow, it was dec ided to use a 
magnet ic steel septum which def lects the 
beam vert ical ly. This has the advantage, 
that the coi ls of the steel septum magnet 
can have a normal size and be exc i ted 
wi th direct current. Therefore a steel 
septum magnet can be more precise and 
more rel iable than the pulsed-current 
septum magnets wh ich have often given 
t rouble in e ject ion systems. The d isad­
vantage is that the steel septum has a 
th ickness of 14 mm to wh ich must be 
added 2 mm for magnet ic shie ld ing in the 
groove of the steel septum magnet and the 
beam has therefore to be given a b igger 
def lect ion by the k icker magnet. The ISR 
in ject ion system has two steel septum 
magnets in series, wh ich are incl ined at 
angles of 14° and 19° to the ver t ical , to 
a l low the in jected beam to pass in front 
of the core of the F-unit at the upstream 
end of the in ject ion straight sect ion. A 
cross-sect ion of the downstream steel 
septum magnet is shown in the Figure. 
To leave space for the ISR vacuum 
chamber the complete coi l of each steel 
septum magnet is bent over towards one 
side. The vacuum chambers have been 
designed such that the steel septum magnet 
is ent irely in air, thus greatly s impl i fy ing 
the design of the ul tra-high vacuum system 
in that region. 

The fast k icker consists of two modules, 
each 1.5 m long, wh ich def lect a proton 
beam of momentum 25 GeV/c over 2.5 mrad 
when exci ted wi th a rectangular vol tage 
pulse of 2.4 LIS durat ion and 17.8 kV ampl i ­
tude. Each burst of protons f rom the PS 
has a durat ion of 2 LIS whereas the revolu­
t ion t ime in the ISR is 3 LIS. The pulse in 
the fast k icker can thus have a relatively 
long rise and fal l t ime. But to restr ict injec­

t ion errors, it is essential that the transients 
and droop dur ing the flat top of the pulse 
be as smal l as possible and that, in less 
than 1 LIS after the end of the flat top, the 
magnet ic f ie ld be reduced to, at most, a 
few thousandths of the flat top f ie ld . A 
large effort has therefore gone into making 
the electr ical character is t ics of the fast 
k icker and associated c i rcui ts as near 
ideal as possible. In the prototype kicker, 
a droop dur ing f lat top of 1 % and t ran­
sients of about ± 1 % , have been achieved. 

The choice of mater ials and methods of 

construct ion for the fast k icker are seve­
rely restr icted by the requirement that it 
must operate in ul tra-high vacuum and be 
baked out at 300°C. Only metals, ceramic 
and ferr i te can be used ; all the metal 
parts are made of t i tanium, wh ich has the 
best vol tage-hold ing character is t ics and 
a shorter condi t ion ing t ime than, for 
instance, stainless steel . Al l components 
of the k icker are chemical ly c leaned and 
assembled in a c lean, dust-free room. 
Figure 2 shows a ful l -scale k icker module, 
made by Mul lard (UK), who are construe-

274 



5. Power 
Supplies 

t ing all the k icker modules for the ISR. 
Each kicker module is housed in its own 

ultra-high vacuum tank, wh ich has a length 
of 1.96 m and a d iameter of 0.625 m. Two 
prototype tanks, made by Leybold-Heraeus 
(Federal Republ ic of Germany) who are 
now construct ing the f inal tanks for the 
inject ion system, were pumped down to 
6 x 10~ 1 1 torr when empty and to 
1 0 - 1 0 torr wi th the prototype k icker inside. 

To shield the s tacked beam f rom the 
stray f ie ld of the kicker, an a lumin ium 
screen is moved in front of its gap, whi le it 
is being pulsed. The screen is actuated, via 
bel lows, by a hydraul ic servo-actuator loca­
ted outside the tank. Extensive l ife tests 
of bel lows have been made to prove the 
rel iabi l i ty of such a system and, as a typ i ­
cal example, we lded bel lows wi th a length 
of 154 mm, were st i l l u l t ra-high vacuum 
t ight after 2 x 10 7 cyc les. 

c) Ejection from the ISR 

The ISR can supply exper imenters in the 
West Hall wi th protons at a repet i t ion rate 
and duty cycle that can be var ied over a 
wide range, independent of the PS. For 
example, all the accelerated protons f rom 
the PS could be in jected every 2 seconds 
into the ISR and then each of the 20 bun­
ches could be e jected one at t ime at 0.1 s 
intervals, f rom the ISR. Al ternat ively, every 
f i f th burst f rom the PS cou ld be in jected 
into the ISR and then spi l led out s lowly 
over, say, 10 s. Many other modes of ope­
ration can be envisaged. 

Extensive computat ions, wh ich were ma­
de to determine the relat ive meri ts of var ious 
slow eject ion systems, ind icate that ejec­
t ion using the 8 V 3 resonance is the most 
attract ive for the ISR. It is intended to 
construct a feedback system wh ich measu­
res the instantaneous external beam cur­
rent and contro ls the rate of shr ink ing of 
the phase-stable area. It is hoped that, in 
this way, reproduc ib le spi l l -out can be 
achieved dur ing t ime intervals that are 
more than an order of magni tude longer 
than the present PS flat top. The eject ion 
channel wi l l consist of a th in and th ick 
septum magnet, both d.c. operated. Proto­
types are under const ruct ion. 

Fast e ject ion wi l l use the same eject ion 
channel as slow e ject ion and wi l l be de­
signed to cope wi th a large range of pulse 
lengths and repet i t ion rates. 

d) Beam dumping 

At 28 GeV and at the design current of 
20 A, the stored energy in each beam is 
about 1.7 x 10 6 J , wh ich is enough to heat 
about 3 kg of steel to a temperature of 
1000°C. If, for instance, the power supply 
of the ISR magnet rings dropped out due 
to mains fai lure, the s tacked beams wou ld 
spiral outward (as the strength of the ma­
gnet ic f ie ld fell) wi th a p i tch of a few mi ­
crons per revolut ion. Most of the protons 
wou ld then be absorbed in a small region 
of the ISR vacuum chamber, where the 
c losed orbit is nearest to its outs ide wal l , 
so that a severe risk of damage to the 
vacuum chamber would exist. 

It is therefore necessary to have a sys­
tem that is rel iable and s imple to operate, 
wh ich can dump the beams whenever 
safety c i rcui ts indicate faulty operat ion or 
radiat ion detectors detect excessive beam 
less. The same beam-dumping system wi l l , 
of course, also be used for scheduled 
beam-dumping in order to concentrate the 
beam loss, as much as possible, in a smal l 
region of the ISR to reduce the induced 
radioact iv i ty elsewhere. 

The beam dumping system wh ich is 
under development makes use of the fact 
that the vert ical beam size is small in the 
straight-sect ions between two focusing 
magnets and is independent of the beam 
current. A fast k icker wi l l be p laced at the 
upstream ends of the two 17 m long straight-
sect ions at crossing point 3 (one for 
each ring) to def lect the beam vert ical ly 
into a dump block at the downstream ends. 

The material for the dump block must 
have a large speci f ic heat, a small coef f i ­
cient of thermal expansion, a small modu­
lus of elast ic i ty and a high yield st rength. 
The best combinat ion of these propert ies 
is offered by t i tanium al loys. Monte Carlo 
computat ions of the nuclear shower in 
a b lock of t i tanium indicate that, wi th a 
20 A beam current, the maximum local 
temperature rise is about 350°C and the 
maximum stress about 25 % of the y ie ld 
stress at 20°C. The beam dump kicker wi l l 
be pulsed from a delay l ine, or possibly 
s imply f rom a capaci tor, and, s ince these 
devices wi l l be permanent ly charged, the 
k icker can sti l l be pulsed once in the event 
of a mains fai lure. 

S. van der Meer 
The power suppl ies for the two main 
magnet r ings of the ISR have very di f ferent 
requirements from those of an accelerator . 
In the f irst p lace, the magnets are not 
pulsed and there is no need for rotat ing 
plant or stat ic compensators to ease the 
burden on the mains. The magnets can 
be run up to the required f ie ld level and 
the current fed to the magnets may then 
be kept constant for many hours. 

On the other hand, there is need for 
except ional stabi l i ty in the current. In 
order to retain beams c i rcu lat ing for many 
hours the magnet f ield has to be kept 
extremely steady, wh ich imposes the 
requirement that the output currents f rom 
the power suppl ies must be stable to 
wi th in ± 3 X 10~5 of their nominal value 
over 10 min and to wi th in ± 10~4 over 2 
months. This appl ies over the ful l current 
range needed to store beams wi th energies 
from around 8 GeV to 28 GeV. Very low 
r ipple in the output vol tage of the power 
suppl ies, about 100 mV in 1800 V, is 
required and is achieved by means of 
passive and act ive r ipple f i l ters. 

The power suppl ies are therefore essen­
t ial ly s t ra ight forward d.c. suppl ies using 
sol id-state rect i f iers, equipped wi th excep­
t ional regulat ion systems. Tests on a 
smal l -scale model to prove the regulat ion 
system were successful ly carr ied out at 
CERN. 

Two big units (7 MW each) are now 
being manufactured by Smit -Brent ford 
(Nether lands/UK). Their output current wi l l 
be cont inuously adjustable between 940 A 
and 3750 A. The current can be set any­
where between these two values to take 
beams of di f ferent energy or can be var ied 
slowly dur ing the t ime that the beams are 
stored so that s low accelerat ion or decele­
rat ion of ei ther or both beams can be 
carr ied out. 

Auxiliary power supplies 

In addi t ion, as many as 192 auxi l iary 
rect i f ier sets are needed to feed the 
cor rect ing elements, such as pole- face 
windings, sextupole and quadrupole lenses, 
radial f ie ld magnets, etc. Most of these 
rect i f iers also have to del iver extremely 
smooth output vol tage. 

These units can be obta ined vi r tual ly 
'o f f - the-shel f and it has not been neces-
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6. General Engineering 

H. Horisberger 
sary to carry out development work at 
CERN. There wi l l , of course, be the usual 
series of acceptance tests, as the sets 
are manufactured. An order for 68 medium-
power rect i f iers (between 14 and 75 kW) 
was recently p laced wi th Oer l ikon (Swit­
zer land). The remaining 124 low-power 
rect i f iers (between 2.5 and 15 kW) wi l l be 
ordered before the end of 1968. 

Considerable effort is being made to 
achieve power supply operat ion as auto­
matic as possible. Obviously, when so 
many units are involved, indiv idual sett ing 
needs to be avoided. Digital to analogue 
converters wi l l be used and the suppl ies 
wi l l eventual ly be set via the ISR contro l 
computer. 

The General Engineering Group offers 
services, mainly in the f ie ld of mechanica l 
engineer ing, to all the other groups in­
volved in the ISR project . It consists of 
four sect ions. 

1. The Drawing Office 

In c lose co l laborat ion wi th the engineers 
of the var ious groups, the drawing of f ice 
designs and establ ishes the manufactur ing 
drawings of pract ica l ly all machine compo­
nents involving mechanical design. It helps 
to prepare speci f icat ions for these i tems 
and is often responsible for order ing and 
fo l lowing up orders. 

A typical example of a p iece of equip­
ment ent irely designed by the drawing 
of f ice is shown in the photograph. It is the 
specia l vehic le to t ransport some 130 
bending magnets, we igh ing up to 20 tons, 
inside the beam transfer tunnels where 
no overhead cranes are avai lable. Some 
of the design parameters were extremely 
severe : the magnets have to be dr iven 
down slopes of up to 1 2 % (equivalent to 
the steepest mountain passes), s topped 
wi th mi l l imeter accuracy, the wheels turned 

through 90° and the magnet moved onto 
its f inal supports. Important safety con ­
siderat ions had to be taken into account. 
Each of the four wheels, for instance, is 
equipped wi th an emergency brake wh ich 
wou ld b lock the carr iage in case of a 
power fa i lure. The vehic le passed a 
number of factory tests wi th success at 
the manufacturers, Von Roll (Switzerland), 
and has recent ly been del ivered to CERN 
where it is undergoing further tests before 
beginning regular operat ion next year. 

2. Mechanical Workshop 

It was clear f rom the beginning, that the 
construct ion of the ISR would require a 
large amount of development and proto­
type work and a div is ional workshop was 
therefore set up in 1966. It is equ ipped 
wi th modern machine tools, a sheet metal 
and weld ing shop, and a tool room, and 
staffed wi th highly qual i f ied personnel . 

Together wi th the Vacuum Group it has 
carr ied out a lot of development work to 
f ind economic and rel iable manufactur ing 
methods for ul t ra-high vacuum components , 
and has bui l t prototypes of chamber sec-



The extraordinary transport vehicle designed 
to carry magnets down the transfer tunnels 
where there are no cranes. It has to protect 
the magnets from any shock which would 
disturb its precise assembly and has to descend 
steep hills since the tunnels rise up from 
below the level of the ISR. When it reaches 
the desired position it stops with a precision 
of 1 mm and then moves exactly at right angles 
to its initial direction. It stops again with 
precision and jacks are inserted to lift the 
magnet clear. It then moves out and the proper 
magnet supports are put in position. 

7. Controls 

G. Schaffer 
t ions, valves, etc. Large quant i t ies of 
weld ing samples, inc lud ing p lasma weld ing 
for thin wal l stainless steel membranes, 
have been produced. 

For the Magnet Group, the workshop 
built cut t ing devices to take samples f rom 
steel sheets for permeabi l i ty measure­
ments, high prec is ion ca l ibrat ing and 
measuring coi ls for magnet ic measure­
ments, precis ion tools for pole prof i le 
measurements etc. Furthermore, it carr ied 
out a series of qual i fy ing tests on magnet 
support ing jacks and, recently, a check ing 
sect ion has been set up to make d imen­
sional checks on the large series of ma­
gnet components. 

For the Radio Frequency Group, it 
contr ibuted to the cont ruct ion of r.f. cavity 
models, p ick-up stat ions, etc. 

3. Cooling and Air Conditioning 

This sect ion is responsible for the design, 
order ing, instal lat ion and put t ing into 
operat ion of all the coo l ing and air con­
di t ioning instal lat ions required in the ISR 
and beam transfer systems. The work has 
been div ided into the fo l lowing com­
ponents : 

a) Air condi t ion ing system of the ISR 
Ring Tunnel — a total vo lume of about 
140 000 m 3 . To retain accurate a l ign­
ment of the machine components , the 
temperature must be mainta ined at 
20 ± 1°C wh ich imposes severe require­
ments on the air d is t r ibut ion and regu­
lation system. A propor t ional - in tegra l 
temperature regulator was chosen to 
satisfy these t ight temperature to le­
rances. The air is rec i rcu lated through 
nine air t reatment plants, s i tuated in 
special ly elevated roof st ructures of 
the r ing-tunnel, and d is t r ibuted through 
round ducts of 80 cm diameter. Instal­
lation has already started in Octant 3. 

b) Air condi t ion ing system of the beam 
transfer tunnels — a total vo lume of 
about 15 000 m 3 . The temperature con­
dit ions are s imi lar to those in the r ing 
and the same regulat ion system has 
been adopted. There wi l l be 14 air-
condi t ion ing units, s i tuated in enlarged 
tunnel sect ions along the var ious 
transfer channels. The instal lat ion work 
is scheduled to start this month. 

c) Re-cool ing plant — serving the var ious 

c losed cool ing water c i rcui ts of the 
magnet systems and the air con­
di t ioning systems. Since natural cool ing 
water is rather scarce on the CERN 
site, a system using water chi l lers wi th 
centr i fugal compressors and cool ing 
towers has been adopted. The total 
design capaci ty is 26.4 Gcal /h and the 
cool ing water temperatures, at ful l load 
wi l l be 13 to 33°C for the magnet 
systems and 5 to 12°C for the air con­
di t ioning systems. The plant wi l l be 
one of the largest of its kind in Europe. 

The tenders for the complete instal­
lation have been received and a con­
tract wi l l be p laced short ly. Instal lat ion 
wi l l start in May 1969. 

d) Piping system — dist r ibut ing coo l ing 
water to the various users. It inc ludes 
also the hot water pipes of the air 
condi t ion ing systems. The instal lat ion 
consists of 22 km of low carbon sta in­
less steel pipes carry ing demineral ized 
water to the magnet cool ing systems, 
and 8 km of normal steel pipes for 
the air condi t ion ing system. Instal lat ion 
wi l l start this month. 

e) Distr ibut ion network for general pur­
pose and dr ink ing water, and for com­
pressed air —• serving the ISR and 
beam transfer tunnels. Speci f icat ions 
for these items are in preparat ion. 

4. Coordination and Planning 

The group is responsible for the coord ina­
t ion and planning of the instal lat ion of 
the machine. An important part of coor­
dinat ion is already done in the drawing 
off ice, to the extent that it must avoid 
interference between the many components 
it designs. For this purpose, it executes 
also the layout and assembly drawings. 

Modern planning methods (PERT pro­
gramming) are employed, using computer 
programs developped at CERN for the 
CDC 6600 computer. A f irst instal lat ion 
programme has been establ ished for 
Octant 3 and the adjacent service tunnels, 
where instal lat ion work has star ted. A 
Technical Committee, w i th two members 
f rom each group, was set up early this 
year. Al l construct ional aspects involving 
several groups, and all problems con­
cern ing instal lat ion are d iscussed and 
approved in this commit tee. 

The ISR project involves a very large com­
plex of sophis t icated equipment and requi­
res a considerable effort to study and 
solve the contro l problems in deta i l . A 
Controls Group was therefore set up about 
two years ago. Work on sel f -conta ined 
parts of the contro l system is assigned to 
pro ject engineers or physicists who l ink a 
speci f ic ISR Group wi th the Controls 
Group. But general development and stan­
dardizat ion of contro l techniques, such as 
data acquis i t ion and t ransmission, and 
p lanning of the control cable network, is 
carr ied out central ly accord ing to overal l 
requirements. 

The locat ion of the storage rings con­
trol centre (SRC) can be seen on the Fi­
gure. It wi l l be combined wi th the 
swi tchyard (SY) and West Hall (Ei) contro l 
centre, to faci l i tate communicat ion bet­
ween operators and to avoid dup l ica ted 
contro ls for the beam transfer channels. 

Safety aspects 

The personnel radiat ion protect ion system 
(or access contro l system) has to take 
into account four basic modes of operat ion 
of the ISR complex, as indicated in the 
Table. It wi l l subdiv ide the entire tunnel 
system into four main zones (see Figure) 
wi th ei ther restr icted or author ized access, 
depending on the mode of operat ion in 
use. 

The radiat ion safety of the staff work­
ing inside one or several zones wi l l be 
ensured by the fo l lowing main elements 
(in addi t ion to the general provis ion of 
sh ie ld ing and radiat ion warnings) : 

— remotely contro l led access doors and 
safety keys ; 

— beam dumps, stoppers and concrete 
separat ion wal ls in the transfer tunnels ; 

— 'o f f status of power suppl ied to some 
of the beam transfer bending magnets; 

— beam dumping mechanisms in the sto­
rage rings. 

The f irst elements to be instal led, dur ing 
the next p rogrammed shut-down of the PS, 
are dump D1 and stopper ST1, both in 
front of separat ion wal l W 1 . 

The design study of the ISR access con­
trol system has been completed. A model 
of a typ ica l contro l and moni tor ing panel 
has been buil t in order to s imulate the 
logic appl ied to door inter locks. 
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Beam transfer channels 

The necessary def lect ion of the e jected 
PS or ISR beams through both hor izontal 
and vert ical angles results in compl ica ted 
beam opt ics and about 70 beam moni tors 
of var ious types are required to set up and 
moni tor the beams in the beam transfer 
channels. New versions of beam prof i le 
and posi t ion monitors based on the p r inc i ­
ple of secondary emission are under de­
velopment and construct ion. 

The type shown in the Figure is designed 
for beam emit tance measur ing and mat­
ch ing purposes. It uses a row of hor izon­
tal and a row of vert ical th in a lumin ium 
foi ls and the e lectronic c i rcu i ts connected 
to the individual foi ls del iver quant i tat ive 
signals on the beam intensity prof i le. They 
are designed to work wi th both fast and 
slow e jected beams. A prototype secondary 
emission monitor (SEM) has been success­
ful ly tested at the PS in a fast-e jected 
beam ; tests in s low-ejected beams wi l l 
fo l low. Besides quant i tat ive in format ion, 
this moni tor offers the advantage of intro­
duc ing smal ler mul t ip le scat ter ing than 

monitors involving an inorganic lumines­
cent screen and TV camera (al though the 
latter wi l l also have to be used in some 
places to observe the beam size). 

Another new type of prof i le moni tor 
uses two SEM probes, wh ich are dr iven by 
stepping motors, to f ind the edges of the 
beam or to plot the intensity d is t r ibut ion. 

Since these monitors are beam-intercept­
ing types, they are normal ly moved away 
from the beam path. Some of these devices 
must also be used in the storage rings 
proper for adjustments of the beam on its 
f irst revolut ion and, therefore, must be 
sui table for ul tra-high vacuum. 

Vacuum problems 

The Controls Group is providing the power 
suppl ies and contro l units for the sputter 
ion pumps (325), roughing stat ions, Bayard 
Alpert ionizat ion gauges (300), subl imat ion 
pumps, c lear ing electrodes, sector valves 
and scanners for bake-out temperature 
measurements. Most of these units must be 
remotely cont ro l led and require careful 
attent ion in design speci f icat ions and 
prototype tests (in part icular, the control 

units for ionizat ion gauges). 300 of these 
units were recent ly ordered from Balzers 
(Liechtenstein). Tenders have been received 
or are being prepared for the other items. 

Signal transmission and monitoring 

The requirements for s ignal t ransmission 
to or f rom the ISR contro l centre include ; 
— safety elements (access doors, keys, 

radiat ion moni tors, beam dumps) ; 
— informat ion on PS ejected beams ; 
— beam steer ing and matching in the 

beam transfer channels ; 
—• ul t ra-high vacuum system per fo rmance ; 
— ISR t iming system ; 
— measurement and display of orbi ts and 

Q-values dur ing in ject ion and s tack ing ; 
— c losed orbi t and beam prof i le correc­

t ion via pole- face windings, auxi l iary 
magnets, and posi t ion adjustments of 
magnets ; 

— accelerat ion or decelerat ion of stored 
protons ; 

— steer ing and moni tor ing of intersect ing 
beams. 

It is obvious that the operators of this 
complex need an electronic robot to help 
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A secondary emission monitor (SEM) developed 
for quantitative beam profile measurements in 
the ISR and the transfer channels. 15 horizontal 
and 15 vertical thin foils are connected to 
individual 100 pf capacitors, and signals, 
varying from 5 to 500 mA, are sequentially gated 
into a cable after passing through 'sample and 
hold' circuits. 

8. Site Work 

col lect, select, d isplay and evaluate the 
necessary informat ion for their tasks. 
Therefore, a major part of the ISR contro ls 
wi l l be based on a dig i ta l process com­
puter system. The computer 's main func­
t ions wi l l be : 

— accurate sett ing of magnet power 
suppl ies ; 

— gather ing, evaluat ion, d isplay and 
recording of data on c i rcu la t ing beams 
and various ISR components . 

The computer system must be capable 
of recording magnet currents and of 
adjust ing about 300 magnet power sup­
plies. About 100 of these are involved in 
the beam transfer system wh ich requires 
quick and rel iable changes in sett ings for 
di f ferent modes of operat ion (e.g. f i l l ing 
the ISR, or transfer of beams to the West 
Hall). The 200 power suppl ies used in the 
storage rings themselves need coord inated 
incremental adjustment dur ing accelerat ion 
or decelerat ion of s tacked protons. 

Typical examples for data co l lec t ion, 
evaluat ion and display via the computer 
are beam posi t ion moni tor ing by signals 
or ig inat ing from the 108 p ick-up stat ions 
in the storage r ings, and moni tor ing of 
the ul tra-high vacuum system by signals 
coming from the ionizat ion gauges. 

Obviously, in a contro l system of this 
type, the computer itself must be extre­
mely rel iable. The ISR computer system 
wi l l have the central processor and cr i t ica l 
per ipherals dup l ica ted to ensure the 
permanent avai labi l i ty of a min imum 
conf igurat ion for the vi tal funct ions. A 
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speci f icat ion for the computer was issued 
dur ing 1968 and it is expected that the 
order wi l l be p laced by the end of this 
year. 

A considerable amount of work is also 
going into component and c i rcui t s tandard­
ization, product ion of e lectronics, audio 
and video inter-communicat ion systems, 
and development of techniques for data 
co l lect ion and mult ip lex signal t rans­
mission. 

Finally, an instal lat ion service for the 
contro l cable system has recently been 
set up and detai led requirements are being 
worked out. Instal lat ion wi l l start wi th 
Octant 3 and its related equipment bui ld ing 
A3 and wi l l bui ld up to a peak in 1969 and 
1970. The instal lat ion labour required for 
the ISR control system is of the order of 
150 man-years. The length of cab l ing 
involved is est imated to be 1500 km. 

Basic modes of ISR Operat ion 
Restr icted Zones 

Basic modes of ISR Operat ion 
1 2, 3, 4 

1. Sett ing up an e jected beam from the PS, wi th the 
beam not enter ing the transfer channels No No 

2. Fi l l ing, re-f i l l ing or running the ISR wi th alternate 
supply of beams to the West Hall or the swi tchyard 
direct ly or f rom the ISR Yes Yes 

3. No beams in the t ransfer channels but c i rcu lat ing 
beams inside the storage rings 

Yes No (2, 3) 
Yes (4) 

4. No c i rcu lat ing ISR beams, but t ransmission of PS 
beams to the swi tchyard and the West Hall No Yes 

F. Bonaudi 
During the summer, some of the ISR staff 
occup ied their f irst bui ld ings on the 
ISR site. These inc luded the largest of 
them all — the huge (10 000 m 2) West 
exper imental Hall (numbered Hall El on the 
si te layout drawing). It is in this hall that 
all the components for the ISR wi l l be 
assembled and tested before f inal instal­
lat ion. The hall had pr ior i ty in the construc­
t ion programme so that it wou ld be ready to 
receive components, wh ich have already 
started to arr ive. As it is the largest expe­
r imental hall of its type in the wor ld , it is 
useful to recall its main character is t ics 
(see Table on page 281). Photographs of 
the exter ior and interior of the hall can be 
seen on pages 182 and 183. 

The construct ion effort on the rest of 
the pro ject has now reached its peak, nota­
bly on the machine housing and on the 
beam transfer tunnels. 

The c i rcu lar tunnel in wh ich the ISR 
rings wi l l be housed has a d iameter of 
about 300 m. It is much wider than is usual 
in the case of an accelerator, f i rst ly 
because it must contain two magnet r ings 
instead of one, and secondly because of 
the specia l geometry of the rings wh ich 
involves eight 'bulges' in the orbi ts. In the 
centre of each of these 'bulges' the orbi ts 
of the two rings are nearly 9 m distant f rom 
each other. Therefore the net inside d imen­
sions of the ring tunnel are 15 m w ide and 
6.5 m high. The machine has an e ight fo ld 
symmetry (which, in the days of unitary 
symmetry, seems most appropr iate for a 
par t ic le physics project) and in pr inc ip le it 
cou ld be made in eight ident ical sectors. 
However, there are many other require­
ments ( in ject ion and eject ion regions, pits 
under some intersect ion points to give 
more space for exper iments, exper imental 
halls etc.) such that there is l i t t le unifor­
mity around the r ing and the construct ion 
is qui te compl ica ted , each octant having its 
own specia l features. Two of the intersec­
t ion points are to be init ial ly equ ipped wi th 
exper imenta l halls. 14 wi l l have a hall 70 m 
by 25 m ; 11 a hall 50 m by 55 m wi th 
f lex ib le shie ld ing arrangements wh ich can 
be readi ly adapted to dif ferent exper imen­
tal requirements. 

Since the ISR is a new type of exper i ­
mental equipment, it is necessary to bui ld 
it in as f lexib le a way as possible so that 
changes, or even major modi f icat ions, can 
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be easily made if they are found necessary. 
For example, addi t ional exper imental hal ls 
cou ld be ca l led for, involving d ismant l ing 
part of the r ing bui ld ing itself. To make 
this possible, and to take advantage of 
modern préfabr icat ion methods, most of 
the r ing tunnel (nearly 75 %) has its main 
st ructure (walls and roof) assembled out of 
prefabr icated pieces of re inforced con ­
crete, each we igh ing 50 to 60 tons. 

Excavat ion of the r ing (carr ied out by a 
subcontractor , the f i rm Albanese of Italy) 
began in November 1966, and was c o m ­
pleted wi th in a year ; more than one mi l ­
l ion cubic metres of 'molasse' , rock and 
aluvial soi l were removed. Most of this was 
t ransported off the s i te but two temporary 
mountains have been left to be used for 
cover ing over the r ing tunnel , when it is 
comple ted , w i th a depth of about 4 m of 
earth sh ie ld ing. The main contractor (the 
f i rm Sogene of Italy) then set to work on 
the ring tunnel s t ructure in the autumn of 
1967 ; this consisted f irst of all in construc­
t ing the foundat ions and all the specia l 
e lements required before the préfabr icat ion 
cou ld start. 

The f irst prefabr icated pieces were man­
ufactured and assembled in March 1968. 
The préfabr icat ion 'shop' moves around 
the ring as the work progresses at a normal 
rate of 15 metres per week. It consists of 
the forms for cast ing the concrete pieces, 
a s team-cur ing plant and a huge gantry 
crane wh ich spans the tunnel s t ructure. 
The fresh concrete is pumped to the forms 
via a system of pipes reaching all a round 
the r ing. With in six months the préfabr ica­
t ion shop has gone round one half of the 
r ing and it is expected that by the autumn 
of 1969 the r ing tunnel wi l l be complete. 
One comple ted octant (Octant 3) is now 
being made ready for handing over to the 
rest of the pro ject before the end of the 
year ; it inc ludes the specia l magnet foun­
dat ions, in the form of re inforced concrete 
beams of 3 di f ferent lengths (6, 10 and 15 
m, the last two types being prestressed), 
the survey monuments, one pair of 30-ton 
cranes, l ight ing, etc. 

In this octant the instal lat ion of all the 
numerous ISR components (magnets, va­
cuum equipment, cables, p ip ing, contro ls 
etc.) wi l l start and it wi l l serve effect ively 
as a fu l l -scale model to test the assembly 
procedures. The remaining octants wi l l be 
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1. Préfabrication of the blocks of reinforced 
concrete, each weighing 50 to 60 tons, 
which are used to build up the ISR ring tunnel. 
A partly completed section of the tunnel can 
be seen in the background. The préfabrication 
'shop' moves round the ring as the construction 
progresses. 

2. Looking down into the ISR canyon at 
Octant N° 1 of the ring tunnel. 
Work is in progress on the next octant 
(to the right on the photograph) and the 
large gantry crane which spans the tunnel 
can be seen. 

3. Beam transfer tunnels. These, for the most 
part, are actually tunnelled through the ground 
rather than being excavated and then covered 
over. At this particular point, a magnet will 
switch beams coming from the PS either 
down the right tunnel (to enter Ring 1 or to 
go to the West Hall) or down the left tunnel 
(to enter Ring 2). 

4. A model of the block of buildings which will 
house the power supplies for the main 
magnets and the cooling water plant 
(the long low building in the foreground), 
the ISR control room (on the right), a workshop 
(at right angles), and the office and laboratory 
building (behind). 

5. An exterior view of the huge West experimental 
hall with the Jura mountains in the background. 
This photograph was taken when the finishing 
touches were being put to the building in 
August. The two low buildings to the left are 
the temporary offices for the staff carrying 
out testing and assembly work in the hall. 

6. An interior view of the West Hall. In the 
foreground is the area reserved for magnet 
assembly and testing. The hall will soon be 
filled with ISR components being made ready 
for the rings. At the far end of the hall can be 
seen one of the huge cranes which span the 
full width of the building. 
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Characteristics of Hall El 
Length . . . . 
Width 
Internal height . 
Floor area . . . . 
Enclosed volume 

* Cranes : one of 60 ton, one of 40 ton (Hook height 9.5 m) 

159.35 m 
63.70 m 
20.40 m 

10150 m 2 

about 20 000 m 3 

Type of construct ion : 
re inforced concrete understrucîure ; steel pi l lars and girders ; metal c ladd ing 

Foundations : 
longi tudinal wal ls are supported by 182 pi les of 0.8 m diameter, having an average 
length of 12 m ; f loor slab rests on a 3 m backf i l l of compacted gravel 

Service tunnels : 
8 transversal and one longi tudinal tunnels of cross-sect ions ranging f rom 2.5 x 
2.65 m 2 to 2.5 x 3 m 2 , for a total length of about 660 m 

Electr ic power avai lable : 
2050 kVA (1st stage) 

* Other services : 
compressed air, water (cool ing and f i re hydrants) 

* Heat ing system : 
radiat ing panels and air b lowers (each 50 % of the total capacity) 

(* Technical Services and Buildings Division was responsible for these installations.) 

handed over progressively dur ing 1969 and 
the instal lat ion of the machine is p lanned 
to proceed in step. 

About 80 % of the beam transfer tunnels 
have been made, most of them by tunnel ­
l ing through the rock ; the junc t ion to the 
PS was completed dur ing the recent long 
shut down and is now b locked by tempo­
rary shie ld ing, awai t ing the day when the 
beam eject ion and transfer equipment are 
instal led. 

Work is also in progress on the cons­
t ruct ion of the auxi l iary (equipment) bu i l ­
d ings around the main r ing bui ld ing and 
on several k i lometers of service tunnels 
interconnect ing them. Work on the b lock 
of bui ld ings compr is ing the Power and 
Cool ing Rooms, the ISR Control Room, 
workshop, and off ices is also under way 
or is about to start. 

Contractors and suppliers 
a) Civil Engineering 

1. Main contractor : 

2. Subcontractors : 
Excavation work 
Steel construct ion 
Cement suppl ier 
Reinforcing steel maker 
Reinforc ing steel suppl ier 
Cladding (walls and roof) 
Windows 
Skyl ights 
Motor ized doors 

3. Others : 
Paint ing 

b) Technica l Instal lat ions 

Cranes 
Heating 
Piping 
High vol tage cubic les ] 
and swi tchgear 
Low vol tage cubic les J 
Power t ransformers 
Light ing appl iances 
Electr ic instal lat ions 

Sogene (Italy) 

Albanese (Italy) 

Schweisswerk Bulach (Switzerland) 
Vicat (France) 
Von Roll (Switzerland) 
Noverraz L'Huil ier (Switzerland) 
Robertson Galbestos (Switzerland) 
Keller (Switzerland) 
Metal lzug (Switzerland) 
Bol ton Gate Co. (UK) 

Birk le & Thomer (Federal Republ ic of Germany) 

De Barto lomeis (Italy) 
Aster (Italy) 
Nordon, Fruhinsholz, Diebold (France) 

Panel-Gardy (Switzerland) 

Lepper (Federal Republ ic of Germany) 

Atlas (UK) 
Rhône-Electra (Switzerland) 
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E1 West experimental hall 
A1 to A8 Ancillary buildings 
P Main magnet power supplies 
C Water cooling plant 
MCR ISR main control room 
L Laboratory and office building 
W1 and W2 Workshops and assembly hall 
SY Switchyard 
SW Electricity sub-station 
TT1 to TT3 Beam transfer tunnels 
TP1 to TP8 Service tunnels 
TA Tunnel connecting ancillary 

buildings 
TS Calibration tunnel for 

alignment 

N 

P1 Bridge 
V1 to V8 Air conditioning rooms 
WT Water tower 
PST Pumping station and water 

reservoir 
CT Cooling towers 
B1 and B2 Temporary office 

accommodation 

Y Power supplies for beam 
transfer channels 

E2 Annexe to the West Hall 
BEBC European bubble chamber 

buildings 
RD Power supply building 
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9. Alignment 

J. Gervaise 
The 28 GeV proton synchrot ron, the trans­
fer tunnels and the intersect ing storage 
rings make up one of the two largest com­
plexes in the wor ld designed for sub-
nuclear physics research. To the surveyors 
of the ISR Metro logy Group it consists of 
more than four k i lometres of tunnels in 
wh ich some 1500 components have to be 
instal led wi th a relative accuracy of a tenth 
of a mi l l imetre. To achieve this, use is 
made of 'microgeodet ic ' or 'macrometro lo-
g ica l ' methods, most of wh ich have or ig i ­
nated at CERN itself s ince 1954 and have 
been cont inuously developed to incorpo­
rate the advances made in a technology 
which is sti l l evolv ing. 

Civil engineering work 

The l imited wid th of the site (a r ing 300 m 
in diameter has to be instal led in an area 
of land barely 400 m wide) and the amount 
of earth-moving involved have made 
the al ignment work di f f icul t . The depth of 
the excavat ions — up to 25 m in some 
places — has d is turbed the natural s tabi ­
lity of the ground. Movements due to the 
changes in mechanical balance on the site 
have been fur ther accentuated by distur­
bance of the hydro-geologica l balance. 
Pil lars sunk into the upper layers of the 
soil on the site, wh ich serve as reference 
points, moved sideways by as much as two 
cent imetres and vert ical ly by about a 
cent imetre. 

Geodet ic methods, involving repeated 
t r iangulat ion wi th a 600 m base to keep 
the t r iangulat ion to sca le (Figure 1) have 
maintained an accuracy of 1.5 mm in the 
reference points for the axis of the r ing 
and for the transfer tunnels (Figure 2). 

Design of measuring instruments 

While t r iangulat ion has prov ided an accu­
racy of 1.5 mm for the civi l engineer ing 
work, even higher prec is ion (of the order 
of a tenth of a mi l l imetre) is necessary 
in the instal lat ion of the ISR equipment 
such as magnets. This requires individual 
measurements made to wi th in a few tens 
of microns (a few ten thousandths of a 
mi l l imetre). Fortunately, improvements in 
the methods of measur ing distances have 
been made over the past ten years in res­
ponse to the increasing scale of construc­
t ion work and of 'scient i f ic equipment ' 
wh ich sti l l impose the same, or more 
severe, requirements for accuracy. 

The whole of ISR al ignment is based on 
distance measurements. The basic s tand­
ard is a 4 m Invar metal rule on a ca l i ­
brat ion bench wh ich wi l l be instal led in a 
new air condi t ioned tunnel . Using this 
bench it is possible to measure a length 
of 50 m accurate to wi th in 5 microns. The 
next step is to transfer the length thus 
ca l ibrated between the points to be meas­
ured, and, to th is end, the group 's mecha­
nical and e lectronic workshop has de­
signed some new instruments : 
— The 'Dist invar' (which was descr ibed in 

CERN COURIER vol . 7, page 251). This 
instrument is now ful ly automat ic and 
is connected di rect ly to a computer . It 
uses Invar wires and measures to an 
accuracy of 15 microns over 50 m. 

— The mekometer, des igned in coopera­
t ion wi th the National Physical Labora­
tory at Teddington. This e lectronic dis­
tance measur ing instrument, wh ich uses 
the modulat ion by a h igh- f requency 
f ie ld of the plane of polar izat ion of 
l ight, al lows distances f rom 50 to 600 m 

to be measured to wi th in 0.2 to 0.4 mm. 
— An al ignment instrument using a laser 

beam for s imul taneous measurements 
in the horizontal and vert ical planes. 
Its accuracy in air up to 40 m is f rom 
seven to eight hundredths of a mm. 

Metrology 

In the tunnel of the ISR itself, a double 
ring of pi l lars make up a c losed set of 
braced quadr i laterals (Figure 3) and the 
six lengths in each quadr i la tera l wi l l be 
measured wi th the 'Dist invar' . Wi th in each 
quadr i la tera l , magnets wi l l be instal led at 
posi t ions given by distance measurements 
taken f rom the relevant four pi l lars. 

The transfer tunnels (Figure 4) are the 
most del icate part of the ISR geometry. 
They involve the al ignment of a beam 
channel consist ing of long straight sect ions 
fo l lowed by curves in wh ich the inc l inat ion 
changes ; the a l ignment is therefore to be 
made in three-dimensions s imultaneously. 
The guid ing f ramework wi l l be provided by 
pi l lars set up at regular intervals along 
the beams. 

The el iminat ion of angular measure­
ments, wh ich are always t roub lesome and 
t ime-consuming, and the great f lexib i l i ty 
af forded by the distance measurements wi l l 
go a long way towards reducing the t ime 
needed to al ign the ISR components . This 
saving o ' t ime wi l l also apply when expe­
riments are being set up around the inter­
sect ion regions. There is the possibi l i ty of 
sett lement of the ground in these regions 
when exper imental equipment is instal led, 
and t ime may be required to real ign some 
of the ring components dur ing the instal­
lat ion of the exper iment. 
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ISR Experiments 
A preliminary look at the types of experiment 
which could be mounted at the ISR when they 
come into operation in 1971. 

The t ime is fast approach ing when the 
thoughts about possible exper iments at the 
ISR have to take def in i te shape so that 
exper iments wi l l be ready for the date 
when co l l id ing beams become avai lable. 
Two years may seem ample t ime to pre­
pare an exper iment but exper imentat ion 
at the ISR is l ikely to take much longer in 
preparat ion than at a convent ional acce­
lerator. The exper imental set-up wi l l in­
volve an integral part of the ISR and wi l l 
not be something fed from afar wi th par t i ­
cles. Problems such as ensur ing that the 
magnets used in the exper iment do not 
disturb the del icate stabi l i ty of the c i rcu ­
lat ing beams, ensur ing that the vacuum 
vessel in the interact ion region is appro­
pr iate for the experiment, and so on, may 
wel l involve the instal lat ion of unique com­
ponents wh ich cannot be const ructed over­
night. 

Since the beginning of this year a wor­
king party of exper imental physicists and 
machine bui lders have met regular ly to 
tack le some of these problems in detai l . In 
June, par t ic ipat ion in these discussions 
was extended to all interested European 
groups when an ISR Users Meet ing was 
held at CERN. More than a hundred poten­
tial users took part and the interest that 
was generated has led to several European 
col laborat ions becoming busy developing 
proposals for exper iments. A second Users 
Meet ing is scheduled for 2, 3 December. 

Experimental equipment 

It is probable that in at least one of the 
two interact ion regions, where exper iments 
are init ial ly p lanned to take place, a large 
general purpose magnet system wi l l be 
instal led. It wou ld serve to analyse the 
high energy part ic les produced in the 
proton-proton col l is ions and its design 
wou ld need to cover a rather narrow cone 
around the two downstream vacuum pipes. 
In this cone most of the high energy part i ­
cles wi l l emerge. 

Several designs for such a magnet sys­
tem are now under examinat ion. Their 
main feature is that they must bend out the 
col l is ion part ic les wi thout, overal l , distur­
bing the c i rcu lat ing beam. The system of 
magnet ic f ie lds must compensate for any 
effect on the beams. 

Other devices wi l l be needed to take 
measurements on the beam so that the 
exper imenters know what sort of init ial 
condi t ions have produced the part ic les 
they observe. Thus, for example, to make 
cross-sect ion measurements informat ion on 
the beam currents, the beam shapes and 
the volume wi th in wh ich the beams are in­
teract ing when they pass through one ano­
ther is essential . 

Methods of f ind ing the beam shapes in 
the interact ion regions such as by swee­
ping a th in wi re at constant veloci ty across 
the beam have been proposed. A set of 
counter te lescopes cou ld be used to detect 
the forward emit ted part ic les from co l l i ­
s ions wi th the wire. 

Some possible experiments 

The range of energy beyond that avai lable 
at present machines is often cal led the 
'asymptot ic region' s ince the energy 
extends to infinity. It is expected that par­
t ic le phenomena wi l l become much s im­
pler at much higher energies and thus 
more easily understood. By ref lect ing back­
wards to present energies it is possib le 
that much of the st i l l confused behaviour 
that is now observed wi l l become clearer. 

The ISR is going to give a l imited look 
into a very high energy region. Several 
'expectat ions ' can be put forward but 
most of the fascinat ion in using the ISR 
lies in the fact that no-one knows what 
phenomena wi l l be revealed — Nature has 
always proved r icher than man's imagina­
t ion. 

Exper iments at the energies avai lable on 
exist ing accelerators have given evidence 
of two dominent mechanisms in par t ic le 
interact ions — part icular ly in the two-body 
or quasi two-body interact ions (those invol­
v ing two inc ident part ic les and two out­
go ing part ic les). These mechanisms are 
known as di f f ract ive processes and ex­
change processes. With the di f f ract ive 
process the outgoing part ic les have the 
same internal quantum numbers as the 
incident part ic les ; wi th the exchange pro­
cess the outgoing part ic les have dif ferent 
internal quantum numbers — and hence 
the name 'exchange' s ince someth ing car­
rying quantum numbers must have passed 
between the incident part ic les in the inter­
act ion. 

A str ik ing d i f ference in the behaviour of 
the two processes is seen in the l imi ted 
energy range invest igated so far, namely 
that they vary wi th energy in a very dif fer­
ent way. If no quantum numbers are ex­
changed, the cross-sect ion for the inter­
act ion varies l i t t le as the energy is increa­
sed but if quantum numbers are exchanged 
the cross-sect ion fal ls off very rapidly as 
the energy is increased. (Also, there ap­
pears to be hierarchy in the quantum num­
bers — the rate of fal l off depends upon 
what is exchanged.) To take a speci f ic 
example — the cross-sect ion of the two 
body process involving the N* resonance of 
mass 1238, wh ich has a di f ferent isospin 
quantum number 

p + p - > n + N * + + (1238) 
wi l l be down by a factor of a thousand at 
ful l ISR energy, if it cont inues to fal l at 
the rate observed so far. 

Since the abi l i ty to t race phenomena 
over a very big energy range is one of the 
prominent exper imental features of the ISR, 
it wi l l be possible to extend the study of 
these di f ferences in considerable detai l . 

One of the f irst exper iments to be done 
wi l l be the measurement of the pro ton-
proton elast ic scat ter ing. 

p + p - > p + p 

It is expected that, even at the very high 
energies avai lable, the elast ic scat ter ing 
cross-sect ion wi l l be a s igni f icant f ract ion 
of the total cross-sect ion — that protons 
wi l l cont inue to bounce off one another 
very often rather than t ransforming into 
other part ic les. One of the f irst th ings the 
exper iment wi l l reveal is whether this ex­
pectat ion is true. 

The way in wh ich they 'bounce o f f says 
something about the size and the st ructure 
of the part ic les. Does the proton effect ive­
ly grow in size in higher energy interac­
t ions ? What is the proton structure — 
does it have an i r reducib le, hard core wi th 
a dif fuse sphere of inf luence around it ? 
What is the mechanism of the scat ter ing 
process ? Measurements of the angular 
d ist r ibut ion of the scat tered part ic les and 
the way this d ist r ibut ion varies wi th energy, 
together wi th some theoret ical ideas, wi l l 
g ive answers to this type of quest ion. 

At energies so far invest igated in the 
GeV range, the elast ic scat ter ing is largely 
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'd i f f ract ion scat ter ing ' where the d is t r ibu­
t ion of the scat tered protons is strongly 
inf luenced by the many possib le ' inelast ic ' 
processes (where other par t ic les are for­
med) wh ich can occur . The angular d ist r i ­
but ion is strongly peaked in the forward 
d i rect ion, in other words, the scat tered 
protons move predominent ly in the direc­
t ion of the incident part ic les. This di f f rac­
t ion peak has been shown to shr ink (its 
w id th decreasing) wi th increasing energy. 
It is the detai led shape of this d i f f ract ion 
peak and its var iat ion wi th energy wh ich 
wi l l be of interest at the new energies made 
avai lable at the ISR. 

To point to a few of the exper imental 
compl icat ions. A specia l vacuum chamber 
wi th thin wal ls wi l l be needed where the 
scat tered protons emerge to avoid losing 
precis ion in the measurement of their true 
scatter ing angle due to the scat ter ing 
introduced in the wal ls. Care wi l l be need­
ed to ensure that the measured protons 
come from a true beam-beam interact ion 
and not f rom a col l is ion wi th a proton in 
the residual gas in the vacuum vessel. (The 
fact that the two scat tered protons would 
lie almost along the same line t ravel l ing 
in opposi te d i rect ion wi l l help to d is t in­
guish them correct ly.) Also the momentum 
measurements on the scat tered protons 
must ensure that no other part ic les have 
been produced in the col l is ion (the event 
wou ld then not be an elast ic scat ter ing 
event). Wire spark chamber and counter 
arrays could be used to detect and mea­
sure the t ra jector ies of the protons. 

A further development, wh ich cou ld take 
place if it proves possib le to accelerate 
deuterons in the PS and store them in the 
ISR, would be to invest igate the proton-
neutron interact ion. It should be possible 
to extract the proton-neutron scat ter ing 
occur r ing in the deuteron, assuming that 
the proton-proton scat ter ing is known. 

Total cross-sect ion measurements, by 
observing the loss of part ic les f rom the 
interact ion region, is another important 
exper iment tak ing in both elast ic and ine­
lastic scat ter ing. The way in wh ich the 
total cross-sect ion of the proton-proton 
and the proton-neutron interact ion varies 
wi th energy is of fundamenta l impor tance 
to check ideas about the asymptot ic nature 

of strong interact ions. The expectat ion is 
that at suff iciently high energies the cross-
sect ion wi l l no longer vary wi th energy and 
wi l l become equal for both interact ions. 

One of the first exper iments wi l l be a 
survey type exper iment wh ich adds up the 
energy of two outgoing protons to see 
what they have lost in the interact ion. It 
may emerge that part icular amounts of 
energy are frequently ' lost ' indicat ing that 
part ic les, equivalent in mass to these lost 
energies, are being produced. 

The product ion of other part ic les when 
two high energy protons col l ide is an ob­
vious source of interest. It is another way 
to look at the structure of the proton. 

When two protons col l ide they may shake 
each other so violent ly that other par t i ­
cles are shaken off f rom them. If the pro­
ton is considered as a c loud in which there 
is some sort of structure, the product ion of 
new part ic les can be considered as the 
tear ing away of part of the c loud. The most 
prol i f ical ly produced part ic le is the pion, 
wh ich is a l ight part ic le easily knocked 
off f rom the proton — energies of around 
140 MeV are suff icient. They can be cons i ­
dered as the const i tuents of the outer rim 
of the c loud. At higher energies, kaons 
and hyperons, or, at higher energies st i l l , 
pairs of nucléons can be produced as if 
coming from deeper in the proton struc­
ture. 

As energies at convent ional accelerators 
have been pushed higher, the predominant 
observat ion in part ic le product ion has been 
that, as the proton is shaken more and 
more violent ly more and more pions are 
produced. (The predominant observat ion 
might have been that, instead of more and 
more pions, fewer heavier part ic les were 
produced) . The co l l id ing protons fly off 
wi th their c louds exci ted to high energy 
(these exci ted states are cal led isobars) 
and return to their normal state by emit­
t ing pions. In such a col l is ion very l i t t le 
of the avai lable energy goes into the pro­
duct ion of new part ic les. The 'normal state' 
protons wh ich result sti l l keep say 6 0 % of 
the init ial co l l id ing proton energies. Occa­
sional ly, however, the protons share the 
ful l energy of the col l is ion forming for an 

instant someth ing like a hot droplet f rom 
wh ich heavy part ic les can boil off. 

To examine these phenomena at ISR 
energies wi l l be very intr iguing. Again the 
exper imenta l demands wi l l be qui te s t r in­
gent and detect ion arrays wi l l have to cope 
wi th the product ion of many part ic les per 
co l l is ion. 

Two searches for heavy mass part ic les 
of vi tal interest in sub-nuclear physics 
become much more interesting wi th the 
energies avai lable at the ISR. 

The f irst of these is the quark, the par­
t ic le postulated to explain the observed 
patterns in the list of strongly interact ing 
part ic les. The exper imental searches so far 
indicate that if the quark exists it has a 
mass probably in excess of 2.5 GeV. But 
the high energy of the ISR may be ample 
for product ion of the quark. 

The second elusive part ic le is the inter­
mediate vector boson, the postulated me­
diator of the weak interact ion (just as the 
pion is the mediator of the strong interac­
t ion and the proton of the e lect romagnet ic 
interaction.) Experiments at convent ional 
accelerators have fai led to reveal the W 
and suggest that if the part ic le exists its 
mass is in excess of 2 GeV. Here again the 
high energies avai lable at the ISR could 
be ample to produce the intermediate 
boson. 

These are some general thoughts about 
the exper imental programme at the ISR. 
The deta i led work on prepar ing proposals 
for speci f ic exper iments is now under way. 
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Colliding beam projects elsewhere 
Reports on the status of colliding beam projects 
in operation, under construction, or planned, at 
other Laboratories. 

Novosibirsk 
The most adventurous of all the co l l id ing 
beam projects is that under const ruct ion at 
Novosibirsk, USSR, under the leadership 
of Professor G. Budker. The aim is to 
achieve 25 GeV proton-ant iproton col l is ­
ions. 

The Laboratory has already built and 
operated an e lect ron-e lectron machine 
(VEP I, 160 MeV) and an e lect ron-posi t ron 
machine (VEP 2, 700 MeV) wh ich have 
contr ibuted to some important exper imental 
results in sub-nuclear physics. VEP 2 is 
temporar i ly shut down for improvements. 

An element of the proton-ant iproton ma­
chine was a smaller, separate ring bui l t 
inside the main ring to be used for ant i -
proton storage where e lectron coo l ing 
wou ld damp the osci l la t ions in the ant i -
proton beam (see CERN COURIER vol . 7, 
page 88). This smal ler r ing was also de­
s igned to operate wi th e lect ron-posi t ron 
beams wi th energies of 3.5 GeV. It has 
become known as VEP 3. 

it is now probable that this ring wi l l be 
given exclusively to e lectron exper iments. 
Closer examinat ion of the e lect ron coo l ing 
problems indicated that radiat ion levels 
wou ld be uncomfor tably high and that the 
cool ing t ime wou ld be too long. To bui ld 
up the shie ld ing wou ld have meant aban­
doning the use of the ring for e lect ron-
posi t ron co l l id ing beams. Al l the magnets 
for this r ing are complete and are ready 
to be instal led. A 500 MeV in jector syn­
chrot ron is being instal led. The ring wi l l 
probably be used f irst for tests on e lectron 
cool ing using 200 MeV protons and 100 
keV electrons. 

A further small r ing may now be added 
outs ide the main r ing. It wi l l have four 7.5 
m straights wi th four 3 m radius magnet 
sect ions (a square wi th the corners round­
ed). One straight wi l l be used for in ject ion 
and eject ion and the other three for elec­
t ron cool ing. This wi l l reduce the coo l ing 
t ime to 100 s. 

The operat ing sequence is — 

1. Accelerate 10 1 3 protons to 1.8 GeV in an 
in jector synchrot ron. 

2. Transfer to main ring ; repeat ten t imes 
t rapping 10 1 4 protons (the ca lcu lated 
space-charge l imit is about 3 x 10 1 3 

but it is hoped that this can be exceed­
ed) ; accelerate to 25 GeV (over 20 s). 

3. Eject into target to produce ant ipro­
tons (it is est imated that the conver­
sion and capture ef f ic iency wi l l y ie ld 
10 8 ant iprotons at 1 GeV). 

4. Feed ant iprotons into the small r ing 
and e lect ron cool them for 100 s ; re­
inject into main r ing. 

5. Inject 10 1 4 protons, as above, into main 
ring ; accelerate both beams travel l ing 
in opposi te d i rect ions to 25 GeV. 

This wou ld give co l l id ing beams of 1 0 1 4 

protons against 10 8 ant iprotons, and a 
luminosity of 1 0 2 8 / c m 2 s. If the ant iproton 
capture ef f ic iency is down a factor of ten 
and if the ca lcu la ted space charge l imit 
proves correct , the luminosity wou ld be 
down to about 3 x 1 0 2 6 / c m 2 s. The total 
f i l l ing t ime is 200 s and the beams wi l l 
have a l i fet ime of about 20 min. 

Some thought is sti l l being given to the 
construct ion of an ironless synchrot ron of 
10 m radius and 120 kG f ie ld to give 25 
GeV protons. If intense beam of protons 
cou ld be accelerated in this way and t rans­
ferred to the main r ing, it wou ld avoid any 
t rouble wi th the space-charge limit. But its 
main purpose wou ld be to serve as a more 
eff ic ient source of ant iprotons. 

Construct ion of the main r ing is sche­
duled to be comple ted in 1970 and it is 
est imated that, if all goes wel l , exper iments 
cou ld start mid-1971 (the same t ime as 
wi th the ISR). It is known as VAP 4 (A for 
ant iproton) and cou ld eventual ly be used 
for — 25 GeV proton-ant iproton ; 6 GeV 
electron-posi t ron, 6 GeV proton-electron 
or 6 GeV ant iproton-posi t ron col l is ions. 

Stanford 
For several years now, a pro ject for a 3 
GeV electron-posi t ron storage ring has 
been on the table at the Stanford Linear 
Accelerator Centre, USA. 

The proposal is to use electron and pos i ­
t ron beams, generated in the 20 GeV elec­
tron l inear accelerator wh ich came into 
operat ion in 1966. The beams, wi th ener­
gies up to 3 GeV wou ld be fed into a s ingle 
r ing, 65 m in diameter, and built up in 
intensity to 1 A c i rcu lat ing in each di rec­
t ion. The beams wou ld be separated ver t i ­
cal ly by electrostat ic f ields set up by elec­

trodes inside the vacuum chamber. The 
f ie lds would be arranged so that the beams 
intersect at one or two posi t ions in the 
r ing. 

With 1 A c i rcu lat ing in each beam the 
ant ic ipated luminosity is 1.3 x 1 0 3 2 / c m 2 s 
at 3 GeV. The luminosity increases for 
lower energy beams of h igher intensity. 

A 3 GeV electron c i rcu lat ing in such a 
ring loses energy by synchrot ron radiat ion 
at the rate of 563 keV per turn. To c o m ­
pensate this loss for two 1 A beams requi ­
res 1.13 MW of power and six r.f. cavit ies 
are planned wi th a total power of 1.3 MW. 

With the avai lable posi t ron intensit ies 
f rom the l inear accelerator, the posi t ron 
f i l l ing t ime to bui ld up a c i rcu lat ing current 
of 1 A is about 1 s. A total f i l l ing t ime for 
the electrons and posi t rons of the order 
of 2 s wou ld therefore be needed and the 
operat ion of the storage ring wou ld inter­
fere very l i t t le wi th the normal operat ion 
of the l inear accelerator. Beam l i fet imes 
in the storage ring wou ld be over two hours 
wi th a pressure, in an a lumin ium vacuum 
vessel, of around 10~9 torr. 

The storage ring wou ld be bui l t so that 
the beam energies cou ld be increased to 
4.5 GeV at a later date if it proved desir­
able. This wou ld involve l i tt le modi f icat ion 
to the magnets, more magnet power and 
more r.f. power. 

The proposed cost of the project , inc lud­
ing a large detector and cont ingency, is 
$ 19 mi l l ion and the construct ion pro­
gramme covers 3 V2 years. It is hoped that 
the project wi l l be author ized in the next 
f iscal year (beginning 1 Apr i l 1969). 

Frascati 
The 1.5 GeV electron-posi t ron storage ring 
ADONE at the Frascati Laboratory in Italy, 
was descr ibed in CERN COURIER vol . 8, 
page 12. Operat ion has not begun as 
smoothly as had been hoped and the 
exper imental p rogramme has been delayed. 
A thorough invest igat ion of beam behaviour 
in the r ing has been inst igated, and 
tests are now under way using s ingle 
beams of e lectrons or posi trons. 

With e lect ron beams, currents of up to 
200 mA can be obta ined wi thout any 
di f f icul ty in one bunch in the presence of 
ions, using the focusing effects of the ions. 
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A schematic representation of the proposed 
double storage rings at DESY and their 
relationship to the existing synchrotron and 
to a new injector which is under construction. 
The beam paths which are indicated show 
how the rings can be filled using preliminary 
acceleration in the synchrotron or using 
the injector only. 

Phase instabi l i t ies (the relative mot ion in 
phase of the bunches) have been cured in 
a clever way by spl i t t ing the synchrot ron 
osci l la t ion f requencies of the indiv idual 
bunches by a few percent . 

With posi tron beams, currents of up to 
25 mA (5 x 10 1 0 posi t rons in the ring) have 
been stored using an in ject ion rate, wh ich 
is not yet opt imized, of 10 mA/minute (1.5 
pulses/s). Transverse instabi l i t ies appear 
for posi tron beams at a very low intensity 
threshold. The threshold does not depend 
on the total charge stored but on the 
charge per bunch. This, together wi th other 
observat ions, indicates that the instabi l i ty 
is due to short durat ion forces act ing 
wi th in each bunch. It is being invest igated 
further. 

The vacuum system has not yet been ba­
ked and the base pressure is usual ly around 
10~9 torr. When beams are in jected, there 
is qui te a high rise in the pressure. Expe­
r imental groups have carr ied out back­
ground measurements and it appears that 
the background should not be t roublesome 
wi th pressures in the range of 10~9 torr. 

DESY 
The electron synchrot ron Laboratory at 
DESY, Hamburg, in the Federal Republ ic 
of Germany has a pro ject for 3 GeV elec­
t ron-posi t ron co l l id ing beams. 

The proposal is for two separate rings 
stacked one on top of the other (a simi lar 
arrangement to the four s tacked rings of 
the CERN proton synchrot ron booster). 
One ring would receive electrons and the 
other ring posi trons, orb i t ing in oppo­
site di rect ions. The beams wou ld be 
brought into col l is ion in two interact ion 
regions located at the centre of two 60 m 
long straight sect ions. These straight sec­
t ions wi l l also contain the r.f. cavit ies to 
restore the energy lost by synchrot ron 
radiat ion (twelve cavi t ies per beam provi ­
ding a total power of up to 1.3 MW). The 
vacuum system wi l l be bakeable to achieve 
an operat ing pressure of 10~9 torr. 

The conf igurat ion of the storage rings 
in relation to the 7 GeV electron synchro­
tron and the in jector is shown in the dia­
gram. Beams could be taken to the rings 
after prel iminary accelerat ion in the syn­
chrotron or d i rect ly f rom the new in jector 
which is now under const ruct ion and 

wi l l be operat ional in about two years. 
For the product ion of posi t rons, a posi t ron 
converter wi l l be used l ike the one in use 
for ADONE. 

With the instal led r.f. power the stored 
currents could be taken to 1 A in each 
beam at 3 GeV, or 10 A in each beam at 
1.5 GeV. The calculated luminosity is of 
the order of 1 0 3 3 / c m 2 s at 3 GeV. 

Using the synchrotron to accelerate the 
beams pr ior to transfer into the storage 
rings, electrons could be t ransferred at 
energies up to 2 GeV and a current of 
25 mA, involving a f i l l ing t ime of 3 s for 
1 A stored beam. Positrons at the same 
energy and a current of 1 mA would need 
almost 1.5 min f i l l ing t ime. Thus the f i l l ing 
of the storage rings wou ld interrupt the 
normal operat ion of the synchrot ron for 
a few minutes. The l i fet ime of the beams 
in the storage rings wou ld be about 7 
hours. 

If the l inac is used to in ject d i rect ly into 
the storage rings, normal operat ion of the 
synchrotron would not be interrupted. How­
ever, the beams would be of low energy 
(perhaps eventual ly up to 500 MeV) and 

the f i l l ing t ime for posi trons cou ld be about 
forty minutes. The dif ferent beam paths 
involved can be worked out f rom the dia­
gram. 

It is expected that author izat ion for the 
const ruct ion of the storage rings wi l l be 
for thcoming at the beginning of 1969. Col ­
l id ing beam exper iments cou ld then begin 
in 1974. The total cost of the pro ject is 
est imated at 70 mi l l ion DM. 

Cambridge 
The construct ion of 'Project Bypass' to give 
e lect ron-posi t ron col l id ing beams at ener­
gies of up to 3.5 GeV is wel l advanced at 
the Cambr idge Electron Accelerator Labo­
ratory in the USA. 

The project uses the exist ing 6 GeV 
electron synchrot ron both to accelerate the 
two beams and as the storage ring when 
co l l id ing beam exper iments are under way. 
A special loop about 40 m long has been 
added through wh ich part ic les can travel 
bypassing part of the synchrot ron ring 
(see photographs). When the electrons and 
posi t rons have been accelerated to the 
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The photograph shows the west half of the 
CEA bypass (on the right) which joins the 
synchrotron close to where the technician is 
standing. On the extreme left is a beamline 
for ejected electrons (not related to the bypass). 

Below is a schematic representation of the 
bypass. Behind can be seen the normal particle 
trajectories in the synchrotron ; in front is the 
configuration of magnets in the bypass. 

(Photographs CEA) 

ELECTRON O W I T Mi BY-PASS— 

SEXTUPOLES 

required energy fo l lowing their normal 
c i rcu lar paths in the synchrot ron, the ma­
gnet ic f ie ld in the r ing is held steady so 
that the part ic les are stored, orb i t ing at a 
f ixed energy. Special magnets are then 
swi tched (r ise-t imes of about 100 ns) so 
that the beams travel on each orbi t through 
the bypass where the col l is ions take place. 

The operat ing sequence is as fo l lows : 
Positrons are in jected into the synchrot ron 
at an energy of 120 MeV using mul t i -cyc le 
s ingle turn in ject ion. For each in jected 
pulse the synchrot ron goes through part of 
its normal accelerat ing cyc le (up to 2.75 
GeV) coming back to the in ject ion energy. 
This process damps the part ic le osci l la t ion 
ampl i tudes and makes room for in ject ion 
of the next pulse. The total f i l l ing t ime to 
bui l t up the required posi t ron beam inten­
sity (peak current 0.1 A) is about 16 s. 
When suff ic ient posi t rons are c i rcu la t ing, 
the magnet cyc le comes back to the f ie ld 
level appropr ia te for the in ject ion of an 
electron beam at 245 MeV (about tw ice that 
used for posi t ron inject ion) to be bui l t up 
to the same intensity (0.1 A) in less than 

1 s, t ravel l ing in the opposi te d i rect ion. 
Vert ical e lectrostat ic f ields keep the beams 
apart. The two beams are then accelerated 
together to the required col l is ion energy 
wh ich can be chosen wi th in the range 0.5 
to 3.5 GeV. (The upper l imit is set by the 
instal led r.f. power wh ich is needed to 
compensate for the synchrot ron radiat ion 
f rom the beams and the l imit cou ld even­
tual ly be increased.) At 3 GeV the beam 
l i fet ime wi l l be at least 1 hour. 

When the beams have reached the requi­
red energy they are swi tched into the 
bypass where they col l ide head-on. The 
conf igurat ion of magnets for the bypass 
squeezes the beams (by a factor of about 
140 in area) so that in the interact ion 
region the luminosity wi l l be high — 2 x 
1 0 3 1 / c m 2 s. The bypass has a clear region 
just over 2 m long for the instal lat ion of 
detectors. 

Work on the project has gone to sche­
dule so far wi thout meet ing major d i f f icu l ­
t ies. A specia l damping-magnet system to 
damp part ic le osci l lat ions dur ing the beam 
storage t ime has been instal led in the 

synchrot ron and it has proved possible to 
store 3.5 GeV electron beams for 6.5 mi ­
nutes when the average gas pressure was 
4 x 10~7 torr. A major improvement of the 
vacuum system, inc luding the instal lat ion 
of ceramic vacuum chambers, is almost 
comple te and wi l l greatly improve the 
beam l i fet ime by tak ing the pressure down 
to around 10~9 torr. Such pressures have 
already been achieved in completed 
regions of the vacuum system. With in the 
bypass where the interact ions take 
p lace sti l l better vacuum wi l l be achieved. 

Mul t i -cyc le in ject ion has been success­
ful ly tested. Instal lat ion of the bypass itself 
is complete and the f irst tests tak ing 
beams through the bypass have started. 
The posi t ron in jector is scheduled to be 
instal led early in 1969, and by mid-year it 
is hoped that all the components of the 
pro ject wi l l be ready for operat ion. Col l i ­
d ing beam exper iments would then begin 
at the end of 1969. 

News has just arr ived that, dur ing the night 
of 10 November, e lectrons were success-
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ful ly orb i ted through the bypass for 700 
turns, wh ich in fact ind icated that an un­
l imited number of turns cou ld be achieved. 

The test was carr ied out whi le the mag­
net was being cyc led in its normal manner 
(as ment ioned above, co l l id ing beam ope­
ration wi l l be done wi th the magnet powe­
red d.c). This meant that appropr ia te con­
dit ions lasted for 0.5 ms whi le the f ie ld 
was effect ively constant at the top of the 
magnet cycle. 0.5 ms cor responds to about 
700 turns. The beam was swi tched through 
the bypass and was retained travel l ing 
through the bypass for 700 turns, indicat ing 
that when d.c. is appl ied an unl imi ted num­
ber of turns (subject to the usual l imita­
tions from gas scat ter ing etc.) wi l l be pos­
sible. 

Jubi lat ion reigns at Cambr idge. 

Orsay 
A col l id ing beam pro ject wh ich is in oper­
ation and y ie ld ing s igni f icant exper imen­
tal results is ACO (Anneau de Col l is ion 
d'Orsay) an e lect ron-posi t ron r ing, of ma­
x imum energy 550 MeV per beam, at the 
Orsay Laboratory in France. The report 
from ACO concentrates therefore on the 
exper imental programme. 

Early in 1968, an extensive study of the 
three vector mesons — rho (QO), omega 
(coo), and phi (cpo) — began at ACO. The 
main interest lies in studying the leptonic 
decay of the mesons for wh ich a number 
of theoret ical predic t ions exist. The first 
exper iment was reported last year (see 
CERN COURIER vol . 7, page 203) on the 
measurement of the rho branching ratio 
into an e lectron-posi t ron pair. 

In the exper iments, the energy of each 
beam was in the range 320 to 520 MeV 
and the fo l lowing events were selected : 
— on the Q O : 800 JT +JT pairs and 1600 

e + e~ large angle pairs ; 
— on the coo : 230 K+K~K° events, 1600 

?t+jt" pairs, and 2100 e + e- ; 
— on the cpo : 150 K ° K ° events, 50 j t + j t"jt° 

events, 1200 e +e~ pairs, and about 
40 jt+jc~ pairs. 

This data has already y ie lded several 
exci t ing results wh ich were reported at 
the Vienna Conference (CERN COURIER 
vol . 8, page 245), inc lud ing : 
— part ial widths for the decay of the 

vector mesons into e + e~ pairs ; 

—• the mixing angle of the coo and cpo ; 
— the width of the Q O (112 ± 12 MeV) 

wh ich came out substant ial ly higher 
than the value reported last year by the 
Novosibirsk group. 

The data on pion pairs wh ich were 
obtained dur ing the omega exper iment is 
now being evaluated to look for vacuum 
polar izat ion or other possible effects. An 
improvement in the rel iabi l i ty of zero 
degree double Bremsstrahlung moni tor ing 
makes it possible to use the Bhabha elec­
t ron-posi t ron pairs at large angle around 
510 MeV to put a l imit on quantum elec­
t rodynamics. Other studies are going on ; 
in part icular, the search for a possible 
progressive polar izat ion of the beam due 
to synchrotron l ight emission (by looking 
for pairs of part ic les scat tered wi th in the 
same bunch). 

Physics wi l l cont inue along these lines 
dur ing next year wi th a study of the phi 
decay into a posit ive and negative kaon. 
A th i rd generat ion of spark chamber and 
counter equipment having a larger sol id 
angle for detect ion than the exist ing one 
wi l l make other exper iments wi th low 
count ing rates possible, such as the elec­
t ron-posi t ron annihi lat ion into two gam­
mas, the eta-gamma decay of the phi , as 
wel l as more accurate exper iments on the 
three pion decays of the omega and phi . 

An extensive programme of beam studies 
has been under way at the same t ime. 
Luminosi t ies up to 2.2 1 0 2 8 / c m 2 s have been 
obtained at 510 MeV. Dur ing the physics 
exper iments, one bunch in each beam was 
f i l led, wh ich suppressed phase osci l lat ions 
completely, at least in the range of cur­
rents necessary to achieve the luminosit ies 
stated above. Beam l i fet imes range from 
10 to 20 hours between 320 and 520 MeV 
and are mainly l imited by the interact ion 
of part ic les with gases desorbed f rom the 
wal ls of the vacuum chamber by the syn­
chrotron radiat ion. 

A thorough study of s ingle bunch trans­
verse instabi l i ty over the ful l energy range 
of the machine revealed a s imple depen­
dence of the threshold : I ^ EL A v , where 
E is the beam energy, L the bunch length 
and A v the betatron f requency spread of 
the part ic les. The A v dependence was 
direct ly conf i rmed by cancel l ing the ma­
chine non-l ineari t ies using an addi t ional 
octupolar f ield wh ich drast ical ly lowered 

the threshold of the instabil i ty. It is hoped 
that when the vacuum chamber is next 
opened, wh ich should occur soon, it wi l l 
shed some l ight on problems in connexion 
wi th the interact ion of the bunch wi th the 
vacuum chamber, the electrodes and the 
r.f. cavity. Efforts to increase the lumino­
sity are cont inu ing in various ways, such 
as incoherent increase of the beam trans­
verse cross-sect ion, and invest igat ion of 
the opt imum work ing point. 

The progressive improvement of the 
ring per formance as wel l as the success 
of the f irst physics exper iments has lead 
to the considerat ion of a bigger r ing for 
higher energy and luminosity. The possi ­
bi l i ty is being thoroughly invest igated f rom 
the point of v iew of the physics to be done, 
keeping in mind those machine problems 
of exist ing storage rings which have not 
yet been solved. 

Batavia 
The USA 200 GeV accelerator Laboratory 
organized a Storage Ring Summer Study 
to invest igate the design of storage rings 
wh ich might eventual ly be bui l t at the 200 
GeV machine. Discussions had been held 
wi th exper imental is ts at Aspen concern ing 
exper iments using the storage rings and 
the ou tcome of these discussions had a 
major inf luence on the designs wh ich were 
s tud ied. 

The bypass concept was abandoned 
because of the vacuum problem. In the 
main accelerator the pressure wi l l be about 
10~7 torr, wh ich is good for an accelerator 
but poor for storage rings. Beam l i fet imes 
would be short, severe radiat ion problems 
would be in t roduced in the main ring and, 
also, the accelerator would be inoperable 
for normal exper iments dur ing the t ime it 
was used for co l l id ing beam exper iments. 

The design therefore concentra ted on 
two concent r ic 100 GeV rings wi th six 
straight sect ions. Two of these wou ld be 
used for in ject ion into the rings, the remain­
ing four being avai lable for co l l id ing beam 
exper iments. Various magnet latt ices were 
invest igated, together wi th three dif ferent 
possibi l i t ies for the magnets — convent io­
nal magnets, cryogenic a luminium coi l 
magnets (see CERN COURIER vol . 8, page 
185), and superconduct ing magnets. 
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ELECTRON HALL 

or e 0 * » 

Stabil ised D.C. power supplies 
Research into the nature of matter at the 

United Kingdom's Science Research Council 
Nuclear Physics Laboratory at Daresbury calls for 
exceptionally highly stabilised d.c. power supplies 

to control the beam bending and focusing magnets on 
the electron synchrotron particle accelerator. 

Brentford control the 10 M W of power required 
by a bank of 100 stabilised power supply units, 

wh ich control the output current long term wi th in 
i O . 0 1 % of the set point over a range of 20 to 1 . 

©BRENTFORD 
Brentford Electric Limited, Manor Royal, Crawley, Sussex. Tel. Crawley (0CY3) 27755. Telex. 87252. 

A Member of the G.H.P. Group 
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HOW TO MAKE A BIG COMPUTER SYSTEM 
FROM A TINY $ 10.000 MACHINE? 

Simply attach several magnetic tape units to your real 
time computer using a SEN interlace 

Disp layed above is an in te r face to the VARIAN DATA M A C H I N E S 620 i c o m p u t e r d e s i g n e d to con t ro l up to four (4) IBM 2400 
ser ies magne t i c t ape t ranspo r t s . Th is in te r face has an e labora te and conven ien t da ta t rans fe r log ic . Data f low to or f r om the 
m e m o r y is unde r con t ro l of two A d d r e s s Reg is te rs (Trap Transfer ) . To wr i te a r eco rd , for e x a m p l e , the init ial and f inal a d d r e s s e s 
of the m e m o r y po r t i on f r om w h i c h the data has to be taken are set into the c o r r e s p o n d i n g reg is te rs . T h e n a wr i te ins t ruc t ion is 
g iven and the wr i te p r o c e s s g o e s a long w i t hou t fu r ther p rog ram con t ro l . The e n d of each tape ope ra t i on can be s igna l i zed by an 
in ter rupt . 
Ask SEN to k n o w m o r e abou t th is in te r face and to see how it wi l l boos t the use fu lness of you r c o m p u t e r and ease the w o r k of 
you r p r o g r a m m e r s . 

SUMMARY OF SPECIFICATIONS 
m 7 t r a c k I B M R e c o r d i n g • 8 i n s t r u c t i o n c o d e s f o r R e a d - W r i t e - T a p e m o t i o n o p e r a t i o n s 
• H i g h o r L o w D e n s i t y • 8 i n s t r u c t i o n c o d e s s t a t u s s e n s i n g 
• I n t e r f a c e a s s e m b l e s B C D o r b i n a r y c h a r a c t e r s f r o m • 3 i n s t r u c t i o n c o d e s f o r t h e M e m o r y A d d r e s s R e g i s t e r s 

m a c h i n e w o r d s ( e i t h e r 1 6 o r 1 8 b i t m a c h i n e w o r d s ) • I n t e r r u p t a v a i l a b l e a t t h e e n d o f e a c h t a p e o p e r a t i o n 

I ELECTRONIQUE I 
Representatives throughout Europe and The United States 

3 1 , Av. Ernest -P ic te t / 1211 GENEVA 13 / Sw i t ze r land / Te l . ( 0 2 2 ) 4 4 2 9 4 0 
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Manufacturer for the Construction 
of Electric Furnaces 

3, rue des Cras 

25 BESANÇON 
Tél. (81) 80 36 49 
Doubs - FRANCE 

Four automatique pour pièces de dimensions moyennes 
Forno con avanzamento automatieo per pezzi di dimensioni medii 
Homo automatieo para piezas medianas 
Automatic furnace for middle-sized pieces 
Ofen mit automatischen Fôrderband fur mittlere Stticke 
n>>an>a DHDD ^ y n m p ' j n b > u m u m i n 
Automatyczny piec dla srednych czçsci 
ABTOMaTMHecKan nenb nnn cpeAHHx nacieH 

Export to the whole World. 

Supplier : Industry, Universities, 

Schools, Aeronautic, Aérospatial. 

Continous belt conveyor furnaces with 
controlled atmosphere for hot forming, 
annealing, brazing, hardening, 
(bright tempering) carburizing, 
carbonitriding (air quenched steel and 
stainless stell). 

Figure 4 

Exceptional performances 
Low cost 

Mod. LM 1450 : the most recent addition 
to the range of SOLARTRON dig. voltm. 

10 /A / - 1000V in 6 ranges 

Accuracy : ± 0,05 % of reading 

± 0,05 % of range 

BCD or decimal output 

50 readings per second 

Isolated input 

Price : Fr. 4150 . -

15, me du Jeu-de-l 'Arc -1211 Genève 6 

Tél. 35 99 50 

S C H L U M B E R G E R . g e n ève 

INSTRUMENTATION S.A. Zurich 
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INTERNATIONAL SERIES 
N I M S S C A L E R & T I M E R S E L E C T I O N G U I D E 

* 5,6, or 7 decade Sealer/Timers with "Nixie" 
indicator display, 70 nanosecond resolving time 
and built-in time reference. 

* Clocks with 24-hour timing or crystal controlled 
time reference. 

* Digital Ratemeter with both linear and 
logarithmic analogue outputs. 

* Automatic serial or parallel print-out. 

* Compatible with USAEC specification Tl D-20893. 

— • — ^ * J n , t N ° -
Function """"•" '̂""-^ 

NE 4611 
Sealer-Timer 

NE 4649 
Sealer-Timer 

NE 4613 
Sealer-Timer 

NE 4612 
Timer-Sealer 

NE 4624 
Clock 

NE 4652 
Digital Clock 

NE 4622 
Digital Ratemeter 

Input into 500 
ohm impedance 

As Scaler 
+ 2V min. 

As Scaler 
+ 2V min. 

As Scaler 
+ 2V min. 

As Scaler 
+ 2 V min. - - As Scaler or as 

Ratemeter and 
Ext. Clock input, 
+ 2V min. 

Start-Stop-
Reset Control 

Manual or 
Auto 

Manual or 
Auto 

Manual or 
Auto 

Manual or 
Auto 

Manual or 
Auto 

Manual Clock 
Reset. 
Manual or Auto 
Timer Control 

Manual or 
Auto 

Preset Control 
Count or Time: 
102to105 
Off 

Count or Time : 
102 to 106 
Off 

Count or Time: 
102 to 107 
Off 

Count or Time : 
in each decade 
1, 2, 4, 8, Off 

Time: 10-4 to 103 
seconds wi th 
x1 to x10 
multiplier 

Time : 
1 ,2 , 5. 10, or 20 
minutes 

May be set by 
f.s.d. 

Time Base 0.1 second 0.1 second 0.1 second 
0.01, 0 .1 , 1, 10, 
seconds 10 microseconds - Timer or Rate­

meter 0.1, 1, 10, 
10Ot seconds 

Time 
Reference 

50 or GO Hz 
supply 

50 or 60 Hz 
supply 

50 or 60 Hz 
supply 

Crystal 
controlled 

Crystal 
controlled 

50 or 60 Hz 
supply 

50 or 60 Hz 
supply 

"Nix ie" type 
Display 

Vertical : 
5 Decade 

Vertical : 
6 Decade 

Vertical : 
7 Decade 

Vertical : 
6 Decade - Vertical : 

6 Decade as 
hr. min. sec. 

Horizontal : 
4 Decade. 
Adjustable 102, 
103 or 104 f.s.d. 

Output 
+ 5V pulse 
at 105 overflow 

+ 5V pulse 
at 106 overflow 

+ 5V pulse 
at 10 7 overflow 

+ 5V pulse 
at 106 overflow 

+ 5V at 100kHz 
+ 5V pulse at 
preset time 

+ 5V pulse 
at preset time 

+ 5V pulse 
at f.s.d. 

Module Width single single single double single single treble 

Power 
Requirements 

+ 24V at 0.2 A 
+ 1 2 V at 0.2A 
117Vac at 10mA 
or 
+ 6V at0.4A 
117V ac at 10mA 

+ 24V at0.2A 
+ 12V at 0.25A 
117V ac at 11 mA 
or 
+ 6V at 0.45 A 
117Vacat11mA 

+ 24V at 0.2 A 
+ 12Vat0.3A 
117Vac at 12mA 
or 
+ 6V at0.5A 
117Vac at 12mA 

+ 24V at 0.2A 
+ 12Vat0.3A 
117V ac at 11 mA 
or 
+ 6V at 0.5 A 
117V ac at 11 mA 

+ 24V at0.12A 
+ 12V at0.18A 
or 
+ 6Vat0.3A 

+ 12Vat0.5A 
117V at 11 mA 
or 
+ 6V at0.5A 
117V ac at 11 mA 

+ 24V at 10mA 
+ 12V at0.4A 
—24V at 10mA 
117Vac at 9mA 

Note :— Unit Nos. NE 4611, 12, 13, 22 , 49 , 52 may be used w i t h the NE 4617 Print Control for serial print out . The NE 4625 parallel 
interface may be used where different parallel output levels are required. f This is an opt ional feature, 

NUCLEAR ENTERPRISES LIMITED 
S I G H T H I L L , E D I N B U R G H 1 1 , S C O T L A N D . T E L E P H O N E : 0 3 1 - 4 4 3 4 0 6 0 
T E L E X : 7 2 3 3 3 C A B L E S : ' N U C L E A R , E D I N B U R G H ' 
Bath Road, Beenham, Reading, England. Telephone: 0735 21 2 1 2 1 . Telex; 84475 
Associate Companies; Nuclear Enterprises Inc.. 935 Terminai Way. San Carlos, California 

Nuclear Equipment Corporation. 931 Terminal Way. San Carlos. California 
Nuclear Enterprises GmbH, 8 Munich. 80 Perfalistr. 4. West Germany 

Swiss Agents : HIGH ENERGY AND NUCLEAR EQUIPMENT S.A. 
2, CHEMIN DE TAVERNAY GRAND-SACONNEX 
1218 GENEVA 
Tel . (022) 3417 0 7 / 3 4 1 7 05. 
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P h o t o c o p i e s — Appare i l s d 'éc la i rage et 
d ispos i t i f de déve loppemen t - Papiers 
pour pho tocop ies - Insta l la t ions pour la 
pho tocop ie . 

Héliographie — Appare i l s d 'éc la i rage et 
machines à déve lopper - Nouveau té : 
H É L I O M A T I C , machine à hé l iograph ier 
avec V A R I L U X permet tan t de fa i re var ier 
la pu issance d 'éc la i rage - Papiers pour 
déve loppements à sec et semi -humides. 

B u r e a u - O f f s e t — Mach ines-o f fse t et 
p laques-o f fse t présens ib i l i sées O Z A S O L . 

D e s s i n s — Mach ines à dess iner J E N N Y 
et combina ison de dessins - Papiers à 
dessin (papiers pour dessins de déta i ls ) , 
l istes de p ièces, pap iers t ransparents (à 
ca lquer) , pap ier pour croquis . 

I n s t a l l a t i o n s d e r e p r o d u c t i o n pour hé l io ­
graphies, impress ion de plans, pho to ­
cop ies , t ravaux de pho tograph ie t e c h ­
n ique, réduc t ions , agrand issements , t ra ­
vaux de déve loppemen t de micro f i lms. 

Mcâtêl 
TECHNIQUES DU VIDE 

22, avenue Edouard Herriot, 
92-Le Plessis-Robinson (France) 

Composants vides 

(pompes primaires, pompes roots, pompes à dif­
fusion d'huile, vannes, appareils de mesure, acces­
soires, groupes de pompage). 

Thermique sous vide 

(fours à induction, fours à résistance, fours à bom­
bardement électronique, toutes ces installations 
étant automatiques et programmées). 

Détection de fuite à l'hélium 

Chambres de simulation spatiale 

» * 
• • • • 

^^^^^^^^^^^^^^^^^^^^^^ 

Simtec designed to A E C nuclear standards 

•LOW-NOISE 
PREAMPLIFIERS 

1 ULTRA-STABLE 
LINEAR 
AMPLIFIERS 

# jg 

-7* 

Developed in conjunct ion w i th Chalk River Nuclear 
Laboratories, the P-11 preamplifier and M-31 linear 
amplifier provide a system featuring precise pole-zero 
compensation and 1 % pulse shape accuracy control . 
Built in accordance w i th A E C / N . I . M . practice, they 
are exceptional for : 

• Cooled germanium and sil icon detector 
spectroscopy 

• High resolut ion/h igh rate systems. 

UNRIVALED IN PERFORMANCE 
• M-31 offers unusual stabil i ty, low noise accuracy 

and opt imum control over pulse-height ampli f icat ion. 

• 0.88 kev FWHM noise resolution at 0 pf for german­
ium detectors w i th the STANDARD P-11. Noise at 
100 p f - 3 . 4 kev F W H M . 
Rise t ime — 20 nsec to 10 pf, 60 nsec at 100 pf. 

• 0.55 kev FWHM noise at 0 pf for germanium w i th the 
HIGH RESOLUTION P-11HR. Noise at 15 pf - 1.2 
kev F W H M . 

• 0.32 kev FWHM noise at 0 pf for germanium w i th the 
COOLED INPUT FET P-11 HR-CN for low capacity 
systems. Noise at 5 pf — 0.39 kev F W H M . 

FET BURN-OUT PROTECTION CIRCUIT 
f o r v o l t a g e t r a n s i e n t s u p t o ±1,000 v o l t s . 
If these are the features and results you've been looking 
for, request a free demonstration of the Simtec P - 1 1 / 
M-31 system and prove them for yourself. Write, call or 
cable. At the same t ime, ask about our unique sil icon 
detectors and l i thium drifted detectors (operational from 
—77° K to room temperature). Full information and 
prices available. If you're not completely satisfied w i th 
the standards of your present system — improve them 
w i th the help of Simtec. 

s i m t e c l t d 
3400 Metropol i tan Boulevard E„ 
Montreal 38, Canada 
Telephone: (514) 728-4527 

High Energy and Nuclear Equipment S.A. 
2, Chemin de Tavernay, 
Grand-Saconnex, 1 21 8 Geneve, 
Switzerland. 
Tel. (022) 34 17 07 /34 17 05 
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New Multiple-Mode ADC: 
a complete, high-speed analytical instrument 
for measuring: 

A N A L O G 
INPUT 

SIGNAL 

A - Pulse A r e a 
(in voft-nanosecond$) 

PULSE A R E A 

3 .25 
PULSE AREA (A) 

7 . 5 0 (V-ns) 

A N A L O G 
INPUT V p 

P E A K PULSE A M P L I T U D E 

1 0 0 0 m V 
INPUT PEAK AMPLITUDE {Vp) 

INPUT DC LEVEL 
y D C - — 

INPUT DC LEVEL (VDC) 

S L O W PULSE O R D C A M P L I T U D E 

START SIGNAL 

nanoseconds-* 

* —Time Interval 
Digitized TIME BETWEEN START & STOP 

SIGNALS ( 7 ) 

N A N O S E C O N D T I M E I N T E R V A L S 

You ought to know the versatile LRS Model 243 Gated 
Linear Analog-To-Digital Converter. It's optimized 
to digitize the amplitude or area of nanosecond analog 
signals. But it can also handle more slowly changing 
waveforms . . . DC levels . . . or measure digitally 
nanosecond time intervals. That's big capability. And 
in a small package. M Actually, the 243 is a complete 
analytical instrument in itself. The unit contains its 
own fast built-in linear gate to permit selection of the 
input pulse or interval to be digitized . . . as well as a 
built-in pulse stretcher, 40 MHz crystal clock, and 
binary output register. The 243 accepts unstretched 
pulses from 2 to 100 nanosecond duration directly . . . 
and delivers an 8-bit coding of the input amplitude or 
area. Maximum digitizing time: 6.4 ^s. Resolution: 1 
part in 256. • There are many plus features, too. 
Positive or negative inputs permit analysis of pulses 
from virtually any source. Front panel visual display 
continuously monitors the state of the internal buffer 
register. Buffered outputs are suitable for use with 
on-line computer, magnetic tape transport, typewriter, 
or other digital output device. For full details, write 
for Bulletin 243. 

Lm £3 
LeCROY RESEARCH SYSTEMS 
C O R P O R A T I O N 
Rte. 3 0 3 , W . Nyack, N.Y. 1 0 9 9 4 . (914) 3 5 8 - 7 9 0 0 

INNOVATORS IN INSTRUMENTATION 



C A R D P R I N T E R S 

— Why take readings ? The count can be permanently printed on a card and if 
desired on paper tape simultaneously 

— Standard card sizes (3Va' or 7 3/ 8") 

— Combinations of one to four channels and up to 20 single-decade elements 

Detailed leaflet on request 

1211 Geneva 16 (Switzerland) 

Tel. (022) 335500 Telex 22333 
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Bet te r circuit tes t ing requires bet ter pulse generators . 
B e t t e r c h e c k t h e s e o u t . 

The Hewlett-Packard 8002A and 
the Model 8003A Pulse Generators 
offer you new and improved control 
over your input pulses for testing 
circuits under actual operating con­
ditions. With clean fully specified 
pulses, versatile circuit testing is 
possible without being restricted by 
the limitations of the pulse genera­
tor itself. 
The 8002A Pulse Generator gives 
you excellent control of your pulses, 
with rise and fall independently 

controllable by means of a vernier. 
Variable rise and fall times, 10 nsec 
to 2 sec, and rise/fall, fall/rise ratios 
up to 3 0 : 1 . Repetition rate is 0.3 Hz 
to 10 MHz. 50 ohm source imped­
ance, even during transitions; re­
flections are minimized. Price: $700 
fob factory. 

For the best pulses and greatest ver­
satility for your money, the 8003A 
Programmable Pulse Generator is 
your best buy. Here you get simul­
taneous positive and negative out­
puts, 5 nsec rise time, pulse width 

of 30 nsec to 3 sec and a 10 MHz 
repetition rate.Greatforfastswitch­
ing applications, wide frequency 
testing capability of the 8003A also 
makes it ideal for testing analog 
devices such as wideband ampli­
fiers, filters and other linear circuits. 
Price: $470 fob factory. 

If you've been searching for a better 
way to test circuits, a way to get 
better, more accurate results, get 
complete details on these two 
pulsers by calling your local HP 
field engineer. 

European headquarters: 
Hewlett-Packard S.A. 
5 4 , route des Acacias 
1211 Geneva 2 4 , Switzerland 
Tel. 4 2 81 50 

28 Sales and 
Service offices 
throughout Europe 

HEWLETT Owl PACKARD 
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U . K . 

Honeywel l Controls Ltd., 
53 Clarendon Road, 
Wat ford, Herts. 

G E R M A N Y 
Honeywel l Gmbh, 
6050 Offenbach Main , 
Kaiserleistrasse, 55. 

N E T H E R L A N D S 
Honeywell N.V., 
Egelenburg 1 50-152, 
Amsterdam-Buitenveldert. 

S W I T Z E R L A N D 
Honeywel l A.G., 
8008, Zurich, 
Dufourstrasse 47. 

F R A N C E 
Honeywel l S.A., 
92, Malakoff/Paris, 
6-18, Rue Avaulée. 

H o n e y w e l l 
C o m p u t e r C o n t r o l D i v i s i o n 
1203 G e n è v e 7 3 , r. d e L y o n 0 ( 0 2 2 ) 4 4 2 5 5 0 

3 0 0 



TOC 18 BIT 

THRESHOLD RESET 

HIDAC means easy and 
reliable high speed data 
acquisition I 
The HIDAC system app l i es to spa rk chambers , hodoscopes , spec t rome te rs 
and t ime of f l igh t measuremen ts . It is kept up to da te even in s o m e years 
by the pe rmanen t i n t r oduc t i on of new modu les , wh ich he lps to au tom ise 
and expand your exper imen t . 

LOOK 

FF READ 

PICK UP 

OVER 
FLOW 

TYPE m% 

Time to Digital Converter 909 
The TDC 909 cons is ts of two inde­
pendent channe ls fo r d ig i t i z ing the 
son ic t rans i t t ime of spark c h a m ­
bers. It cons is ts of a spec ia l d i s c r i ­
minator i npu t -c i r cu i t g i v ing low j i t te r 
t r i gge r ing of the subsequen t 16 bit 
b inary sca ler , w h i c h coun ts the p u l ­
ses f rom a c l ock -gene ra to r w i t h a 
max imum speed of 20 MHz. The 
th resho ld of the i npu t -d i sc r im ina to r 
is var iab le f rom 0,5 to 4,5 Vo l t in 
s teps of a 0,5 Vol t . For mu l t i p le -spark -
de tec t ion w i th w i re - spa rk - chambers , 
a spec ia l ove r f l ow-ou tpu t is p rov i ­
ded , by pass ing the s e c o n d and al l 
the fo l l ow ing p i ck -up s igna ls , w h i c h 
can be used to t r i gge r s e c o n d or 
fur ther channe ls . In th is way there 
is no l imi t to the mu l t i p l e -spa rk -de ­
tec t ion by sw i t ch i ng TDC 's in cas ­
cade . The doub le -spa rk - reso lu t i on 
is 0,5 /us or 2,5 m i l l ime te rs for w i r e -
spa rk -chambers . Us ing the LOOK-
but ton the con ten ts of th is 16 bit 
b inary sca le r are d i sp layed on the 
cent ra l con t ro l unit in dec ima l f o r m . 

The H IDAC Data Acqu i s i t i on Sys tem 
is des igned for co l l ec t i on of a l l 
da ta in expe r imen ta l h igh and low 
energy nuc lear phys ics . Many spe ­
c ia l un i ts are ava i lab le for p a r t i c u ­
lar app l i ca t i ons , such as reco rd i ng 
of da ta f rom spark chambe rs , H o -
doscope -a r rays , t ime-o f - f l igh t mea­
su remen ts , pu lse -he igh t i n fo rmat ion 
and coun t ing - ra tes up to 100 MHz. 
Th is equ ipmen t was conce i ved f r om 
the many spec ia l uni ts over the last 
few years , toge ther w i th the latest 
requ i remen ts for ON-L INE c o n t r o l . 
Our p r o g r a m m e does not on ly c o n ­
s ist of a s ing le c o m p o n e n t fo r the 
sys tem, but we have a fu l ly in tegra­
ted range f rom spark chambe rs to 
in te r face of c o m p u t e r s . We d o not 
c l a im to have deve loped th is sys tem 
ent i re ly ourse lves, but w i th the he lp 
of our many cus tomers it t he re fo re 
covers most the requ i rements in t he 
f i e ld . 

On the left one the modu les is 
i n t r o d u c e d . 



- S t r u c t u r e m o n o - d é c a d i q u e 
- G r a n d e s i m p l i c i t é d ' a s s e m b l a g e e t de f i x a t i o n 
- A f f i c h a g e su r t u b e i n c o r p o r é ( p o i n t d é c i m a l s u r o p t i o n ) 

COMPTEUR 
Cadence de comptage 250 kHz 
Basse tension unique d'alim. 
12 V ± 10% 
Sorties binaires bipolaires : 
Standard 1-2-4-8 
Sur option 1-2-4-2 
Courant disponible 15 m A 

DÉCODEUR 
Décodage binaire décimal 
Standard 1-2-4-8 
Sur option 1-2-4-2 
Tension d'alimentation 4,5V à 12V 
Différence minimale des niveaux 
logiques 1,5 V 

S o r t i e s d é c i m a l e s à b a s s e i m p é d a n c e ( c o u r a n t d i s p o n i b l e 15 m A ) 
S o r t i e s pou r r é p é t i t i o n e x t é r i e u r e de l ' a f f i chage 

AUTRES FABRICATIONS TUBES D'EMISSION PROFESSIONNELS ET POUR APPLICATIONS INDUSTRIELLES • CARCINOTRONS " O " ET " M " • 
TUBES A ONDE PROGRESSIVE TYPES " O " ET A CHAMPS CROISES • KLYSTRONS OSCILLATEURS ET DE PUISSANCE • MAGNETRONS • ALTER 
NATS • TUBES A RAYONS CATHODIQUES ET A MEMOIRE • MINIATRON • SUBNITRON • TUBES REPETEURS • TUBES CERAMIQUES • GENE­
RATEURS DE BRUIT • INDICATEURS AU NEON • TUBES D'AFFICHAGE O ELECTROLUMINESCENCE • LASERS A GAZ • FOURS A VIDE • 
PASSAGES ETANCHES. 

CSF - COMPAGNIE GENERALE DE TELEGRAPHIE SANS FIL 
GROUPEMENT TUBES ÉLECTRONIQUES 
55, rue Greffulhe - 92 Levallois-Perret - France 
Téléphone ; 737-34-00 



We're ra is ing the ante: Most modules of our sp lend id new 
NANOLOGIC 150, 200 MHz, AEC-compat ib le Count ing System 
are now avai lable o f f t h e s h e l f . We can sh ip f rom stock dis­
cr iminators , logic un i ts , amp l i f i e rs , l inear adders, prescalers, 
fan- ins, fan-outs, l inear gates, gates w i t h s t re t che r /ho ld etc, 
etc , etc , etc. Just about any logic func t i on in a NIM package 
you care to ment ion . Call our f u l l house and everybody wins. 

Observe, by the way, tha t NANOLOGIC 150 is a complete ly 
new System — not a repackage to meet T ID-20893. A n e w 
S y s t e m . A l l n e w . From the grounds up. Al l DC-coupled; nor­
mal or complementary ou tpu ts ; ou tpu t w id ths var iable over a 
1000 :1 range. Much higher per formance and greater oper­
a t i ng f lex ib i l i t y . Care for a couple of examples? 

M o d e l 1 5 1 , a dua l , deadt imeless d iscr iminator . Pulse inputs 
to bet ter than 2 0 0 MHz w i th 5 0 mV sensi t iv i ty and a var iable 
th resho ld , set table to 1 % accuracy. Pulse pai r resolut ion is 
bet ter than 5 ns. One can swi tch-select updat ing , deadt ime­

less or deadt ime modes. Five DC-coupled outputs per sect ion 
(two logic pairs and a scaler out) ; one logic pair can provide 
ei ther the complement or the normal output . Output w id th 
cont inuously var iable 5 ns to bus w i t h a 3 ns f ixed pos i t ion. 
Doesn't sound l ike a repackage, does it? It isn' t . 

M o d e l 1 5 2 is to logic un i ts what the 151 is to d iscr iminators . 
MAJORITY, AND, OR, ANTI logic func t ions ; a l l of t hem in one 
module. Coinc idence resolving t i m e better than 2 ns FWHM 
at 200 MHz. Any input (4 YES, 1 NO) can be swi tched in or 
out independent ly . Outpu t w id th cont inuous ly var iable over a 
fu l l 1000 :1 dynamic range and normal a n d / o r complementary 
outputs . An overlap ou tpu t is also prov ided. 

We're not s tand ing pat though . More new 150 modules are on 
the way. If you need c o u n t i n g / l o g i c w i t h the highest avai l ­
able per formance, s tab i l i t y and qua l i t y ca l l or wr i te for t ech ­
nical l i terature or a demonst ra t ion . 

Looking for a w inn ing hand? Play these. 

C H R O N E T I C S 

U . S . A . : 5 0 0 N u b e r A v e n u e , M t . V e r n o n , N e w Y o r k (914)699-4400 TWX 710 560 0014 
E u r o p e : 3 9 R u e R o t h s c h i l d , G e n e v a , S w i t z e r l a n d ( 022 )318180 TELEX 22266 



Now you can buy a decade scaler w i th 4 nanosecond resolution. 
f om also get a protected input discriminator, gated BCD outputs, 
and front panel visual readout. You don't get any exotic, selected, 
adjustable or otherwise critical components. 

N U C L E A R I N S T R U M E N T A T I O N 

MODEL > S110/N 

DECADE SCALER 
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A: 20-puIse input burst, at 4.4 nsec spacing. B: Carry output. 

Horizontal scale 20 nsec/div. Vertical scale 400 mV/d iv . 
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Our new S110/N DECADE SCALER Module is capable 
of correctly scaling in excess of 200 MHz CW, or 
resolving pulse pairs spaced less than 4 nsec apart. 

The input accepts NIM-standard fast logic signals. 
However, even less than min imum-ampl i tude NIM 
signals can be scaled. The input is protected by a 
l imiter wh ich provides good terminat ion and fast 
recovery, so the input may accept raw phototube 
signals. A stable, —400 mV discriminator fol lows the 
l imiter to drive the scaler. The circuitry is, of course, 
direct-coupled. 

The unique design of the direct-coupled scaling cir­
cuitry obviates the need for selected components, 
t r imming adjustments, etc. This allows us to deliver 
to you a field-servicable instrument at low cost. 

The S110/N is adaptable to system use, since it pro­
vides gated NIM-standard slow logic signal outputs. 
The coding is 1248 BCD, wh ich may be changed to 
122'4 if desired. Provision is made for diode isola­
t ion at the outputs, to permit "w i red -OR" bussing. 

The carry output is a NIM-standard fast logic signal 
of nominal 20 nsec w id th . The "universal" reset/ 
inhibi t input accepts either positive or negative sig­
nals, and an internal driver assures that reset act ion 
is always completed. 

The S110/N is packaged in a single-width NIM-
standard module, and 12 modules may be put in our 
new NIM bin. Even though compact, user conve­
nience features such as visual readout and reset 
mode selection have not been omit ted. 

Write or call for detailed specifications, EG&G, Inc., Nuclear Instrumentation Division, 40 Congress Street, Salem 
Massachusetts 01970. Telephone: (617) 745-3200. Cables: EGGINC-SALEM. 


