
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 

CERN/PI 89.8.68 

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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