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The European Organizat ion for Nuclear Research, more commonly 
known as CERN (from the initials of the French title of the original body, 
'Le Conseil europeen pour la Recherche nucleaire', formed by an Agree
ment dated 15 February 1952), was created when the Convention establish
ing the permanent Organization came into force on 29 September 1954. 

In this Convention, the aims of the Organization are defined as follows: 
The Organization shall provide for collaboration among European 
States in nuclear research of a pure scientific and fundamental 
character, and in research essentially related thereto. The Organiza
tion shall have no concern with work for military requirements and 
the results of its experimental and theoretical work shall be published 
or otherwise made generally available.' 

Conceived as a co-operative enterprise in order to regain for Europe a 
first-rank position in fundamental nuclear science, CERN is now one of the 
world's leading laboratories in this field. It acts as a European centre and 
co-ordinator of research, theoretical and experimental, in the field of 
high-energy physics, often known as sub-nuclear physics or the physics of 
fundamental particles. 

High-energy physics is that front of science which aims directly at the 
most fundamental questions of the basic laws governing the structure of 
matter and the universe. It is not directed towards specific applications — 
in particular, it plays no part in the development of the practical uses of 
nuclear energy — though it plays an important role in the education of the 
new generation of scientists. Only the future can show what use may be 
made of the knowledge now being gained. 

The laboratory comprises an area of about 80 ha (200 acres), straddling an 
international frontier; 41 ha is on Swiss territory in Meyrin, Canton of 
Geneva (the seat of the Organization), and 39.5 ha on French territory, in 
the Communes of Prevessin and St.-Genis-Pouilly, Department of the Ain. 

Two large particle accelerators .form the basis of the experimental 
equipment: 

— a 600 MeV synchro-cyclotron, 
— a 28 GeV proton synchrotron, 

the latter being one of the two most powerful in the world. 

The CERN staff totals about 2300 people. 

In addition to the scientists on the staff, there are over 360 Fellows and 
Visiting Scientists, who stay at CERN, either individually or as members of 
visiting teams, for periods ranging from two months to two years. Although 
these Fellows and Visitors come mainly from universities and research 
institutes in the CERN Member States, they also include scientists from 
other countries. Furthermore, much of the experimental data obtained with 
the accelerators is distributed among participating laboratories for evaluation. 

Thirteen Member States contribute to the cost of the basic programme of 
CERN in proportion to their net national income: 

Austria (1.90 %) Italy (11.24 %) 
Belgium (3.56 %) Netherlands (3.88 %) 
Denmark (2.05 %) Norway (1.41 %) 
Federal Republic Spain (3.43 %) 

of Germany (23.30 %) Sweden (4.02 %) 
France (19.34%) Switzerland (3.11 %) 
Greece (0.60 %) United Kingdom (22.16 %) 

Poland, Turkey and Yugoslavia have the status of Observer. 

The 1966 budget for the basic programme amounts to 149 670 000 Swiss 
francs, calling for contributions from Member States totalling 145 860 000 Swiss 
francs. 

Supplementary programmes, financed by twelve states, cover construction 
of intersecting storage rings for the 28 GeV accelerator at Meyrin and studies 
for a proposed 300 GeV accelerator that would be built elsewhere. 
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Major construction work begins this summer on the site of the intersecting storage rings ( ISR) . 
The July issue of C E R N C O U R I E R is devoted exclusively to information about this new project 
for sub-nuclear physics research at C E R N . T h e issue is divided into four main sections — a 
general introduction to the project; a description of the storage rings themselves; the pre
paratory work which has been done; the research which the project will make possible. 

Why build 

Intersecting Storage Rings? 
Why are intersecting storage rings being built ? 

What are they ? What can they tell us which we 
cannot get from the existing accelerators ? 

This article attempts to answer these questions 
in a general way (without going far into the 
details of the project itself) and to convey some 
understanding of the significance of this large 
and unique development in the research facilities 
at CERN. 

of these particles have been identified (though 
the definit ion of the w o r d part icle has b e c o m e a 
little blurred) and to descr ibe the w a y s in w h i c h 
matter behaves , it has p r o v e d necessary to invoke 
four different kinds of force . There is a general 
feeling that this complex i ty , w h i c h confronts us 
at present, stems f r o m our l ack of understanding 
and that, as w e p r o b e deeper and deeper, the 
picture wi l l b e great ly simplif ied. 

The scientific research at CERN, and at the 
m a n y other accelerator Laborator ies in Europe, 
the U S A and the USSR, is concerned wi th the 
investigation of the nature of matter. It at tempts 
to find out wha t are the basic bits and pieces of 
matter, wha t are their propert ies , wha t is the 
nature of the forces acting b e t w e e n them, wha t 
are the l aws w h i c h cont ro l the w a y in w h i c h the 
basic units behave . 

In less than a century, our k n o w l e d g e of matter 
has increased a lmost unbe l ievably . First c ame 
the understanding of the a tom — the, b y n o w , 
familiar pic ture of the t iny solid core , or nucleus, 
surrounded b y a c loud of orbi t ing electrons. The 
understanding of the propert ies of the e lect ron 
cloud, in theory at least, exp la ined the w h o l e of 
chemistry, and opened the doo r to m a n y tech
nologica l deve lopments (the electronics industry 
in particular) w h i c h are n o w part of our eve ry 
day l ives. 

This era of ' a tomic phys ics ' w a s f o l l o w e d b y 
the investigation of the nucleus itself. Its major 
constituents w e r e identif ied as the pro ton and 
neutron, and cons iderable k n o w l e d g e has been 
gained about h o w they c o m b i n e to bui ld up 
the var ious nuclei . F r o m this 'nuclear physics ' 
era have c o m e the radio- iso topes in use in 
medic ine and industry, the nuclear reactors n o w 
making a significant contr ibut ion to the electr ici ty 
p o w e r in several countries, the w o r k on 
thermonuclear fusion, and also, unfortunately, 
the a tomic weapons . 

A t present w e are in the early days of a third 
stage — sub-nuclear physics — w h e r e the 
propert ies of the consti tuents of the nucleus and 
of a large n u m b e r of other particles on a sub-
nuclear scale w h i c h have recent ly been dis
covered , are under investigation. We l l o v e r 100 

More energy 

This increasingly fine b r e a k d o w n of matter has 
been made poss ible b y hav ing avai lable beams 
of part icles o f increasingly h igher energy. The 
deve lopment of the techniques to bui ld h igh 
energy part icle accelerators has been the main 
contr ibutor to pursuing this research. 

The need for high energy can b e seen in several 
ways . First, obvious ly , to get at the bits and 
pieces of the nucleus w e must b e able to p rov ide 
sufficient energy to b reak up the nucleus. 
Secondly , in accordance wi th the famous Einstein 
equation, E = m c 2 , w h i c h says that energy and 
matter are interchangeable , if w e are to 'create ' 
particles of high mass for invest igat ion w e must 
have high energy avai lable. Thirdly , to p r o b e 
matter d o w n to smaller and smaller distances 
involves p robes of h igher and higher energy. It 
is possible to 'see' ob jec ts o f about the same size 
as the wave leng th of the radiat ion used to 
obse rve it, and the higher the energy the smaller 
the wave length . Fo r example , using ordinary 
light (which has an energy of a f e w e lec t ron-
volts) it is poss ible to 'see' ob jec ts wi th d imen
sions greater than one tenth of a thousandth of 
a cent imetre (10~4 c m ) ; w i th the h igh energy 
beams of e lectron microscopes , distances d o w n to 
10" 7 c m can be analysed. T h e highest energy 
accelerators n o w in opera t ion (33 G e V at B r o o k -
haven and 28 G e V at CERN) can analyse matter 
d o w n to distances of about 10~ 1 4 cm . 

M a n y of the questions posed b y the research 
wi th the exist ing accelerators call for a higher 
energy machine to f ind the answers . T o take 
just one example , w h i c h seems to have rece ived 
a great deal of attention — the search for m o r e 
massive particles w h i c h m a y underl ie the 
present 'e lementary ' part icles m a y b e success
fully pursued using accelerators wi th an energy 
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of a f e w hundred GeV. The long list of particles 
w h i c h have been found, has, compara t ive ly 
recently, been s implif ied into order ly groups in 
an analogous w a y to the order ly array of the 
elements in the Per iod ic Tab le of the chemists 
in the last century. W e can expec t to find some 
under ly ing reasons w h y this order prevai ls (as 
w e did wi th the Per iod ic Table) . One suggest ion 
is that there exist three particles, g iven the name 
'quarks' , w h i c h generate the m a n y particles w e 
n o w observe . If the quarks do in fact exist, their 
mass is est imated to b e at least 5 G e V (more 
than f ive t imes heavier than the proton) and is 
p robab ly m u c h greater. This is b e y o n d the reach 
of the exist ing accelerators , but it m a y b e 
poss ib le to p r o d u c e and obse rve them at a much 
higher energy machine . 

The next step 

For these reasons, the sub-nuclear physics 
c o m m u n i t y in Europe have been pressing for the 
construct ion of an accelera tor of energy 300 G e V 
w h i c h w a s r e c o m m e n d e d in the 'Repor t of the 
W o r k i n g Par ty on the European High Energy 
Acce le ra to r P r o g r a m m e ' (the A m a l d i Repor t ) in 
1963. The C E R N Counci l is support ing prel i 
minary studies and poss ib le sites for the machine 
are under investigation. It is hoped that app ro 
val for this p ro jec t wi l l be fo r thcoming in 1967 
and it is regarded as the corners tone of sub -
nuclear physics research in Europe f rom the 
midd le of the nex t decade . 

Colliding Beams 

T h e second major r ecommenda t ion in the 
A m a l d i Repor t was the construct ion of storage 
rings for opera t ion in association wi th the exis t 
ing C E R N 28 G e V pro ton synchrot ron. The 
pro jec t was app roved at the Counci l Meet ing in 
D e c e m b e r 1965 and all the CERN m e m b e r States 
wi th the excep t ion of Greece are part icipating in 
the project . T h e storage rings are to b e built on 
land, a l located to C E R N b y the French G o v e r n 
ment, immedia te ly across the bo rde r f rom the 
Swiss site w h e r e the 28 G e V mach ine is located. 

The storage rings are designed to enable t w o 
high energy pro ton beams to be b rought into 
head -on col l is ion. This process cou ld take us 
into a n e w rea lm of part icle phenomena . 

T o understand w h y this is so, let us consider 
an ana logy often used in descr ibing e lementary 
part icle interactions — col l id ing bi l l iard balls. 
W h e n a bi l l iard bal l (the cue ball) is f ired at a 
stationary bal l (the target ball) , the stationary 
ball is pushed in the general d i rect ion in w h i c h 
the cue ball is t ravell ing and the cue bal l also 
continues m o v i n g in the same direct ion. The 
'c rack ' as the balls co l l ide is compara t ive ly quiet. 
The energy of the cue bal l goes into m o v i n g the 
target ball, into its o w n continuing mot ion and 
into the 'crack ' . But if t w o players w e r e able to 
fire t w o identical bal ls wi th the same speed 
direct ly at one another so that they met exac t ly 
head-on, the w h o l e of their energy w o u l d go 

into a m u c h louder c rack since the balls w o u l d 
not take up ene rgy b y cont inuing in mot ion. 

H o w does this relate to part icle coll isions ? 
Wi th a convent iona l accelera tor such as the CERN 
pro ton synchrotron, part icles are fired wi th high 
energy at stat ionary target particles. For 
example , a p ro ton f r o m the accelerator can b e 
directed onto a stat ionary pro ton in a l iquid 
hyd rogen target. A large part of the energy of 
the accelera ted p ro ton goes into m o v i n g the 
part icles w h i c h result f r o m the coll ision, in the 
direct ion of the b o m b a r d i n g pro ton (like the 
m o v e m e n t of the cue and target balls after 
col l is ion) . A m u c h smaller part goes into the 
t ransformation of the protons, and into the 
creat ion of other particles. It is this smaller 
part (the 'c rack ' in our bi l l iard ball analogy) 
w h i c h is the useful ene rgy for our research. 
A t the CERN PS, f rom an energy of 28 GeV, about 
7 G e V is useful. (An approx ima te equation w h i c h 
gives this useful energy is E = ] / (2 E A ) w h e r e 
E is the useful energy and E A is the energy of the 
particles f rom the accelerator . Thus a 300 G e V 
machine wi l l g ive about 24 G e V useful energy.) 

W e can n o w see the advantage of col l iding 
beams. If w e can make t w o accelerated protons 
col l ide head-on , the w h o l e of their energy wi l l b e 
useful energy (like the loud c rack f rom our 
bi l l iard balls hitting head-on) . Wi th the storage 
rings at CERN, t w o 28 G e V beams wi l l be b rought 
into col l is ion and all of their 28 + 28 = 56 G e V 
energy wi l l b e useful. T o ach ieve such a high 
useful energy wi th a convent iona l accelerator 
the mach ine w o u l d have to have an energy of 
,1700 G e V — an accelera tor 60 t imes as b ig as the 
PS, having a diameter of seven miles. 

Obvious ly , there are some disadvantages in 
exper iment ing wi th col l id ing beams otherwise 
these enormous gains in energy w o u l d a lways be 
used and w e w o u l d not pursue higher energy 
convent ional accelerators . T h e first of these 
l imitations is that on ly p ro ton-p ro ton coll is ions 
can b e examined . A t a convent iona l accelerator 
beams of m a n y types of part icle (jt-mesons, 
K-mesons , etc.) can b e p roduced and used for 
exper iments . T o l o o k o n l y at wha t happens 
w h e n v e r y high energy interactions take place 
be tween col l id ing pro tons wi l l b e useful but 
l imited c o m p a r e d wi th w h a t can b e done wi th 
the var ious types of b e a m f r o m the convent ional 
accelerator , and is not expec t ed to g ive a c o m 
prehens ive pic ture of v e r y high energy p h e n o 
mena. 

A further l imitat ion is that the coll isions wi l l 
take p lace wi th in the v a c u u m vessel of the 
mach ine itself. A s opposed to the convent ional 
accelerator , w h e r e beams can b e extracted f rom 
the mach ine so that the interactions occur at a 
convenien t ly situated target surrounded b y vir tu
al ly any desirable conf igurat ion of part icle 
detectors, observat ion of the interactions in the 
storage rings wi l l b e restr icted b y the presence 
of the v a c u u m chamber and magnets of the 
storage rings. Never theless the rings wi l l be 
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constructed so as to a l l ow s o m e space for large 
par t ic le detectors to b e b rough t c lose to the 
region w h e r e the coll is ions occur . 

W h y storage ? 

Anothe r major l imitation leads us to descr ibe 
w h y w e have storage rings and don ' t just bui ld 
another PS and fire the accelera ted beams at one 
another. 

A t the convent ional accelerator , the particles 
in the target (for example , in l iquid hydrogen) 
are effect ively packed close together, and up to a 
mi l l ion mi l l ion interactions per second can b e 
m a d e to occu r in the target if the w h o l e of the 
accelera ted b e a m is shot into it. But w h e n t w o 
beams are fired into one another, the part icles 
are not packed as c lose ly and the number of 
interactions is m u c h smaller. The di f ference can 
b e compared to firing a shotgun at a solid target 
w h e r e all the pellets hit, and firing a shotgun at 
the pellets coming f rom another shotgun w h e r e 
the t w o sprays m a y pass through one another 
w i th f e w pellets col l iding. 

It is to i m p r o v e this situation that the protons 
wi l l b e stored to increase the density of the c o l 
l iding beams. A pulse of a mi l l ion mil l ion 
pro tons f rom the PS wi l l b e fed into one of the 
s torage rings. In this ring, the magnet ic f ield 
wi l l b e kept constant and the protons in the b e a m 
wil l , in principle, stay circl ing indefinitely. M a n y 
m o r e pulses wi l l b e added to the first, a process 
k n o w n as stacking, until an adequate number of 
protons are stored in the beam. This stacking 
p rocedure wi l l be repeated in the second ring 
wi th the protons orbi t ing in the opposi te d i r ec 
tion. T o stack as m a n y as 400 pulses in each 
r ing m a y take up to an hour ( though w h e n 
the PS improvements are comple t ed this m a y b e 

reduced to nearer 5 minutes) and it should then 
be possible to do col l id ing b e a m exper iments 
wi th these t w o beams for several hours . It is 
hoped to achieve a col l is ion rate of about 100 000 
per second. This is l o w c o m p a r e d wi th the m i l 
l ion mil l ion ment ioned a b o v e but it is comparab l e 
wi th ' secondary beam ' exper iments at a c o n v e n 
tional accelerator. 

Other important factors should be ment ioned 
in connect ion wi th the storage of the part icle 
beams. First a v e r y high v a c u u m (10~9 torr, a 
thousand times l o w e r than at the PS and about 
a thousand mil l ion t imes l o w e r than normal 
a tmospheric pressure) is necessary to l imit the 
scattering and loss of particles f rom the b e a m due 
to coll isions wi th gas molecu les in the v a c u u m 
vessel. Even higher v a c u u m is needed in the 
regions whe re the beams are b rought into c o l 
lision, so that the exper imente r has a better 
chance of observ ing the effects of genuine p ro ton -
proton coll isions as opposed to col l is ions wi th 
residual gas molecules . A l s o the magnets wi l l 
have to be m a d e wi th ex t r eme prec is ion and 
al igned ve ry careful ly in the ring. T h e y have to 
hold proton beams in a v a c u u m vessel about 
15 c m w i d e and 5 c m high for, possibly, several 
hours. In this t ime the particles wi l l t ravel 
distances of about a thousand mi l l ion miles. 

The two rings are concent r ic and are sl ightly 
distorted f rom a perfect c i rc le so that they inter
sect in several places. It is in these intersecting 
regions that the col l is ions can b e made to occur . 

W e n o w m o v e f rom this general descr ipt ion of 
the ideas behind the pro jec t to more detailed, 
technical considerat ion of all that is i nvo lved in 
the intersecting storage rings. 

Table 1 : Main Parameters of the ISR 

Number of rings 
Circumference of rings 
Number of intersections 
Entersection angle at crossing points 
Maximum energy of each beam 

MAGNET (one ring) 
Maximum field at equilibrium orbit 
Maximum current to magnet coils 
Maximum power dissipation 
Number of magnet periods 
Number of superperiods 
Total weight of steel 
Total weight of copper 

R.F. SYSTEM (one ring) 
Number of r.f. cavities 
Harmonic number 
Centre frequency of r.f. 
Maximum peak r.f. voltage per turn 

VACUUM SYSTEM 

Vacuum chamber material 
Vacuum chamber inside dimensions 
Design pressure outside intersection regions 
Design pressure inside intersection regions 

2 
942.66 m 
8 
14.7885° 
28 GeV 

1.2 T 
3750 A 
7.04 MW 
48 
4 
5000 ton 
560 ton 

6 
30 
9.53 MHz 
20 kV 

low carbon stainless steel 
160 x 52 mm2 

10" torr 
10- 1 0 to 10- 1 1 torr 



Description of the project itself 
K. Johnsen 

The previous article has described the main advantages of colliding beam experimen
tation and explained why a set of intersecting storage rings, added to the CERN PS, 
is to be built. W e shall in the present article give a general description of this 
project — its basic parameters, how it works, its expected performance — and outline 
some of the major difficulties foreseen in the construction. 

The I S R consists of t w o concent r ic rings of magnets , 
each rather similar to the magne t r ing of the PS itself, 
p laced in a circular underground tunnel located about 
200 m a w a y f rom the PS on the land that France has 
put at CERN's disposal as an extens ion of its site (see 
f igure 3 on pages 134 and 135). T h e fields in the t w o 
magne t rings are constant and of such strength that 
protons e jected f rom the PS (with a m a x i m u m energy 
of 28 GeV) can circulate cont inuously, and in opposi te 
direct ions in either ring, in a v e r y g o o d vacuum. The 
rings are not exac t ly circular, but distorted so as to 
intersect in eight places. T h e main parameters for the 
r ings are listed in Table 1. 

Let us f o l l o w the pro tons f r o m their leaving the PS 
till they col l ide wi th each other in the I S R w h e r e the 
effect of their coll is ions is studied. This wi l l serve bo th 
to expla in the w o r k i n g pr inc ip le of the device , and to 
descr ibe the var ious parts of w h i c h the w h o l e p ro jec t 
is composed . Frequent reference can b e made to 
Figure 3 and to the schemat ic d rawing of the ar range
ment of the rings in Figure 1. 

From PS to ISR 

After the protons have been accelerated to their full 
energy in the synchrotron, a fast e ject ion system, 
similar to -the one a l ready deve loped (see C E R N 
C O U R I E R , vo l . 5, no . 10 (October 1965) p . 148) wi l l k ick 
the protons out of the PS a little upst ream of the 
inject ion area of that machine . A b e a m transport 
sys tem wi l l guide the part icles on to the French part 
of the site in the direct ion of the ISR. A b o u t half way , 
there is a fork and, depending on whe the r a bending 
magnet is swi tched on o r not, the pulse wi l l go left or 
r ight and thus enter one o r the other of the t w o rings. 
T h e t w o b e a m lines f r o m the fo rk not on ly steer the 
part icles in the r ight horizontal direct ion, but also bend 
the b e a m upwards , as the b e a m level in the I S R is 
h igher than in the PS. 

In the right b ranch of the b e a m transport sys tem 
there is another b ranch ing off point . This makes it 
poss ib le to steer part icles past the I S R and direct ly 
into an exper imenta l area for convent ional 28 G e V 
physics . W e shall for the m o m e n t leave that part of 
the p ro jec t and concentra te on the storage rings proper . 

Let us consider on ly one of the rings, for instance 
the an t i -c lockwise one be ing fed f r o m the right b ranch 
of the b e a m transport system. T h e b e a m wi l l b e 
def lected into the v a c u u m chamber of the ring so that 
it initially travels v e r y near to its inside wal l . T o 

achieve this deflect ion, the b e a m wi l l pass t w o septum 
magnets and finally a fast inflector. This inflector is 
somewha t different f r o m the e ject ion magnet in the 
PS since it requires a ve ry sharp cu t -o f f of its fr inge 
field in order not to cause any disturbance to the 
protons w h i c h are a l ready stored in the ring. For this 
purpose, a m o v a b l e shield wi l l b e posi t ioned just in 
front of the gap w h e n the magne t is exci ted. The fact 
that the k icker can have a rather small gap also helps 
to reduce the p r o b l e m of the fr inging field. 

Stacking 

T h e storage ring has a r ad io - f requency system that 
is a l ready swi tched on w h e n the protons are injected. 
T h e purpose of this sys tem is to accelerate the particles 
just enough to m o v e them f r o m their inject ion orbi t near 
the inner wa l l of the v a c u u m chamber to an orbi t 
nearer the outside of the c h a m b e r w h e r e the particles 
are be ing stacked. T h e ob jec t o f this stacking was 
expla ined in the in t roductory ar t icle: one pulse in one 
ring i n col l is ion wi th on ly one pulse in the other ring 
w o u l d g ive a ve ry small p ro ton -p ro ton interaction rate, 
and m a n y PS pulses are requi red in each ring to get a 
reasonable rate for exper imenta t ion . 

W h e n the r.f. sys tem has m o v e d the particles f rom the 
inject ion orbi t to the stacking orbit , the ring is ready 
to take the nex t pulse f rom the PS. The r.f. system 
then m o v e s these n e w part icles to w h e r e it earlier 
d ropped the p rev ious pulse. In this way , the pulses 
are put nearly, but not quite, on top of each other. 
In fact there wi l l b e 0.1 to 0.2 m m be tween the pulses, 
adding up to a w id th of about 60 m m for 400 pulses, 
w h i c h is the m a x i m u m stack wid th p rov ided for. 
This is based on the present m a x i m u m per formance of 
the PS, and 400 pulses w o u l d mean about 4 x 10 1 4 

stacked protons, equivalent to 20 A circulating b e a m 
current. T h e improvement s p r o g r a m m e of the PS wi l l 
change some of these figures. It wi l l p robab ly not 
change the m a x i m u m stacked current, but it m a y 
reduce b y as m u c h as a factor 10 the number of pulses 
required to reach a desirable circulat ing current, and 
thus reduce the stacking t ime f r o m about one hour for 
the t w o rings to say 5 minutes. 

The r.f. system wi l l not b e required to p roduce 
unusual ly h igh accelerat ing vol tages , but the stacking 
process requires v e r y large vo l tage variations, f rom 
about 20 k V at the beginning of the accelerat ion d o w n 
to some tens of vol ts at the end. T h e accelerat ion must 
b e s l o w in order to make the stacking efficient, and 
the stability of the r.f. sys tem has to b e ve ry high. 
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Magnet Structure 

The main guiding fields of the t w o rings are p rov ided 
b y 264 magnet units. Superf ic ia l ly the magnets l o o k 
rather similar to the PS magnets . There are, however , 
a series of important differences. In particular, the 
magnet ring structure is bas ical ly rather different 
because of the strong superper iodic i ty (see the capt ion 
to Figure 2) of four imposed b y the necessi ty to de fo rm 
the rings to make them cross. T h e superper iodici ty is 
further amplif ied b y the need for ve ry long straight 
sections for exper imentat ion. M a n y possible magnet 
r ing structures w e r e thoroughly examined before the 
final cho ice was made. This lay be tween t w o w h i c h 
seemed almost equal ly good . One provides a 15° 
crossing angle be tween the intersecting beams and the 
other a 9° crossing angle. The fo rmer one has been 
chosen main ly on the grounds that it offers slightly m o r e 
f lexibi l i ty for the posi t ioning of exper imenta l equ ip 
ment . The structure is s h o w n in Figure 2. 

In a normal accelerator , the full aperture of the 
v a c u u m vessel is needed on ly at inject ion since the 
b e a m is focused to a smaller c ross-sec t ion as it is 
accelerated. But in the storage rings the particles are 
a l ready at full energy w h e n they are injected and w e 
have the ve ry strict requi rement that the g o o d field 
region in the magnets at m a x i m u m field must extent 
o v e r the w h o l e aperture, i.e. ove r 150 m m horizontal ly. 
This requirement has to b e met wi th f lux densities in 
the saturation region in parts of the magnet . Also , the 
same requirement must b e met wi th the magnet at 
m e d i u m field levels in order to b e able to do expe r i 
ments at energies b e l o w the m a x i m u m one. The 
solution chosen is to put heavy po le face windings on 
the magnets wi th m a n y possibil i t ies for current adjust
ment. This also enables us to change bo th the field-
gradient and the variat ion of the field gradient across 
the gap somewha t and thus to gain f lexibi l i ty in 

operat ing condit ions, w h i c h m a y b e of particular 
impor tance under condi t ions of space charge effects. 

Vacuum requirements 

The size of the v a c u u m chamber must be such as to 
a c c o m m o d a t e the full stack and any wigg les there m a y 
be on the orbits due to misa l ignment of the magnet 
units. T h e chamber must further leave some r o o m for 
the inject ion and the c learance b e t w e e n the inject ion 
orbit and the stacked beam. Dur ing the t ime be tween 
two fill ings (which it is hoped m a y b e as m u c h as a 
day) , there is also a small increase in the b e a m size due 
to scattering f rom the residual gas in the chamber . 
This also requires space. Taking all these requirements 
into consideration, w e have arr ived at an aperture of 
150 m m horizontal ly and 50 m m vert ical ly. 

A s descr ibed earlier the stacking process m a y take 
as long as an hour. Fur thermore , in order to have a 
g o o d utilization factor of the machine , the stacked b e a m 
should l i v e ' for a long t ime c o m p a r e d wi th the t ime it 
takes to p roduce it. This means that w e want a b e a m 
l i fe- t ime of the order of a day. In order to ach ieve 
this, a v e r y g o o d v a c u u m is required. (Valuable 
exper ience in this kind of ul t ra-high v a c u u m w o r k has 
been gained o n the e lect ron m o d e l p rov ided wi th a 
system evacuated d o w n to the order of 10" 9 torr.) This 
wi l l b e obta ined b y using an al l -metal system, baked 
out in situ, and p u m p e d b y t i tanium sputter and 
t i tanium subl imat ion pumps . 

In the interaction regions w h e r e exper imenta t ion wi l l 
be carr ied out, the p r o b l e m of background (protons 
interacting wi th molecu les of gas remaining in the 
v a c u u m vessel as opposed to pro tons in the o n - c o m i n g 
b e a m ) ' i m p o s e s even stricter v a c u u m requirements and 
c ryopumping suitable for these regions is being 

The various components of the ring are as follows: 

F focusing magnet 
D defocusing magnet 
P pick-up station 
V sector valve 

T Terwilliger quadrupole 
Q skew quadrupole 
S sextupole 
H horizontal field magnet 
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deve loped wi th the hope of reaching vacua of the 
order of 1 0 - 1 1 torr. 

Beam crossing regions 

W e have so far descr ibed h o w it is p lanned to stack 
v e r y high pro ton currents in the I S R and the ma jo r 
requirements this imposes on the var ious components . 
Bo th rings are fi l led in the same w a y and w e shall n o w 
have a closer l ook at wha t happens in the interaction 
region, in other w o r d s wha t the dev ice looks l ike to 
the physicists w h o wi l l carry out exper iments . 

W h e n the m a x i m u m current of 20 A circulat ing 
pro tons has been reached, each b e a m looks l ike a 
horizontal r ibbon of about 60 m m wid th and 10 m m 
height. These t w o r ibbons wi l l cross at 15°, thus 
fo rming a v o l u m e of 140 c m 3 wi th in w h i c h p ro ton -
pro ton coll is ions wi l l take place. In fact, taking a 
current of 20 A in each b e a m and a total p - p c ross -
sect ion of 4 x 10~ 2 6 c m 2 the interact ion rate inside such 
a v o l u m e is 10~5 per second. This is v e r y l o w c o m p a r e d 
wi th a f e w times 10 1 1 per second in a target at the PS, 
but is a reasonable rate w h e n cons idered as taking 
p lace in a detector fed b y a secondary b e a m f r o m 
an accelerator . For exper iments w h e r e the large 
m o m e n t u m spread of the full b e a m is a disadvantage, 
it w i l l b e poss ible to reduce this spread cons iderab ly 
and still have a w o r k a b l e interact ion rate. Fo r instance, 
w e cou ld w o r k wi th one tenth of the b e a m ment ioned 
above , w h e n w e w o u l d have on ly 0.2 °/o m o m e n t u m 
spread, and still have an interact ion rate of 10 3 pe r 
second. In this case there is the further advantage of 
hav ing reduced the v o l u m e wi th in w h i c h the col l is ions 
occur , in other w o r d s r educed the size of the source 
of the interactions. 

T h e v o l u m e can also b e r educed in other w a y s wi th 
less reduct ion of the interact ion rate, but invo lv ing 
less m o m e n t u m discrimination. W e shall not go further 
into this here. A further f lexibi l i ty w h i c h is envisaged 
is to change the crossing angle b y a sys tem of super
conduc t ing magnets . 

It is a round one o r m o r e of eight such crossing points 
that the exper imenta l equ ipment wi l l b e placed. T w o 
of these crossing points (number 1 and number 4) w i l l 
b e p rov ided wi th a cons iderable en largement of the 
tunnel width , in fact they wi l l serve as t w o expe r i 
menta l halls making r o o m for v e r y large exper imenta l 
equ ipment wi th assembly areas at tached as seen in 
Figure 3. A further descr ipt ion of exper iments and 
exper imenta l techniques is g iven on page 138 of this 
issue. 

Performance limitations 

One might ask wha t l imits the pe r fo rmance of the 
dev i ce to the figures quo ted above . It seems that the 
main l imitation m a y b e in the output characterist ics of 
the PS beam. A l though the improvemen t s p r o g r a m m e 
wi l l increase the total b e a m current f rom the PS, it is 
m u c h less l ikely to increase the phase space density 
appreciably . Consequent ly , it m a y not b e poss ible to 
reach m u c h higher s tacked b e a m currents, al though, as 
a l ready ment ioned, the stacking t ime wi l l b e reduced. 

T h e design a im for the total b e a m current is, in any 
case, so h igh that other l imitat ions m a y make t h e m 
selves felt, in part icular w h e n c o m b i n e d wi th the long 

l i fe- t ime required. For instance, if the b e a m neutralized 
itself (by p roduc ing an equal n u m b e r of negat ively 
charged electrons f rom the gas remaining in the v a c u u m 
vessel) the est imated space charge l imit w o u l d b e on ly 
around 10 A . Clearing devices to sweep the electrons 
away wi l l be incorpora ted so that the b e a m wi l l not 
neutralize and then the normal space charge limit w i l l 
m o v e to a b o v e 100 A . 'Resist ive wa l l instabilities' are 
serious and must b e avo ided ; Landau damping wi l l b e 
p rov ided through p roper shaping of the field. A l so the 
interaction of one b e a m on the other is be ing careful ly 
studied. T h e linear effect is not serious for the b e a m 
currents w e are talking about, but it is m o r e difficult to 
p r o v e that l ong - t e rm non- l inear effects wi l l not b e 
serious. L i fe - t ime exper iments w i t h non- l inear e x c i 
tation have been pe r fo rmed on the PS and computa t ions 
have been carr ied out on digital computers . Analy t ica l 
approaches have been tried, and scaling laws appl ied 
to the results coming f r o m the exper iments carr ied out 
on the e lectron rings at Stanford and Novosibi rsk . 

None of these investigations have g iven ev idence that 
w e shall b e in difficulties. S o m e g ive encouraging 
ev idence that w e can expec t long l i fe- t imes, certainly 
long enough to ensure successful exper imenta t ion on 
the ISR. It is nevertheless something of a p r o b l e m 
that c lear -cut stability criteria are v e r y difficult to 
find. 

In conclusion, the design pe r fo rmance figures as 
quoted seem feasible. W e are, howeve r , sufficiently 
near to basic l imitations that w e cannot count on m u c h 
better per formance . 

28 GeV Hall 

One aspect of the p ro jec t w a s ment ioned br ief ly 
earlier in the art icle: the role I S R wi l l p lay in facilitat
ing convent ional 28 G e V physics . A special 28 G e V 
hall w h i c h fo rms part of the projec t , wi l l about doub le 
the area n o w avai lable for exper iments at the PS . 
Pro ton beams can reach this area either direct ly f r o m 
the PS (via a by-pass tunnel go ing under the I S R 
tunnel) or via one of the storage rings. T h e advantage 
of going via the storage r ing lies in the great f lexibi l i ty 
in duty cyc l e for all desirable mean intensities. (After 
storing a b e a m in a ring, protons can b e spilled to an 
exper iment o v e r a long per iod of t ime or, at the o ther 
ext reme, a ve ry intense b e a m can b e spilled in o n e 
short burst.) T h e advantage of having the by-pass also 
is that protons f r o m the PS can b e b rough t to the large 
hall w h e n the I S R are running on col l id ing b e a m e x p e r i 
ments or are inopera t ive during installation of e x p e r i 
mental equipment , etc. 

Time schedule and cost 

The pro jec t is n o w w e l l under w a y . T h e prepara tory 
bui lding w o r k has gone on for s o m e t ime and the 
contractor for the main c ivi l engineer ing w o r k has been 
chosen. He starts w o r k i n g this summer on the site. 
Mode l w o r k and p ro to type construct ion is in progress 
for most of the I S R componen t s and detailed speci f i 
cations are be ing prepared to b e ready for tendering 
for most large i tems during 1967. The plans foresee 
the commiss ion ing of the dev ice in the midd le of 1971. 
The estimated cost is 332 mil l ion Swiss francs (at 1965 
prices) . 

129 



Preparatory Work 
The following section covers some of the preparatory work which has been done on the ISR 
project. It includes information on the major components of the storage rings (magnet , r.f., 
vacuum, b e a m transfer and site work) , research using the electron storage ring at C E R N , and 
storage rings e lsewhere . 

1. Magnet 
L. Resegotti 

The magnet system of the ISR is in principle similar to 
that of the CERN proton synchrotron but has some 
distinctive features because of the requirements of 
particle accumulation and of colliding beam experiments. 
In particular, the gradient of the magnetic field in the 
gaps is a linear function of the radial coordinate and is 
different in focusing and defocusing magnets, which 
form separate units. Also, the pole face windings, 
besides compensating for the effects of steel saturation, 
have to enable a wide variety of field conditions to be 
set up. 

The main ISR magnet is more than twice as long as 
that of the PS, but the construction programme requires 
it to be built in approximately the same time. Therefore, 
it was necessary to acquire the information for its design 
and to investigate materials and manufacturing methods 
at an early stage. It was also essential to ensure the 
interest and collaboration of manufacturers so that time 
schedules and budgets could be realistic. 

A preliminary survey of the European steelmakers 
revealed several who were prepared to supply very-low-
carbon steel sheet to magnetic specifications. Semi
automatic measuring equipment was prepared in the 
magnet laboratory at CERN and a large number of 
samples from seven firms have been measured. Although 
most of the satisfactory samples came from small scale 
tests rather than from the production plants, it became 
clear that the problem was generally understood. 

Considerable interest was found among the manu
facturers of large electrical machines for the construction 
of the magnets. Most of them favoured the use of large 
welded stacks of punched laminations (similar to the 
magnets of the AGS at Brookhaven) rather than small 
glued blocks; savings in cost and time are claimed. In 
order to gain experience with this method of construction, 
two full-scale model cores were built, corresponding to 
short magnet units, of the focusing and defocusing type 
respectively. 

The problem of the design of the magnet profiles also 
had to be faced at an early stage. Computer programs 
were developed which could solve the two dimensional 
magnetostatic problem to the required accuracy by the 
method of successive approximations and these programs 
were used to arrive at the shape of the pole profiles for 
the two models. 

In the production of the steel sheets, the influence of 
various treatments on the geometrical, mechanical, and 
magnetic properties was studied. The construction of 
the cores gave valuable experience on the problems of 
precision stacking of the laminations, of compensation for 
variations in thickness and of welding under pressure. 
The profiles of the dies had to be checked and adjusted 
with extreme care in order to meet the required tolerance 
of 0.01 mm. A measurable amount of twist appeared in 
both cores, but was within tolerable limits. 

A set of excitation coils and one of pole face windings 
were ordered, and a suitable power supply was installed. 
The experience obtained in constructing and mounting 
the pole face windings, which are a rather delicate item, 

Magnetic field measurements in progress on 
magnet model 2 for the ISR; the model is 
similar to magnet model 1 (pictured in CERN 
COURIER, vol. 5, no. 12 (December 1965) 
p. 192) but is a defocusing sector. The large 
coils which power the magnet can be seen 
running along its length (2.5 m). Construction 
and testing of the two model magnets have 
provided valuable experience for the final 
design. 
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Tests in progress on a model r.f. cavity for the 
storage rings. Six of these cavities will be 
used in each ring of the ISR to accelerate the 
protons from the orbit where they are injected 
to the orbit where they will be stored. The 
radio-frequency system in the ISR is different 
to that of a conventional synchrotron and 
preliminary work with the model cavity and its 
associated electronics is serving to develop 
the necessary techniques. 

lead to substantial improvements in the design. Tests on 
radiation damage for many types of insulating resins, 
which could be used for the pole face windings, were 
carried out at a reactor centre. The tests have lead to 
the rejection of some types of resin and have indicated 
others which will probably be satisfactory. 

The field distributions in the central part of the models 
were found to be in good agreement with the computed 
values. Also, end effects were measured at several 
excitation levels. These results provide the necessary 
guidance for the final design. In the near future, the 
two models will be mounted together on a girder and 
excited by a common coil, to simulate a long magnet unit 
of the storage rings. Methods of alignment will be tested 
and junction effects will be measured. Before the end 
of the year, all the information needed for the final design 
should be gathered. 

Design work is now moving onto the auxiliary lenses 
(quadrupoles, sextupoles, etc.) while the detailed study 
of the lay out of the whole system is continued. 

2. Radio-frequency system 
W. Schnell 

The purpose of the radio-frequency system is to 
accelerate the particles from the injection orbit to the 
stacking orbit where they are deposited by turning off 
the r.f. voltage. This stacking cycle is repeated every 
time a new set of particles is injected from the PS until 
a sufficient number of protons has been accumulated. 

Two different kinds of stacking schemes are possible 
and there will be provision for both at the ISR. In the 
first scheme, the position where the particles are 
deposited is changed by a small amount in successive 
cycles, until all the space available inside the vacuum 
chamber (about 60 mm) is fil led. In the second, the 
injected particles are always dropped at the same place. 
Those particles that have been deposited earlier are 
automatically displaced inwards an appropriate distance 
by the r.f. If the stacking process is conducted with 

maximum efficiency about 20 A of circulating current can 
be accumulated. 

The r.f. system differs rather substantially from that of 
a normal accelerator. At the beginning of each stacking 
cycle, a maximum total accelerating voltage of about 
20 kV per turn is required to give sufficiently rapid rates 
of acceleration so that the injected pulse will be stacked 
before the next pulse arrives from the PS. However, 
towards the end of the stacking cycle the voltage must be 
reduced to values below 100 V per turn, in order to cause 
the minimum of disturbance to the beam already stacked. 

This large variation of voltage, which has to be carried 
out in a smooth and well-controlled fashion, is all the 
more difficult to achieve as the r.f. cavities are heavily 
loaded by the accelerated beam. The latter problem is 
overcome by means of strong negative feed-back that 
makes the accelerating voltage virtually independent of 
beam-loading. 

A first high-power, full-size model has been built and 
tested. Full r.f. voltage has been achieved while the 
negative feed-back system has been working with full 
loop-gain. Difficulties encountered with higher order 
resonances in the loading capacitor of the cavity have 
been overcome by suitable design of the capacitor and 
by the use of ferrite that has little influence at the 
fundamental frequency of the r.f. cavity (10 MHz) but 
provides damping at higher frequencies. 

The mechanical design of a second model, intended 
to be the last prototype prior to construction of the actual 
ISR cavities, has been completed and construction of this 
model is about to begin. 

The requirements of precision, stability and freedom 
from noise of the low-power control systems for r.f. 
frequency and amplitude are rather stringent. The fre
quency may be generated either by a programming 
system alone or with the help of a phase-lock system 
similar, in principle, to the one used on the PS. But the 
use of phase-lock on the storage rings is complicated by 
the presence of the stacked beam and a method has 
been devised to overcome this problem. It involves 
leaving one or more r.f. 'buckets' empty to act as a 
marker. 
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A prototype frequency-programming system has been 
completed and has undergone static measurements of 
stability and noise which are found to be within the 
specified tolerance. Most basic parts of the amplitude 
programming system have been developed and develop
ment of the phase-lock electronics has started. So far, 
a prototype of the counting and frequency division unit 
that makes the phase-lock»system lock to a predetermined 
bunch has been built. 

3. Vacuum system 
E. Fischer 

Electron and proton storage rings require a much lower 
residual gas pressure than the conventional accelerators. 
While, for instance, the CERN PS works satisfactorily 
with a pressure of about 10~6 torr, the ISR require an 
average pressure around the rings a thousand times 
lower, namely 10~9 torr. Even the pressure of 10~9 torr 
is not sufficient for the interaction regions where it 
must be lower than 10" 1 0 torr and if possible about 

torr. 

At these very low pressures, colliding beam experiments 
should be possible for many hours, perhaps even a day, 
without refilling the rings. Then only a small fraction of 
the operating time of the PS will be taken away from the 
conventional experiments. 

It is usual to call the pressure range 10 - 9 torr and below 
'ultra-high vacuum'. Therefore, the whole vacuum system 
of the ISR has to be designed to use ultra-high vacuum 
techniques, which are distinguished from normal high 
vacuum techniques by two main features. Firstly, all 
parts of the ISR vacuum chamber must be heated under 
vacuum for one or two days up to 200 to 300° C in order 
to accelerate the release of superficially adsorbed gases 
from all the internal surfaces. Most of the heating 
elements and the thermal insulation required for this 
so-called' 'bake-out' will remain permanently in place. 
Secondly, no organic components can be used in the 
construction of the vacuum chamber. The well-known 

rubber O-rings will therefore have to be replaced by 
copper or gold gaskets in an appropriate sealing tech
nique. 

Also, the vacuum pumps will look entirely different from 
those of the PS. Although rotary pumps will probably 
be used when the pumping starts (pumping from atmo
spheric pressure), at lower pressures, the pumping will 
be taken over by titanium getter and getter-ion pumps. 
In these pumps the gases to be pumped are either 
chemically adsorbed on fresh layers of titanium (getter 
pumping), or, if they are inert gases, ionized and buried 
deep into surfaces (ion pumping). In both cases, the 
gases are immobilized and cannot return to the chamber. 
For the very low pressure in the interaction regions, 
additional cryopumps using liquid helium as refrigerant 
will be used. 

Considerable experience of the problems associated with 
complicated ultra-high vacuum systems has been gained 
on the CERN electron storage ring model (see page 135). 
Also laboratory tests have been carried out on titanium 
pumps of different design and from different manu
facturers and pumps have been found which give full 
pumping speeds down to 10~10 torr. Pressures as low as 
10~12 torr have been achieved with cryopumps. 

The vacuum vessel material has to have four major 
properties: its presence must not affect the magnet field 
configuration in the rings; it must have sufficient me
chanical strength to withstand the difference in pressure 
inside and outside the vacuum system; it must be 
reasonably easy to form and weld; it must have low gas 
desorption after bake-out. Samples of steel supplied by 
several firms have been tested in all these respects to 
choose the optimum material. Work has also been done 
on bellows, ceramic seals and different types of demount
able gold and copper seals. 

The most serious struggle during the construction of 
the ISR will be the fight against the old enemy of vacuum: 
leaks in welds and joints. It is worth remarking that the 
ISR, with a total length of vacuum chamber of two kilo
meters at a pressure of 10~9 torr, will be by far the biggest 
ultra-high vacuum system ever built in the world. 

Bake-out tests in progress on a prototype 
vacuum chamber. It is found that after bake-
out at temperatures of up to 300° C, the gas 
desorption from stainless steel is about 1 0 - 1 2 

torr litre/s/cm2. This can be improved by 
several orders of magnitude if the chamber is 
baked before installation at 800 to 1000° C. 
About 99 % of the desorbed gas is hydrogen. 



Construction of a service tunnel in progress at 
the beginning of June at the North East corner 
of the ISR site. Some of the existing CERN 
buildings can be seen in the background. 

4. Beam transfer 
B. de Raad 

The beam transfer group has the task of designing and 
supervising the construction of the transfer channels 
from the proton synchrotron to the storage rings and to 
the West hall, and of the fast injector magnets which will 
take the beams into the ISR. 

The transfer channels consist of quadrupoles and 
bending magnets of rather conventional design such as 
are used in the present beam lines from the PS. Their 
special interest lies in the large distances over which the 
beam must be transported, the complicated geometry of 
the beam lines and the high stability, together with 
flexibility, required from the magnets to avoid beam losses 
and to preserve the quality of the beam. 

The total length of the transfer channels is about 1.5 km. 
It is a truly three dimensional system since the level of 
the ISR beams is about 12 m higher than that of the PS 
beam (the new extension to the CERN site is about 20 m 
higher than the original site). Thus in the vertical plane 
the beam leaving the PS is first taken up across the line 
of the PS injector beam, continues horizontal on to the 
ISR site and then climbs again at an angle of about 6° 
near the storage rings, passing under the ring tunnel to 
inject from the inside of the rings. This adds compli
cations not only in the planning of the beam lay out to 
follow a curved path in three dimensions but also in the 
mechanical problems of magnet positioning and alignment 
which have to be as precise as in the rings themselves. 
For example, in some places magnets weighing some 
eighteen tons will have to be manoeuvred along inclined 
tunnels with no crane to help, and then set precisely in 
position on a slope of 6°. 

Since the fluctuations, in position and direction, of the 
beams that are injected into the ISR are required to be 
as small as possible, very high stability is required from 
all the bending magnets in the transfer channels. This 
involves current stabilities in the magnets of better than 
one part in 104. Also, especially in the beam lines shared 
between the ISR and the West hall (where the variety 
of beam conditions at present in use around the PS will 
probably be called for), it must be possible to change the 

magnet fields quickly. It is for this reason that a lami
nated construction has been chosen both for the bending 
magnets and the quadrupoles. 

Computer programs on the beam optics have been run 
for some time and the lay out of the transfer channels is 
now well under way. The regular feature of the lay out is 
the positioning of focusing and defocusing quadrupoles 
in sequence about 9 m apart along the entire length. 
The bending magnets are interspersed between the 
quadrupoles. The magnet aperture is dictated principally 
by the beam requirements of the West hall experiments 
where it can be expected that the full beam from the 
improved PS will be called for. Work has started on the 
design of the magnet power supplies. 

The injection system into the ISR is in principle the 
same as the fast ejection system of the PS, but there are 
some important differences. The fast kicker magnet must 
operate in ultra-high vacuum and must be baked out. 
This limits very seriously the choice of construction 
materials; the magnet is to be made of ferrite with titanium 
conductors and ceramic insulators. The pulse shape 
should be as rectangular as possible (to within ± 2 %) . 
In particular, no transients should occur when the main 
pulse is switched off, since this would affect the protons 
when they pass through the kicker for the second time. 

A lot of effort has been put into achieving this required 
pulsed shape. A long storage cable with an inner of 
copper and an outer of aluminium is being used. Proto
type inflector magnets have been made and are working 
quite well. 

5. General lay out 
F. Bonaudi 

The most prominent feature of the site available for 
the construction of the ISR is its elongated, narrow shape. 
Although the area (about 40 hectares) is adequate for the 
project as it is conceived at present, the width of the site 
created problems for the location of the rings. The 
position finally adopted for the machine (see Figure 3) 
just satisfies both the stringent requirements of the 
injection (which determines the geometry of the beam 
transfer tunnels between the PS and the ISR), and the 
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Figure 3. A detailed drawing of the ISR site (the shaded area is the land 
France made available for the construction of the storage rings). Note that 
position and size of the storage rings tunnel is somewhat obscured by th< 
shading; it can be identified by following the beam transfer lines from the PS 
The buildings marked on the drawing are as follows: 

R 
A1 to A8 
11 and 14 
E1 
SY 

P and C 
IVICR 
L 
W 
SW 
TT1 to 3 
TA 
TP1 to 4 
P1 
V1 to 8 
WT 

storage rings tunnel 
ancillary buildings 
experimental halls at two of the beam crossing regions 
West hall for 28 GeV experiments 
beam switchyard where beams are steered to experiments in the 
West hall 
power supplies for the main magnets, and water cooling plant 
ISR main control room 
laboratories 
workshops 
electricity sub-station 
beam transfer tunnels 
tunnel connecting ancillary buildings 
service tunnels 
bridge 
air conditioning rooms 
water tower 

Buildings under study include: E2 — an annex to the West hall; CB - a large 
bubble chamber area; a new injector for the PS, and the data handling and 
Buildings under study include: E2 — an annex to the West hall; CB - a large 

need for adequate shielding and road space on either 
side of the rings. 

The ISR will be housed in an underground circular 
tunnel of 300 m average diameter, 15 m wide and about 
7 m high. The width of the tunnel is determined by the 
fact that the two rings are housed together in it and their 
geometry (see Figure 2) is such that over considerable 
distances they are located a fair distance apart. Inde
pendent access corridors, equipped with shielding doors, 
lead to the intersections where colliding beam experi
ments can be performed. One intersection, I 4, is housed 
in an experimental hall (25 m wide, 70 m long, about 16 m 
high) which is a substantial enlargement of the tunnel. 
Another experimental hall, at intersection 11, is designed 
in a different way: the rings will travel through this 
experimental hall in a shielded enclosure made of mov
able blocks. In this way we will have maximum flexibility 
around the colliding beam region and experiments will be 
able to expand beyond the fixed width which a hall similar 
to 14 would otherwise have imposed. There is also 
extra width and height at two other intersections (I 2 and 
18) to accommodate experiments. 

The West hall for 28 GeV experiments which is located 
beyond the ISR ring, is 150 m long and 65 m wide. 

The proposed large hydrogen bubble chamber which is 
part of the PS improvements programme and other large 
chambers will be located in a complex of buildings at the 
far end of this hall. During the years 1968, '69 and '70 
the West hall will serve as the main assembly and test 
area for all the components of the ISR. 

The remainder of the ISR complex (equipment room, 
control room, workshop, laboratories and offices) is 
located to the South West of the rings as shown in 
Figure 3. 

Extensive investigation of the ISR site was carried out 
to determine the ground stability. Samples were taken 
at different depths and at different positions on the site 
and passed to experts in soil mechanics for analysis. 
The outcome of the investigation indicated that there may 
be vertical ground movements but they are not expected 
to be very serious though they may involve more frequent 
realignment of the machine than is necessary at the PS. 
In positioning the magnets, we are relying on ground 
stability to some extent but in addition are resting the 
magnets on concrete beams spanning sections of the 
rings. This should reduce the effects of any ground 
movements without being a very expensive solution to the 
problem. 
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The programme for construction of all the ISR buildings 
is spread over 3 years (mid 1966 to mid 1969). Top 
priority is being given to the ring tunnel itself, due to its 
complexity and size, and to the West hall which is 
required very early by the ISR construction team to do 
their assembly and test work. 

Preliminary site work on roads, drains etc. has been 
under way since last year. The main contractor for all 
the civil engineering work was appointed in May 1966 
and will begin work this summer. 

6. Storage ring model 
M. J. Pentz 

There was a common factor in the decision to build 
an electron storage ring 'model' and the later decision 
to build the ISR. It was essentially the large increase 
in the intensity of the proton beam accelerated in the PS 
which first opened up the prospect of adding a colliding-

beam facility and which also led the Accelerator Research 
Division to decide to construct a storage ring model. 

The model has been in operation for three years, and 
has acquired the name of CESAR (CERN Electron 
Storage and Accumulation Ring). It is not a direct model 
of the ISR itself, but was designed to provide experi
mental data on some of the basic processes of beam 
stacking that are essential to the efficient operation of 
the ISR. 

Since 28 GeV protons travelling on an orbit of radius 
150 m, lose hardly any energy by synchrotron radiation, 
the process of injecting and accumulating many pulses 
must involve acceleration of each injected pulse by a 
radio-frequency system as described on page 131. This 
is in contrast to the situation in a high-energy electron 
storage ring, in which there is an appreciable energy 
loss due to synchrotron radiation, which causes the 
electron orbits to shrink rapidly. One can then take 
advantage of the orbit shrinkage to shift each injected 
pulse of electrons away from the influence of the pulsed 
inflector or 'kicker' so that it is not perturbed by the 
'kick' that inflects the subsequent pulse of electrons. 
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A view of the electron storage ring model 
taken during the closing stages of its con
struction. It is possible to make out the shape 
of the ring with its bending magnets, focusing 
magnets, r.f. units, monitoring equipment and 
vacuum pumps. The line of the injected beam 
from the 2 MeV Van de Graaff can be seen 
entering bottom left of centre, passing under the 
ladder and travelling diagonally across the 
photograph to join the ring. 

Thus, one of the fundamental questions for a proton 
storage ring is: can the process of accumulating many 
pulses by r.f. acceleration and 'stacking' be carried out 
with high efficiency, that is, with little loss of particle 
density in the stacked beam, as compared with the density 
in the injected beam ? This question has been well 
studied analytically and numerically with the help> of 
digital computers. One can conclude from such studies 
that high stacking efficiencies should be attainable under 
certain conditions. CESAR was built to verify these 
predictions experimentally, and this it has done. 

In order to have similar conditions to those that will 
apply to the ISR, CESAR stacks electrons of low energy 
(2 MeV) in a ring of about 4 m radius, in which the energy 
loss by synchrotron radiation is negligible, as in the ISR. 

The first series of experiments on r.f. stacking in 
CESAR confirmed the theoretical predictions, but a 
number of unpredicted phenomena were observed, which 
are thought to be due to small random fluctuations, or 
'noise', in the r.f. programme, and these are now being 
studied in a second, more refined, series of experiments. 

There are two other problems in the design and oper
ation of storage rings, on which CESAR is able to 
provide useful information. One is the technological 
problem of producing the necessary very high vacuum 
in a complicated vacuum chamber. CESAR was designed 
for a pressure of 10~9 torr in order that the 2 MeV 
electrons (which are much more easily scattered than 
28 GeV protons by collision with residual gas molecules) 
should circulate for a sufficient length of time to allow 
a reasonable number of pulses to be stacked. At this 
pressure, the 'lifetime' of 2 MeV electrons is about 
2 seconds. By injecting 50 pulses a second, one could 
therefore hope to do beam stacking measurements with 
up to 50 pulses. 

In fact, we have surpassed the design aim, reaching 
pressures of as low as 4 x 10~10 torr, and stacking up to 
100 pulses. The practical experience gained in the 
development of an ultra-high-vacuum system for CESAR 
has undoubtedly contributed something to the confidence 
that we have about building the very much larger ultra-
high-vacuum system for the ISR. Moreover, the limit on 
the number of pulses that can be stacked is not so much 
the 'lifetime' as the stability of the 2 MeV Van de Graaff 
which serves as the injector for CESAR. The stability 
of the Van de Graaff has recently been improved by a 
factor of 100, and we now hope to stack up to 200 pulses. 

The other problem on which CESAR is expected to 
provide information is that of beam instabilities. When 
beams of charged particles circulate in a storage ring 
they can interact electromagnetically with each other and 
with their material environment — notably with the walls 
of the vacuum chamber and with their magnetic 'images' 
in the magnet structure. Under certain conditions, these 
interactions can cause the beam to 'blow up' either 
partially (causing loss of beam density) or completely 
(causing outright destruction of the beam). Beam 
instabilities of this kind have been observed in several 
accelerators and storage rings. Needless to say, they 
have aroused considerable interest, and have been the 
subject of a great deal of theoretical and some experi
mental study. 

In terms of our present understanding of the subject, 
none of these instabilities are expected to cause trouble 
in the ISR, given certain known and fairly simple pre
cautions. It will nevertheless be desirable to check 
these ideas experimentally and as thoroughly as possible 
with the storage ring model. The design of CESAR is 
such that many, if not most, of the known instabilities 
should occur, and it is planned to exploit this fortunate 
circumstance in a series of experiments this year and 
next. 
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There is a further question which experiments with 
CESAR may be able to elucidate, given a number of 
improvements in its design which are now being studied. 
This is the question of long-term stability. In several 
experiments envisaged for the ISR, it will be necessary 
to maintain a circulating beam, without serious loss of 
density, for periods of several hours. In that time, the 
protons will make something like 109 to 10 1 0 revolutions, 
travelling a distance more than double the distance from 
the earth to the sun. We would like to know whether 
there are any possible instabilities, characterized by 
extremely slow growth rates, that might manifest them
selves in such a long time. We do not know of any at 
present, but that does not mean that they will not occur. 
Indeed most of the known instabilities were observed in 
practice before they were thought of, let alone under
stood. 

There is, therefore, some interest in creating conditions 
in CESAR which would in a certain sense be comparable 
to those which can be predicted for the ISR. Since the 
circumference of CESAR is some 40 times smaller than 
that of the ISR, and since 2 MeV electrons have essen
tially the same velocity as 28 GeV protons (almost the 
velocity of light), electrons in CESAR would, in 5 minutes, 
make the same number of revolutions as protons in the 
ISR would do in about 3 hours. To achieve a beam life
time of 5 minutes in CESAR implies improving the 
vacuum by a factor of 40, reaching a pressure of 10~11 

torr. This will not be easy, and laboratory studies are 
now being made to see how it can be done. 

This, then, is the role of CESAR in relation to the ISR 
project. Like most experimental devices, CESAR pro
mises (or maybe 'threatens' is a better word for it) to 
raise more questions than it was originally designed to 
answer. We hope that it will also answer them. 

7. Storage rings elsewhere 
A. Schoch 

Reviewing briefly the work on storage rings that has 
been or is being carried out elsewhere we recall that the 
idea of doing experiments with colliding beams was first 
studied at 'MURA' (Midwestern University Research 
Association, USA). The MURA group — which produced 
many pioneering ideas in the field of accelerator tech
nology as well as outstanding contributions to the under
standing of accelerators — published a scheme for collid
ing beam experiments using two intersecting accelerators. 
At about the same time, G. K. O'Neill, from Princeton, 
proposed the use of storage rings filled from an inde
pendent accelerator. 

Further development of these ideas at MURA led to 
an ingenious special accelerator design, the two-way 
FFAG (fixed-field alternating gradient) accelerator*, and 
to the concept of 'stacking'. At Princeton, the idea of 
concentric intersecting rings, and of the delay line type 
of kicker magnet for beam transfer, emerged. The 
greater simplicity of the storage ring scheme in com
parison with intersecting accelerators was more apparent 

* The same type of design was arrived at independently by Kolowenski 
in the USSR, where col l id ing beam techniques were also under 
discussion. 

than real until the efficient transfer of beams between 
different accelerators became technically feasible. 

By the beginning of 1958, MURA proposed the con
struction of a two-way proton accelerator for 15 GeV 
This project, estimated to cost $85 million, did not find 
support and was later withdrawn. The technique of 
electron colliding beams already opens a wide field of 
very specific research problems at beam energies which 
can be handled by devices of more modest size. Con
struction of the first double storage ring for electron-
electron experiments at 2 x 500 MeV was started in a 
collaboration of Princeton and Stanford Universities. 
This was followed by a number of other electron devices. 
At Frascati, first a small single storage ring ('AdA') for 
electron-positron experiments at about 200 MeV was 
made and tested mainly at Orsay using the linear acceler
ator as injector. This was the first device in which 
collisions were shown to happen. A large electron-
positron ring for energies up to 2 x 1.5 GeV ('Adone') is 
now nearing completion at Frascati. At the Laboratory 
of Orsay, an electron-positron ring for 2 x 400 MeV 
('ACO') was brought into operation at the end of 1965. 
At Novosibirsk (USSR), two devices are operating: a 
double ring for 2 x 130 MeV electrons (in operation since 
1963), and a single electron-positron ring for 2 x 700 MeV. 
Another double ring for 2 x 100 MeV electrons has been 
constructed at Kharkov (USSR). 

These electron storage rings proved to be more difficult 
than had been anticipated. Apart from technological 
difficulties (mainly due to the need for ultra-high vacuum), 
the currents which could be achieved were limited by 
a variety of instabilities which were the main obstacles 
to the rapid progress of the experiments proper. Most 
of the instabilities were first discovered in these rings 
which, have therefore played, and are still playing, a 
pioneering role in the development of colliding beam 
experimentation. 

The most important limitations of beam currents, and 
consequently, of particle interaction rates, turned out to 
be due to: (a) forces between crossing beams, (b) inter
action between the beam and the vacuum chamber and 
(c) collisions between particles of the same beam. Last 
year, however, the first colliding beam experiments which 
are significant from the point of view of particle physics, 
were achieved at Stanford (2 x 300 MeV elastic electron-
electron scattering). Similar experiments published from 
Novosibirsk were done at considerably lower energy. 

New electron storage ring projects are under study at 
Stanford and at DESY. Physicists at CEA are working 
on an ingenious way of doing electron-positron experi
ments in the Cambridge Electron Accelerator itself. 
The energy which can be reached in these future projects 
is not far in excess of 3 GeV, because of r.f. power 
requirements to compensate for the energy lost by 
synchrotron radiation becomes excessive at higher 
energies. 

For proton colliding beams, a two-way accelerator using 
very high magnetic fields (greater than 100 kG) was 
proposed by the Novosibirsk group at the 1963 Conference 
on High Energy Acceleration at Dubna. It seems, how
ever, that this has been abandoned in favour of a device 
using more conventional magnet technology but, possibly, 
specializing on proton-antiproton collisions. 

137 



Experiments at the ISR 

Our present generat ion of part icle accelerators has 
revealed an entirely n e w w o r l d of sub-nuclear spec t ro
scopy w h i c h no one cou ld have anticipated w h e n the 
accelerators w e r e planned. B e y o n d this observed range 
of resonances and unstable particles, w h i c h is the limit 
of our present knowledge , a new, m u c h m o r e s imple 
w o r l d is expec ted w h i c h has been cal led the 'asymptot ic 
region' , since the scale of energy extends to infinity. 
It is be l ieved that k n o w l e d g e of this region might be 
the key to the understanding of sub-nuclear spect ro
scopy and that it might reveal more regular behaviour 
w h i c h wi l l be more easily understood. 

Bigger accelerators wi l l b e needed to obtain a full 
understanding of this region. But in the meant ime w e 
can get a g l impse at it, as if through a keyhole , b y 
means of the ISR. W e wi l l not have beams of jt-mesons, 
K - m e s o n s or other particles of higher energies; the 
coll isions be tween high energy pro ton beams wi l l be 
our only tool . Ye t this should g ive us a first insight 
into this n e w range of energy. 

There are a f e w burning questions w e can already 
ask which, reflect our present v i e w of this asymptot ic 
energy range. But w e might unearth some entirely 
n e w aspects w h e n research begins at the ISR, for 
nature has a lways p r o v e d r icher than our imagination. 

Before descr ibing some of the exper iments w h i c h 
are conce ivab le for the ISR it is wor th making a general 
remark to illustrate the scope of the exper imenta l 
possibilities. 

The so-ca l led 'strong' interactions be tween particles 
are characterized b y t w o important physical variables 
— the total energy of the col l iding system, and the 
' transverse momenta ' of the secondaries p roduced in 
the interaction. Exper imental ly , it is found that, up to 
the highest cosmic ray energies, the chance of observing 
a secondary part icle wi th a transverse m o m e n t u m 
higher than 300 to 400 M e V / c is ve ry small. Therefore, 
to study coll isions in w h i c h ve ry high transverse 
momenta secondaries are present demands ve ry high 
intensities. The I S R wi l l g ive only l o w numbers of 
collisions. Its scope is, in general, the study of p ro ton-
nucleon interactions at v e r y high energies — about 
56 G e V in the centre of mass system (c.m.s.), equivalent 
to a 1675 G e V b e a m on a stationary target — producing 
secondaries at quite small transverse momenta (say, less 
than 1 G e V / c ) . This is of course a rather general 
remark and a specific examp le contrary to it wi l l be 
g iven later. 

1. Elastic Scattering Experiments 

The simplest (and poss ib ly the first) exper iments 
for the I S R are those measuring pro ton-pro ton elastic 
scattering, p + p -> p + p. Measurement of the 
momenta and angles of the scattered protons is suf
ficient to identify the react ion kinematical ly. It may 

be supposed, a l though it is one of most interesting 
features of the exper iment to f ind out, that, even at the 
ve ry high energies available, the elastic scattering c ross -
section wi l l be a reasonable fraction of the total c ross -
section. If this is so, the elastic scattering exper iments 
are b y far the easiest w h i c h can b e considered. 

Informat ion on e lementary particle scattering says, 
roughly speaking, something about the size and charac
ter ('hard' or 'soft') of the col l iding objects . M o r e 
specifically, measurements of angular distributions and 
the energy dependence of the scattering, together wi th 
some theoretical ideas, g ive some clue as to the 
mechan i sm of the scattering process . 

A t energies in the G e V range, p - p elastic scattering 
is largely diffraction or shadow scattering caused b y 
the strong absorpt ion of the pro ton waves b y the m a n y 
possible inelastic or p roduc t ion processes. The angular 
distribution of diffraction scattering is ve ry sharply 
peaked in the fo rward direct ion so that most of the 
scattering is concentra ted in a ve ry na r row cone, the 
wid th of w h i c h is related to the size of the interacting 
system. A t the G e V energies so far exp lo red (up to 
about 8 G e V c.m.s.) a rather small part of p - p scattering 
appears to be caused b y a potential or bil l iard ball type 
of behaviour . 

T h e physical interest in p - p scattering lies in the 
detailed shape of this fo rward diffraction peak, its 
variat ion wi th energy, and the w a y in w h i c h the 
potential type of elastic scattering changes wi th energy. 
Observat ions of p - p scattering at CERN in 1961-62 
showed a ve ry characterist ic feature of the diffraction 
peak, namely that its w id th decreased wi th increasing 
energy. The 'shrinking' of the diffraction peak s t imu
lated great interest bo th theoret ical ly (Regge poles) and 
exper imenta l ly (many elastic scattering exper iments 
subsequent ly done) and the ISR offers the possibil i ty to 
exp lo re the p h e n o m e n o n to ex t remely high energies. 

The potential type of scattering is studied b y measur 
ing its interference wi th C o u l o m b scattering. This is 
possible on ly at ve ry small angles whe re C o u l o m b 
scattering is strong. The angles of interest even at the 
ve ry high energy of the I S R are still quite reasonable 
f rom the exper imenta l point of v i ew. It is in fact one 
of the merits of the stationary centre of mass system 
that the interesting angular range is not restricted to 
imposs ib ly small angles as w o u l d be the case for a 
convent ional stationary target exper iment at equivalent 
centre of mass energy. 

Having measured p - p scattering at high energies, 
one is a lways interested to compare the behaviour wi th 
that of the pro ton-neut ron system. This should b e 
possible wi th the I S R p rov ided that deuterons can b e 
accelerated in the PS and transferred to the ISR. F r o m 
the exper iments it should b e possible to deduce the 
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behav iou r of the p - n interact ion assuming that the p - p 
interact ion is known . 

T h e elastic scattering measurements w o u l d use 
several kinds of detectors . For the v e r y smallest 
angles, in the C o u l o m b interference region, matr ices o f 
sol id state detectors inside the v a c u u m chamber of the 
mach ine w o u l d b e conce ivab le . For rather larger 
angles, the study of the shape of the diffraction peak, 
w i r e spark chambers w o u l d seem to offer the best 
possibi l i ty wi th respect to prec is ion of part icle locat ion 
and speed of operat ion. A n array of bo th kinds of 
detectors connec ted on l ine to a compute r should a l l o w 
the measurement of the comple te elastic scattering 
angular distr ibution up to t ransverse momen ta of about 
1 G e V / c . 

T h e total p - p and p - n cross-sect ions could , in p r in 
ciple , b e deduced f rom the measured smal l -angle scat
tering using a general quan tum mechanica l theorem 
cal led the optical theorem. H o w e v e r , this w o u l d still 
entail some assumptions, and subsidiary scintillation 
counter exper iments observ ing the loss of particles 
f r o m the interaction region w o u l d g ive direct measure 
ments of the total cross-sect ions. T h e energy variat ion 
o f the p - p and p - n total c ross-sec t ion is of fundamental 
interest in connec t ion wi th some general current 
theorems about the asymptot ic nature of strong inter
act ions. 

2. Particle Spectroscopy 

W h e n t w o protons col l ide they m a y shake each other 
so v io lent ly that n e w part icles are l iberated f rom them. 
This phenomenon is cal led part icle product ion . A l l the 
k n o w n sub-nuclear part icles w h i c h can feel s trong 
interact ion forces m a y b e created in this w a y . One 
m a y think of this process as the stripping off of part 
of a c loud f rom the protons . Light particles, the 
j t-mesons, are rather easy to shake off; energies of 
a round 140 M e V are sufficient. T h e y are the c o n 
stituents of the r im of the c loud . Other particles are 
p roduced in pairs, for e x a m p l e K - m e s o n s and anti-
K - m e s o n s plus hyperons . If the col l is ion energy is 
raised higher, pairs of nucleons , for instance a p ro ton 
plus an antiproton, can also b e p roduced . Such a pair 
of particles is v e r y heavy, and an avai lable energy of 
2 G e V is required to create them. T h e y c o m e f rom the 
v e r y heart of the c loud. 

This p h e n o m e n o n of par t ic le p roduc t ion is then 
int imately connec ted wi th the structure of the pro ton 
and observat ions of the part icles w h i c h are created in 
such coll isions, of their relat ive abundance and energy, 
their angular distribution and their possible correlat ions 
wi th each other, gives us some informat ion about the 
arrangement and dynamics of this c loud w h i c h cons t i 
tutes the stable proton. 

Eve ry t ime a n e w energy range has opened up for 
part icle physics , one of the first things to b e invest igated 
has been the p roduc t ion of particles. This has been 
done at the 28 G e V C E R N PS and at the 33 G e V 
B r o o k h a v e n A G S and the overa l l pattern obse rved at 
these energies can b e d r a w n quite s imply : as a p ro ton 
is shaken more and m o r e violent ly , increasing numbers 
of j t-mesons are str ipped off. One cou ld have imagined 
that instead of m o r e and m o r e ;t-mesons, f ewer heavier 

particles cou ld b e created. This is not found at cu r 
rently avai lable energies. The col l id ing protons rather 
separate off and f ly a w a y wi th their c louds exc i ted to 
higher energy and f inally return to their normal state 
b y emitt ing some jt-mesons. In such coll isions ve ry 
little of the avai lable energy goes into part icle p r o 
duction. Somet imes , howeve r , t w o col l iding protons 
share the w h o l e energy of the col l is ion and f o r m for a 
brief t ime something l ike a v e r y hot droplet . Then 
heavy particles are created also and boi l off f rom the 
droplet . 

The picture w h i c h has been d r a w n here has in fact 
been der ived f rom observat ions of the stable particles 
w h i c h surv ive long enough to b e detected. T h e main 
key to this is a spec t roscopy of the f requency of par 
ticles of different mass. It is go ing to b e ve ry inter
esting to car ry this study to the higher energies 
avai lable at the ISR. 

3. A Weak Interaction Experiment 

The exper iments so far discussed have been concerned 
wi th strong interactions. T h e large energy avai lable 
at the ISR suggests a search for an elusive ob jec t cal led 
the intermediate vec to r boson , W, supposedly the 
carrier particle, or field, of the w e a k interactions. 
High energy neutr ino exper iments at CERN and B r o o k -
haven have searched for this ob jec t wi thout success 
and their negat ive results suggest that, if the boson 
exists at all, its mass is greater than about 1.9 GeV. 

A n interesting p roper ty of the hypothet ica l W is that 
its strength of interact ion depends on its mass. Hence, 
if bosons do exist wi th v e r y high mass they might we l l 
b e c o m e readi ly obse rvab le p r o v i d e d enough energy is 
avai lable to p roduce them. 

A possibil i ty, then, is to search for W p roduct ion in 
p ro ton-pro ton coll is ions wi th energies up to 56 G e V 
c.m.s. at the ISR. T h e me thod of detect ion of the 
W relies on observ ing its decay into a m u o n and a 
neutrino. Muons arising f rom the decay of pions and 
kaons tend to emerge f rom the interaction region at 
small angles, fo l lowing the trajectories of their parent 
particles wh ich , as w e remarked earlier, have small 
transverse momenta . T h e decay of a ve ry massive, 
s lowly m o v i n g particle, l ike the W , cou ld give, however , 
muons emerging wi th h igh m o m e n t a at rather large 
angles and the exper iment w o u l d re ly on this to 
separate the W decay muons f r o m the rest. 

The exper imen t w o u l d use scintil lation counters and 
spark chambers to l o o k for muons of high transverse 
momenta penetrat ing a thick shielding wa l l around the 
ISR interaction region. Yie lds of w i d e angle muons 
studied as a funct ion of incident m o m e n t u m could then 
g ive some hint as to whe the r or not the W exists. 

The Experimental Conditions 

A t the present accelerators, detectors have been used 
to make measurements at different angles around a 
target w h i c h is b o m b a r d e d wi th protons. A b e a m of 
accelerated protons is b rough t to one of the expe r i 
mental halls and directed onto a target of l iquid 
hydrogen . In this situation, the detect ion equipment 
could b e put even at 0° , a reg ion w h i c h for an internal 
target is obstructed b y the accelera tor magnet units. 
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The energy of the resulting part icles is selected b y a 
magnet ic field, and part icles of different mass have 
different veloci t ies w h i c h can b e measured b y Cerenkov 
counters or s imply b y their t ime of flight. 

A t the I S R the situation is quite different and more 
compl ica ted . One b e a m is the target of the other and 
the coll is ions to b e studied occu r inside a v a c u u m 
vessel. Special care has been taken to p rov ide enough 
free space be tween the magne t units at the 8 inter
section points of the t w o beams. But the immedia te ly 
fo rward direct ion is not accessible for magnet ic fields 
w h i c h cou ld sweep part icles out, s ince this w o u l d also 
disturb the circulat ing protons . 

The pro ton beams also co l l ide wi th the gas w h i c h is 
left in the v a c u u m vessel . Even at 1 0 - 1 1 torr the gas 
densi ty (the number of a toms per c m 3 ) is comparab le 
wi th the densi ty of the target beam. M o r e o v e r the 
beams cross ove r a length of some 20 cm, wh i l e the 
gas is present all a round the rings. 

H o w are w e to dist inguish a part icle created in a 
b e a m - b e a m col l is ion f rom those m a d e in beam-gas 
coll is ions ? There are several possibilit ies. W e can 
use a detector w h i c h can 'see' on ly the region of b e a m -
b e a m interaction, or w e can record the tracks of par
ticles in spark chambers and reconstruct their origin 
f r o m the spark chamber readings. Also , condi t ions 
can b e imposed on the part icles to b e r ecorded so that 
their energies add up to values w h i c h are imposs ib le 
f r o m beam-gas col l is ions. T h e detect ion apparatus 
cou ld then, in pr inciple , b e quite similar to the ones 
used at present accelerators . Of course it has to cove r 
a m u c h w i d e r range of angles, because the col l iding 
protons are not pushed into one c o m m o n direct ion as 
in the case wi th targets at rest. 

Formidab le detectors wi l l have to b e buil t to c o v e r 
the w h o l e angular reg ion around the b e a m crossing 
points. Ang le s and energies of all part icles have to b e 
de termined and also their mass. These detectors wi l l 
g r o w to" the size of our b iggest bubb l e chambers and yet, 
as opposed to the b u b b l e chambers , they have to select 
in some w a y the Interest ing ' events. Mos t p robab ly 
they wi l l b e a combina t ion of wi re - spa rk chambers and 
magnet ic fields using a compute r on- l ine to select and 
record the events. 

Wha t can w e expec t to f ind in this n e w energy 
range ? Is there anything w e cou ld anticipate o r 
imagine ? Can a l o o k at the data f rom cosmic ray 
exper iments help us ? If the diffraction pattern in 
elastic scattering cont inues to shrink, as discussed 
above , this cou ld have its or igin in some changes in the 
p roduc t ion phenomena . S o m e unstable part icle clusters, 
guessed at f rom cosmic ray exper iments and christened 
'fireballs ' , cou ld b e effect ive in p roduc ing part icle ' jets ' 
in a characterist ic w a y . 

One of the s implest interactions invo lv ing unstable 
states is the process p + p -> p + N* w h e r e N* is an 
exc i ted nucleon. This has been studied quite ex ten 
s ively at C E R N and B r o o k h a v e n wi th rather s imple 
exper iments detect ing the inelastically scattered pro ton 
only . F r o m measurements of the m o m e n t u m and 
direct ion of the proton, conservat ion of ene rgy a l lows 
us to deduce the mass of the unobse rved N* (this has 

a l i fet ime for decay into a nuc leon and p ion of about 
10~ 2 3 s). Wi th the ISR, s imple detect ion of the single 
scattered pro ton is p r o b a b l y not enough as its m o m e n 
tum difference f r o m elastically scattered protons is 
ve ry small (about 20 M e V / c ) . Hence some informat ion 
on the decay of the unstable state is needed. T h e 
process then appears in the simplest class of je t events 
in w h i c h a ve ry h igh energy pro ton is detected in c o i n 
c idence wi th a rather s imple je t configurat ion (Njt o r 
NJTJT for example ) . 

The exper imenta l p r o g r a m m e on this type of react ion 
w o u l d a im to s tudy the energy and angle dependence 
of the cross-sect ion for p roduc ing the var ious N * states. 
T h e details of these variat ions are of interest as they 
m a y b e expec ted to depend on the quantum numbers 
of the states. M o r e specif ical ly, it is expec ted f rom 
certain general ideas of strong interactions, that those 
N * states wi th quan tum numbers differing least f r o m 
those of the nuc leon wi l l b e exc i ted most strongly. 
This idea is of cons iderable impor tance and it is 
necessary to test it at the highest energies. 

In the p roduc t ion of stable particles there might b e 
n e w phenomena . The produc t ion of the ' cheap ' 
j t-mesons m a y no longer d a m p so strongly the p r o d u c 
tion of m o r e mass ive states such as nuc leon pairs. 
A l s o new, as yet unknown , m o r e massive particles m a y 
b e p roduced . 

This is the k ind of phys ics for w h i c h w e have to b e 
prepared. 

Yotre 
maison de confiance pour 

Photocopies — Appareils d'eclairage et 
dispositif de developpement - Papiers 
pour photographies - Installations pour la 
photocopie. 

Heliographie — Appareils d'eclairage et 
machines a developper - Nouveaute: 
H£LIOMATIC, machine a heliographier 
avec VARILUX permettant de faire varier 
la puissance d'eclairage - Papiers pour 
aeveloppements a sec et semi-humides. 

Bureau-Offset — Machines-offset et 
plaques-offset presensibilisees OZASOL. 

Dessins — Machines a dessiner JENNY 
et combinaison de dessins - Papiers a 
dessin (papiers pour dessins de details), 
listes de pieces, papiers transparents (a 
calquer), papier pour croquis. 

Meubles pour serrer les plans — «Sys-
teme a suspension, a soulevement et a 
abaissement». 

Installations de reproduction pour helio-
graphies, impression de plans, photo
copies, travaux de photographie tech
nique, reductions, agrandissements, tra-
vaux de developpement de microfilms. 

O Z A L I D Z U R I C H 
Seefeldstrasse 94 - Tel. (051) 24 47 57 
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NANOCOUNTER™ 100 is a 100 Mc Dual Counter/Sealer. Nothing else commercially available touches it 
for advanced design, high performance or reliability. Despite this, it carries a price tag comparable to scalers 
having one-tenth its speed. There are few "standard" options (serial readout is one) because the design 
already incorporates virtually everything required for individual or system use. It's today's counter/sealer. 
It just seems like tomorrow's. 

MODEL 109 is a NANOLOGIC™ 100 Mc Dual Prescaler. It rejuvenates 10 Mc and 1 Mc scalers by enabling 
them to count at high speed. Each section is a true decimal decade preceded by an amplifier-discrimina
tor front end; DC-coupled input. Put 100 Mc in (any waveform, 2 nsec or wider) and get 10 Mc out; pulse-pair 
resolution is better than 10 nsec. Cascade the two sections and get 1 Mc out with 100 Mc in. 

Got a 10 Mc or 1 Mc scaler and a 100 Mc scaler application? Buy NANOCOUNTER . . . or MODEL 109. 

Complete specs or a demonstration? Certainly — at once. Please write or 'phone. 

CHRONETICS considers as our own any problem of nuclear instrumentation you care to present to us. A lot of people have 
found it useful to let us help. Please feel free; you're more than welcome. 

U.S.A.: 500 Nuber Avenue Mt. Vernon, New York (914) 699-4400 T W X 710 560 0014 
Europe: 39 Rue Rothschild Geneva, Switzerland (022) 3 1 8 1 80 T E L E X 22266 
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New Reliability 
in Nuclear Instrumentation 
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from Hewlett-Packard 
Over 14 years of extensive exper ience in digital 
instrumentat ion, part icularly electronic counters, 
was used in developing these first nuclear instru
ments f rom Hewlett-Packard. They are the begin
ning of a complete instrumentat ion program for 
detect ing, count ing, displaying, and record ing 
nuclear events. 
Advanced hp circui t des ign, components , and 

manufacturing technique offer you signif icantly 
increased reliability. Also, packaging concepts 
new to the nuclear instrumentat ion field give you 
more flexibil ity in combin ing individual units for 
specif ic appl icat ions. 

Here, in block diagram form, are the new 
Hewlett-Packard instruments: 

Not ice that a complete scinti l lat ion detector is in 
one unit, single channel analyzer/scaler- t imer 
funct ion in a second, whi le a third provides stable 
driving voltages. Both the single channel analyzer 
and the sealer-t imer are in a single hp module. 
The detector includes Nal (Tl) crystal and photo 
multiplier tube plus amplif ier. 

THREE SCALER-TIMERS OFFER BROAD VER
SATILITY 
5201L — A sealer-t imer with a single channel 
pulse height analyzer (ideal for differential gamma 
ray analysis) 
5202L — A sealer-t imer with an integral d isc r im
inator for growth count ing. 
5203L — A scaler without t imer. Can be manually 
operated, externally gated or slaved to a 5201L 
or 5202L 
Both the 5201L and 5202L wil l totalize counts, 
count for a preset t ime or register t ime for a pre

set count. All three instruments have a multiple 
pulse resolut ion of 200 nsec and are available 
with a choice of BCD outputs (+1-2-4-8) or 
(+1-2-2-4). 

SCINTILLATION DETECTORS 
(3x3 or 2 x 2 inch; sol id or well) are extremely 
stable, well sh ie lded units which feature high 
resolution combined with focus contro l . Premium 
selected crystals and photo multipl ier tubes are 
integrated in these detector assembl ies. In add i 
t ion, sol id state amplif iers are inc luded which 
have gain and pulse shaping capabil i ty to drive 
direct ly into a single channel analyzer. No add i 
tional linear amplif ier is necessary. 
The 5551A is a stable, highly regulated supply 
offering an output of 170 to 1615 volts. 
For maximum reliability in va lue-pr iced nuclear 
instrumentation call your Hewlett-Packard Field 
Office. 

HEWLETT PACKARD 

European Headquarters 
Hewlett-Packard SA 
Geneva, Switzerland, Tel. (022) 4281 50 

Switzerland 
Hewpak AG 
Schlieren, Tel . (051) 98 18 21 

Belgium 
Hewlett-Packard Benelux S.A. 
Brussels, Tel . 11.22.20 
England 
Hewlett-Packard Limited 
Bedford, Tel . 6.80.52 

France 
Hewlett-Packard France 
Paris 13e, Tel. 707.97.19 

Germany 
Hewlett-Packard Vertriebs-G.m.b.H. 
Frankfurt a.M., Tel . 52.00.36 

Holland 
Hewlett-Packard Benelux, N.V. 
Amsterdam-Z, Tel. 42 77 77 

Italy 
Hewlett-Packard Italiana S.p.A. 
Milan, Tel . 69.15.84/5/6 

Rome-Eur, Tel. 591.25.44-5 

Sweden 
HP Instrument AB 
Solna, Tel . 83.08.30 
Goteborg, Tel. 27.68.00 
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OUR SOLUTION FOR YOUR PROBLEM LIQUID 
SCINTILLATORS 

NE 5560 Liquid Scintillation Tank of 500 litre 
capacity completed for France 

NE 8307 Liquid Scintillation Spectrometer 

W e prov ide the g r e a t e s t v a r i e t y of sc int i l la tor so lu t ions avai lable today . For o v e r a d e c a d e 
scient ists t h r o u g h o u t the w o r l d have chosen Nuclear Enterprises sc int i l la tors t o solve their rad ia t ion 
coun t i ng prob lems. The range is be ing con t inua l l y improved and ex tended. 

FOR NUCLEAR RESEARCH FOR BIOLOGICAL & MEDICAL INVESTIGATIONS 
The versatility of liquid scintillators provides 
an excellent means of approaching many 
problems in nuclear research. 

NE 211: Standard liquid scintillator. 
NE 224: High flash point, very high light 

output (80% Anthracene), and 
excellent light transmission. 

NE 213: For fast neutron detection in the 
presence of gamma radiation 
using pulse shape discrimin
ation techniques. 

NE 223: Decalin based, for use in 
Perspex cells. 

NE 228: High hydrogen content for 
neutron studies. 

NE 226: "Hydrogen-free"; insensitive 
to neutrons. 

Loaded NE 313 and 323: Gadolinium 
Liquids: loaded for neutron spectro

metry. 
NE 311, 311A and 321 A: Boron 
loaded for neutron detection. 
NE 318: Lithium loaded for 
neutron detection. Cd, Pb, Sn, 
Sm. Si and In loaded scintillators 
also available. 

To meet the rapidly growing demands of biologists, health physicists, and chemists in the 
field of internal counting we offer a comprehensive range of scintillators to use with 
Automatic Sample Counters and Manual Spectrometers. (See illustration). 

NE 240: A new dioxane based scintillator for aqueous samples with twice the 
capacity for water compared with N E 220. It accepts 20% of an aqueous 
sample and has an improved light output (67% Anthracene). 

NE214: A new xylene based scintillator with improved light output (82% 
Anthracene). 

NE 213: Standard liquid scintillator with a xylene base for general internal counting 
applications. 

NE 220: Liquid scintillator with dioxane base for incorporation of aqueous samples. 

NE 221: Gel scintillator for suspending insoluble samples or incorporating aqueous 
suspensions. 

NE 215: This scintillator based on monoisopropylbiphenyl is non-volatile, and has 
proved valuable for counting of material on filter paper. 

FOR SPECIAL NEEDS 
Scintillators can be supplied to meet very special requirements, either unloaded or 
loaded with such metals as Bi, Eu, Ho, La, Pr etc. 

Full details of all scintillators and associated electronic equipment available on request. 

N U C L E A R E N T E R P R I S E S (G .B . ) L T D . 
Sighthill, EDINBURGH 11, Scotland. Tel: CRAiglockhart 4060. Cables: 'Nuclear Edinburgh9 

Canadian Associate : Nuclear Enterprises Ltd., 550 Berry Street, Winnipeg 21. 
U.S. Representative: Nuclear Enterprises Division, h-nu systems inc., 470 San Antonio Road, Palo Alto, California. 
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ADJUSTABLE DELAY LINE 

TWIN DELAY LINE TYPE 701 offers: 

— Two independent delay circuits 

— Digital delay selection 

— Single steps of 1 ns 

— Maximum adjustable delay 99 ns 

— Negligible damping 

— Reflection loss smaller than 5 % 

— Remote Control 

Other products : 

FAST SCALER types 601-613, resolution corresponding to 
2,20 or 100 Mc/s, 6 or 8 decades per scaler, binary or decimal 
display, built in power supply and automatic readout faci l i t ies. 

READOUT LOGIC 630 Control unit for automatic readout up 
to 98, 6 or 8 decades - scalers. 

DRIVE UNIT 642 Simultaneous control of recording instruments 
such as output writers, tape perforators etc. 

PARAMETER UNIT 650 For insertion of ident i f icat ion and 
information to be read out together with the scaler contents. 

OUTPUT WRITER 494 with typing head. Operates at an output 
speed of 14 characters/s. 

HIGH SPEED TAPE PUNCH 493 for 110 characters/s, self 
contained power supply. 

T A P E R E A D E R 495 f o r 10 c h a r a c t e r s / s . 

Wr i te or phone for more details. 
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FROM 1 r s t OF APRIL 1966 

100 Mc COUNTER, DECIMAL VERSION-SEN 136 
- Size and readout circuits compat ib le with standard SEN 

123 scaler (CERN 3009) 
- Frequency range: zero DC to over 100 Mc (countinuous 

and aperiodic rates) 
- Better than 10 ns tr iple pulse resolut ion 
- Minimum input pulse w id th : 2 ns 
- Input impedence: 50 or 75 Ohms 
- Adjustable input threshold from 350 mV to 1,5 Volt 
- Input circuit protected against overloads 
- Capaci ty: 10 6 

100 Mc COUNTER, BINARY VERSION-SEN 194 
- Same general character ist ics as the SEN 176 counter 
- Straight binary output for efficient operation with "on line' 1 

computers 
- Capaci ty : 2 n 

BUFFER MEMORY-, SEN 400 
- Allows recording of several events during each burst of 

accelerators 
- Provides most efficient use and considerable economy of 

magnetic tape 
- Capaci ty : 1024 words of 24 bits 
- Compatible with SEN standard counting systems 
- Standard chassis for 19" rack 
NEW LINE OF MEMORY MODULES SOLVING SPECIFIC 
NEEDS OF PHYSICISTS. 

NEW ADDRESS 

31, av. Ernest-Pictet Geneva Switzerland 



New 
Vac Ion 
Pumps 

vanan 

Here are the new Vaclon® Pumps with speeds of 
140 l/s, 270 l/s, 500 l/s and 1000 l/s. 
The new control units start these pumps twice as fast as older pumps 
and deliver more power for faster pumping at high pressure. 
The large diameter anode cells and new magnets, 
which are bakeable to 400 °C, 
provide more speed at low pressures and faster bakeout cycles. 
Please contact 
Varian AG, Baarerstrasse 77, 6300 Zug, Switzerland, Tel. (042) 4 45 55 
for data sheet Vac 2227 describing the new pumps. 

High VACUUM Components 
immediately available from Zurich stock 

Precision electr ic 

Ovens and Furnaces 

Heating and drying ovens, incubators, tube furnaces 

QUARTZ Tubes made of Heralux 
from our Zurich stock. 
Articles for Laboratories 
and optics made of quartz 

Sole agency for Switzerland and Liechtenstein 

Wismer AG 
Oerl ikonerstrasse 88 
8057 Zurich 
Te l . 051 46 40 40 



Counting Happiness 

Two new modules further increase capability of EG&G's M100 system. 

NEW T101 DISCRIMINATOR/TRIGGER HAS 1 0 0 % DUTY FACTOR 
OPERATION This unique new unit eliminates deadtime so you can 
(1) achieve noise rejection on veto (anti-coincidence) channel without 
compromising 100% efficiency (only limitation is detector resolution) 
and (2) have no multiple-pulsing on long inputs. If you wish 50% 
duty factor, it takes only the flick of a switch. Of course, the new T101 
provides the same accurate, stable, continuously-variable threshold 
that helped make our T100A Discriminator so popular. 

NEW TD101 DIFFERENTIAL DISCRIMINATOR (SINGLE-CHANNEL 
PULSE-HEIGHT ANALYZER) For the first time you can have a fast 

"single-channel analyzer" function available in one module at lower 
cost. The TD101 can also be used as a complete "slow-fast" logic 
channel at a flick of a switch. The TD101 has accurate, stable, con
tinuously-variable thresholds and the same 100% Duty Factor 
capability as the new T101. 
Illustrated application notes and specifications on these two new 
modules, as well as the other 25 in the Ml00 Counting System are 
available. Write: EG&G, Inc., Salem Laboratory, 35 Congress Street, 
Salem, Massachusetts 01970. Phone: (617) 745-3200. Field offices: 
Chicago, 111., Phone: (312) 237-8565; Palo Alto, Cal., Phone: (415) 
327-8328. Representatives in foreign countries. 


