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1. General Description

At the last International Accelerator Conference in 1965 at
Frascatis; I was very happy to be able to announce that the CERN
Council had a few months earlier approved in principle the plan to
construct a set of proton intersecting storage rings (ISR) attached
to the CERN proton synchrotron. The Council followed this up by
allocating in December of the same year the funds necessary for the
construction. This project is therefore now about 1 1/2-2 years
into the construction period. The responsibility within CERN for
this project lies with the ISR Construction Department, which was
specially formed for this purpose, but which is effectively a
continuation of the former Study Group. It has grown from about

60 people two years ago to 175 now.

Almost everybody at this conference is acquainted with the
project from various descriptions given at earlier conferences.
Neverthelessy for the benefit of the newcomers and for those who

have forgottens; I will start by a very short general description.

The great interest in colliding beam devices lies in the very
high attainable interaction energy. The CERN-PS delivers protons up
to 28 GeV. Head-on collisions between such protons would mean 56 GeV
C.M. energy, whereas the same protons against a stationary target
would only give 7.5 GeV c.m. energy. To reach 56 GeV c.m. energy
with an ordinary accelerator would require an accelerator energy of

more than 1600 GeV.

A simplified lay-out of how the ISR will provide for this
possibility is shown in Fig. 1. After the particles have been
accelerated in the CPS, they will be ejected by a fast kicker into
the beam transfer line leading to the ISR. The pulses will be guided
alternately into one or the other of the two branches, according to
which of the two rings we want to fill. The two rings have alter-
nating gradient focusing and the magnets look rather similar to

proton synchrotron magnets.
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A fast injection system places each pulse from the CPS near
the inner wall of the vacuum chamber of the appropriate ring, where
the particles are being picked up by an R.¥. accelecrating system and
accelerated to near the outside wall of the chamber. The cavities
are then switched off and the whole system is ready for the next

pulse.

Several hundred CPS pulses can, in this way, be accumulated in
each of the two rings, resulting in very intense circulating proton
beams., The.two rings are somewhat distorted so as to cross in eight

.intersecting pointsy, and it is around these points that colliding
beam experimentation can take place. Two of the intersecting areas
will be equipped with special experimental halls from the beginning,
but it will also be possible to carry out some experimentation around

the other ones; as the tunnel is rather wide.

This project, in addition to providing for a p-p colliding beam
facility, also provides for extensions and more flexibility for con-
ventional physics with the CPS beam. A large new experimental area
is being built for this purpose north-west of the ISR, and beams can
either reach this area via an ejection system on one of the ISR rings
or directly from the CPS via a tunnel by-passing the ISR. The former
possibility will give extremely good flexibility of duty cycles and
average intensity. The latter possibility is being provided in order
to enable us to run experiments in the West Area while the ISR is
unoperative (eog° during installation of colliding beam experiments)

or is being run for colliding beam experimentation.

The main parameters are presented in Table I. Comparing this
with earlier conference papers one sees considerable changes since
the early stages of the project studies. However, there aré Qery few
changes since the conference two years ago at Frascati. At that time
there was still a lively discussion on the crossing angle, and in-
tensive studies resulted in a few alternative solutions, in particular
a structure giving 90 crossing angle. From a machine design point of
view this was perhaps the best onec. It was ncvertheless concluded to
stick to the 150 crossing angle as the one giving the best overall

flexibility for experimentation.
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I

ISR Parameter List

HMax. total energy
Average radius
Intersection angle

No of magnet periods

No of superperiods

No of intersections
Long s.s. length

Q value

Max., horizontal [ value

Max. vertical  value

Hax. momentum compaction

Wo of magnets per ring
Max. field

Bending radius

Profile parameter

Gap height

Harmonic number

R.F. volts per turn
Design pressure

Vac. chamber dimensions

B

max
R
o
N

S
Q
ﬁH max
.. max
o max
B

o]

h
50 V. to

16 x

28 GeV
150 m
15
48

16.8 m
8.75
41 m
51 m
2.3 m
132
1.2 T
78.5 m
3 m
0.1 m
30
20 kV
10”
5.2 cm

torr




2, Bxpected Performance

It is often claimed that onc of the weakest points of colliding
beam devices; from the point of view of carrying out good elementary
particle physics, is the intensity and, somewhat related to that,
the signal-to-background ratio. Wéuare, therefore, watching this

aspect of the ISR project continuously. .

There has recently been some interesting development on this
front, and a separate paperl) is being delivered to the conference
on this subject. I shall here only give a summary of the most

important factors.

The estimates based on present-day performance of the CPS and
normal R.F. stacking indicate a luminosity of each of the eight inter-

action regions of

2
L = 1034'(%5) em™ 2 sec™! g
where Ap/p is the relative momentum spread acceptable by experimental
conditions or by the aperture, whichever is the lowest. Typically,

the aperture would accept Ap/p= 2 x 10—2 corrésponding to about 20 A

stacked current in each ring.

The planned improvement programme for the'CPS aims at a factor
of ten in increased intensity per CPS pulsé; The first obvious
advantage of this is that it will reduce the filling time of the ISR
to its design current by this same factor, which will be particularly

useful if the beam life time should have been overestimated.

How much the ISR intensity itself will increase from the CPS
improvement programme depends on the beam properties from the
improved CPS. TUp to a short time ago we were rather concerned about
longitudinal phase space blow-up due to space charge forces at

transition. Such blow-ups were observed on the CPS at less than 1012

. . . 2
particles. Methods to suppress this have, however, been invented ).
Thisy together with further development of the relevant theory, has

made us hopeful that transition blow-up can be avoided up to the
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planned CPS intensities. If that should become true, nearly the
whole increase in CPS intensity can be used to increase ISR intensity.

Consequently, one is Justified in hoping for a luminosity of

2
.
T = 0.8 x 10°° (AE) em™? sec™t 5

when the new CPS injector comes into operation, i.e. after 1972.

Moreover, Keils) has made the observation that if one assumes
that one is able to stack both in longitudinal phase space and in
transverse phase space, one can reach considerably higher intensities
than with the stacking scheme originally planned for the ISR, in
particular for experiments requiring Ap/p << 2 x,lo_g. Courants Keil
and Sessler have pointed to methods for achieving this, and for

1)

further details I refer to their paper /.

The methods proposed would require solutions to very difficult
technical problems, but there is nevertheless considerable hope that
it will be possible, in the future, to take advantage of some of the
potentialities exhibited by these methods. They all involve a
relative shifting of parts of the beam, either at injection into the
ISR or from the new injector into the CPS, ox both, to give a bean
superposition in longitudinal phase space. The superimposed parts
must then occupy different regions of transverse phase space. This
results in some R.F. buckets getting more densely populated while
others stay empty. A method of stacking in the ISR with suppressed
buckets has been developed by Schnell to avoid empty buckets diluting
the already stacked beam4),

Improvements in luminosity of another order of magnitude may be
obtainable by such methods, in particular for low Ap/p experiments.
However,; since the new injector for the CPS will not be available
til1ll 1972 and since the methods mentioned above require rather
difficult new techniques, we consider this type of improvement to
belong to the future. It nevertheless illustrates the kind of
improvement programme one can see for the ISR when they have been

well run in and established themselves in physics.
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Another aspect should be mentioned that is important in all
improvement considerations and that is the improvement in signal-
to-background ratio that goes with the increased luminosities. This
improvement is much slower than the improvement in luminosity: some-
what less than proportional to square root of luminosity. Never-
theless, this may turn out to be at least as important. How im-
portant may depend on the development in a completely different
field, namely that of ultrahigh vacuum, as it is just signal-to-
background considerations that have led us to aim for ]_O-11 torr in
the interaction regions. This is, in principle, poésible by cryo-
pumping with liquid heliuwm. So far, however, we have not yet been
abie to overcome all the difficulties encountered making a good

JCrydpumping system.

With the intensity improvement possibilities mentioned the
probability of having difficultics with various space charge phenomena
‘has increased. We believe that the lowest space charge limit in the

.'ISR will be the transverse coherent limit, estimated to be at 130 A,
We shail, of course, be very happy when we reach such high stacked
currents. There are, however, methods proposed for changing the

4imagé.coeffi0ients significantly with modifications of the vacuum
chamber. It ig, therefore, hoped that this phenomenon will not cause

a serious intensity limitation.

We have always planned to suppress transverse resistive in-
stabilities by the introduction of sextupole fields. This method
should work up to the intensities mentioned as possible with the

improvement programme.

There iss; of coursey; the possibility of as yet undiscovered
phenomena that may be more restrictive. This, however, is a problem
that one always has to live with when one makes a considerable step

forward in accelerator construction.

And then there are the practical problems that may be difficult,
if not impossible; to overcome. Some of the beam manipulation schemes
required to reach the hignhnest intensities talked about, would

necessitate a considerable technological advancement in the years
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to come. For the time being, we restrict ourselves to carefully
avoiding, whenever possible, building into the machine features that
would make it unnecessarily difficult to provide for desirable

modifications later.

As an example of practical difficulties that we have to solve
and that we have not met in the same way in accelerator construction
so far, I would like to mention the beam dumping, in particular the
precautions necessary in cases of accidental beam dumpingB). As
mentioned, the present design aim, without the improvement possibili-
ties, is to reach 20 A circulating proton beams at 28 GeV. This
means that the stored encrgy in each beam is 1.7 MJ, and we can
certainly not let this hit thce vacuum chamber or any other equipment
if therc is a power failure or other faults with similar results.

One reason for the severity of the problem is, that the accidental
dumping will occur in such a short time that we must disregard the
heat conduction. For a beam of 4 x 1O14 protons, with a cross-section
of 7T cm x 1 cm; incident perpendicular on a block of metal we find,
for instance, the maximum temperature increases and corresponding

thermal stresses given in Table II. The same Table also gives a few

relcevant material properties.

The Table in itself illustrates the problem. For instance,
there is no possibility of letting thc beam hit the leading edge of
a metal block slowly (i.e. in this context slowly compared with
revolution time) as the local temperature will then go even higher
than presented in the Table. One must have a dump area about as large
as the beam cross-section or larger. Our present plan is to deal with
the problem in the following way. A fast-rising closed orbit bump
will be created by two pulscd magnets 1/2 AG apart. The magnets must
be cexcited automatically when a fault requiring emergency dumping
develops, for instance a powecr failure. A dump block will be placed
halfway betwcen the two pulsed magnets, at the edge of the good
aperturc. ‘Thc block will be made of titanium, a choice that is

obvious from Table II, and have a length of about 2 m (corresponding

to about 7 mcan frec paths). The density of cnergy deposition is
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TABLE II

Maximum temperaturesand stresses when absorbing

4

i 1
a 7 x1 cm2 stacked beam of 4 x 107" protons

Material| AT iy A aEATK)F M;iﬁizg ’AppiiﬁiEZEE ;Z:ii}e
_ Qf strongest alloy
) _L1§6°6; 35 kg/mn” 660°c | 40 kg/mn®
Ti | 350 }:”§3‘ | 1660 125
 Fe 375 .réb : 1500 | 90.
Cu :450 [ 100 1080 50
W 1240 21 3380 110

L
B

) E and ¢ taken at room temperature
_ max
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equal to the case considered in Table II when the increase of the
amplitude of the closed orbit bump per revolution is about equal to
the width of the stacked beam and therefore this method should be

adequate up to the design current of 20 A.

For higher circulating currents different solutions must be
found. This; however; we consider as a problem for the future.
In such circumstances we intend to kick the stacked beam out of the
machine with a large aperture ejection system consisting of a fast

kicker and septum magnet.

3, Progress on the various parts

The progress of the project has gone roughly according to plan.
The magnet cores have been ordered and the contract for the coils
will be placed by the end of September. The specifications for
most of the other big items like beam transfer magnets, main power
supply, vacuum pumps and the stainless steel tube for the wvacuum
chamber etc. have either gone to industry or are in the final stages
of preparation. All this is,; of course, the result of extensive

laboratory and model work over years.

I cannot go into more details on the various parts of the
project, but reference can be made to many papers in the Proceedings
from earlier International Accelerator Conferences describing the
ideas behind the design of most parts. The design may have changed
somewhat in the details, but little in the basic approaches to the

various problems.

I shall, however, single out one part of the problem, namely
the beam transfer system, as it so happens that very little attention
has been paid to this important part at earlier conferences. Of
coursey,; I cannot go into detail, but a short description may help

in appreciating the problems involved and our approach to them.
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a) Beam transfer

The problems of transferring a beam from one ring to another
one, or rather two other ones, at 25 - 28 GeV are quite different
from and'considerably more difficult than those encountered at

injection into normal accelerators.

The lay-out of the beam transfer system for the ISR is shown
in Fig. 2. The CERN site is not very flat, and to avoid unnecessary
excavations the ISR will be about 12 m higher than the CPS. As a
consequence we have had to give parts of the beam transfer tunnels
slopes of about 10%. The strict dispersion requirements, both
vertically and horigzontally, will be met by the appropriate,choice
of distance between bending magﬂe£s.énd dfwthe.facﬁéiﬂgwéféﬁertieé

of the channels.

Unfortunately, all components in such a system become very
interrelated, leading to inconveniently much work to analyse the
effects of proposals of seemingly small modifications, and sometimes

with surprising results far away from the point of modification.

The strong vertical bending in the beams has led us tq chdose

a rather unorthodox septum arrangement for the inflection.thhe beam
to be inflected approaches the ISR ring at a vértical élobe of 7.6%.
It passes just in front of the yoke of an ISR magnét and just below
the coil of that magnet. It is then made parallei"to the vacuum
chamber centre line both vertically and horizontally by two so-c¢alled
steel septum magnets inclined at angles of ‘15° and 19° to ' the vertical.
A steel septum magnet can best be described as a picturé-frame magnet
with a large slot in the polc (see Fig. 3). ' .

Figure 4 shows a photo of onc of our models. Some difficulties
.With straj—fields'occurred, mainly related to the fact that the slot
istunsymmé%rié*both in angle and in position with respect to the
coils on thé?original model. To remedy this wec shall increase the
gap Width,>to reduce the asymmetry, and put a simplec correcting
coil around one of the return yokes. A final model is under con-

struction.
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b)  The Buildings

The civil engineering part of the project is the most advanced
one, as it must be able to house the components that have now been
ordered, when they start coming in during the latter half of 1968.
Figure 5 shows a photograph of the present state on the French part
of the CERN site. About 60% of the excavation work is over and
concrete work has started both on the Ring Tunnel and on the West
Hall. ©Nevertheless, certain changes have taken place in our lay-out
in fact as late as a month ago. Few people would notice the changes,
perhaps, by comparing present plans with those presented two years
ago. They may nevertheless be of considerable importance for the
ease of doing experimentation in the future, and have in fact been
initiated by discussions among prospective users over the last few
years. The main chaﬁge has been to suppress the experimental hall
around thc interaction region 5 and replace it by a hall of a
different shape around interaction region 1 (see Fig. 1). The

original I_. was very similar in shape to I4. The new Il puts more

emphasis 02 experimentation with particles coming out at large angles.
It has therefore much larger dimensions at right angles to the beams.
The latest change has been to enlarge the hall further and to make

the 5 m deep pit also larger to accomodate not only a big experimental
set-up, like for instance the so-called Q-project, but also to

assemble such equipment on the same level, but away from the beams.

4. Comments on time schedule and cost

Since the project was authorised, we havec aimed at starting the
commissioning by mid-1971. We have so far no signs of a set-back in
the project that would make this date invalid. With about 30% of the
contracts being placed we feel rather confident that we shall also be
able to stay within the cost estimate of 332 MSF (at 1965 prices).

We shally, however,; know much more by thec time of next International
Accelcrator Conference, and I hope that by then I am able to show the

same optimism.
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FIGURE CAPTIONS
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1
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Lay-out of the ISR Project.

Lay-out of the beam transfer system for the ISR.
View and cross-section of stecl septum magnets.
Model of a steel septum magnet.

Present state of the ISR site.
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. Fig.3 View and cross-section of steel septum magnets



















