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PROCEEDINGS OF & MEETING OF THE
JOINT CONSUIRATI TRAR RESEARCH
HELD ON 2lith OCTOBER, 1961, AT UNIVERSITY COLLEGE, LONDON

gir John Cockcroft: First of all I would like to welcome

the visitors from CERN, Professor Weisskopf and Dr. Hine. .-On° the
order of speaking; Professor Weisskopf will now speak third in
place of Professor Bernardini,

I should like to say a few words about the objectives of the
meeting. These are, firstly, to consider the future machine
facilities at CERN, and, secondly, to consider in a very
preliminary way what attitude we might teke in -any discussions on
a world project. You probably know that some discussions have
already started and no doubt you will hear about these during the
course of the meeting. You may have some views about them.

8o far as CERN itself is concerned, Professor Weisskopf will
gspeak to you about that, but it seems to me that there is an
order of ﬁriorities° The first is to make the best use of the
existing machine - by extension of beams, by providing proper
housing for bubble chambers and so on - and CERN is currently
fighting to get the money it needs for this programme. The next
stage is what can pe done for the long term improvement of the
existing machine - for example by pushing up its intensiﬂy and so
on - and no doubt we will hear something about this later on.
Stage 3 poses the question whether or not we go on to a much more
expensive phase, installing storage rings or perhaps having -
another machine; and we will hear the arguments: for and against
these tentative proposals. Finally, there is the question of
what part we should play in any world project, if it comes ofifs
I think these are thé main points that I would like to have
discuésed. Would you like to say a few words, Sir Harry?

Sir Harry Melville: I would like, if I may, to raise some

rather broader points then Sir John has mentioned. Stage 1 at
CERN we can predict to some extent on a rising budget, but if .
some of these other projects ever become practical propositions,
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that is feasible_propositionslpgchnically, then, in this country
at least, they will have'to?béAEoﬁsi&ered in relétibn to other
big‘in§éstments in science, such as space research, and maybe
“others, both in this country and abroad. The terrible problem is
to decide which things to back and what is.a reasonable expendi-
ture for these really exoensive developments. I would therefore
like at this stege to rdise the thought, not that we can decide
anything today, of course, that it should really be the
scientists in this country who, should decide what are the
important pfojects and what particular developments they would
1ike the Government to support. The scientists themselves must
advise us on priorities and it is important that this should be
borne in mind in thinking ahead in high energy physics, whether
it is for some development at CERN for Europe or even a world
wide machine,

Sir John Cockcroft:- I think that with those introductory

remarks we will call upon Professor Weisskopf.

Professor Weisskopf: I thought I woqld.like;to iptroduce my
speech with a few general remarks on the_future,of European high
energy physics. I might not be quite sticking to the prescribed
theme for the day, but I think these ideas are intimately ‘
connected with what is going on now. Well, I think if one looks
back over ten years, the development of high energy physics in
Europe:is certainly extremely impressive. Ten years ago there
was practically nothing: most particle physics was concentrated
in America - but since then Britain, France,fIta;y and German&

. have all had their own very vital projects - some partially
finished, some partly under construction - and, of course, we
have CERN. -Perhaps it is good to remind oneself why we did all
this, why we built CERN. We wanted to'have‘fundamentai physics
alive and vigorous on this side of the‘Atlantic, and we Waqtgd to
avoid all the good, -inventive, people moving over to the Uniﬁed
States in order to do the physics that they would like to do -
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physics that from our point of wiew was essential. I think thgt
in Burope we-have gone quite a way towards. correcting this ;.
situation, but so far I think we have done:so largely from the
point of view- of the machines we have available. . (Dr. Hine will
discuss the situation inm a little more detail later.) - We do-have
a quite impressive array of high energy machines in Europe, ready
or almost ready. However, the next three to. five years will
really be decisive, because we now come to the question of how po
. usé these machines, and here we are fighting an uphill fightjf'ln
particular, I speaky of course, of the problems of‘CERN, élthoﬁgh
I am sure the same applies to all high,energy,phySics in:Eurbbe.
The greéat discoveries are still being made in: the United Sfﬁtes,
‘with very few, too few; exceptions. Now, what-is against us here
in Europé is perhaps lack of experience, that is the first factor,
and lack of manpower - experienced manpower - for a good deal,gid
go to America. So it is quite decisive that in the next five .
yéafé*Wenconcentrate, as Sir Harry Melville has said, on the
first'priority, that is to make high energy physics in Europe as
vital and as impressive and as vigorous as possible.  This can
only be ‘done by very hard work, by ingenuity, by getting the .
rféﬁﬁvpéople'at the right places, by getting the right.spirit, and
last, but not least, by getting enough financial support. This,
for the nekt three to fivé years, is decisive for us, and any
sé#ing which might be made during this time by forcing us to,work
with seeond bést facilities for the exploitation of the machines
would certainly be deadly for CERN. We are in a difficult .
poéitioﬁ:' we are competing with America, and we are not only
compéting in physics and ideéas, but we are also competing as far
as‘ﬁééhinés, and accessories to machines, are concerned; .for .
examﬁlé, separators, spark chambers, and soon the new cryogenic
ﬁégpetic.developments. “In all ‘this we must try to be not second
best but equal or better, and this 1s a typical activity in which
Europe has an opportunity to be edﬁal or better - and, if I'may



say so, much more than in the space field. It is a field where
individual initiative and inventiveness probably count more.

Now, perhaps, I should say that from the point of view of -
physics, the new machines that we have here in Europe, ‘
particularly the P.S., are opening up a new field of physics in
this respect. It seems that in the field of a few GeV, let's say
the field between zero and five GeV centre of mass, a new and
unexpected world has been discovered. I refer here not only to -
the many interesting developments, but also to the new, so-called,
"gtrange" particles - probably they aren't particles, but excited
states of some systems - anyhow, here's a new world of pions, /3
particles, W) particles and K*s, . and it turns out that this
field of a few GeV is much richer than some of us expected. So it
‘seems to me that here there is a typical field for exploitation
of the P.S. This field will be very rich, -and will give us
excellent opportunities to do good fundamental physics and. to
play a leading part in the progress in this field. Provided that
we have full support for proper exploitation of the machine we
will have the most modern facilities possible. We have to over-
come the disadvantages we have compared with America, as far as
lack of experience and manpower is concerned, put I am positive
that we can do this if we have the support.

" Now the topic of today's discussion is not really the next
three to five years, but what happens afterwards. It is clear
that the machines that we have now will be obsolete after a
certain time. The guestion of whether this is in five or ten
years is also a question of what one understands by obsolete: in
other words whether the machines are in the centre of the -most
vigorous. interest and discovery, or whether they are doing. what
is’ called mopping-up operations_(these are, of course, extremely
important, but no longer the very centre of excitement). -Again I
would like to say that if we in Europe do not have a centre of
'excitement, we will run into the same danger against which we.
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have built CERN and so many other installations. There are

perhaps two ways in which one can Qiew the dsvelopment in this'
field from the machine point ofAview. Let me call them the
conservative and the radical views. The conservative one is how

can we explolt more fully and more properly the field of a few

GeV - the newly discovered world? The machines we have now will
become obsolete in this field mainly because of lack of intensity.
Now this exploitation .can be done in many- ways.: We can improve.the RS,
for example, and also similar machines, to try to give them

higher intensifies, but there are obviously limits to this,(nét

only from the machine point of view, but bscause of the dangers

of induced regdioactivity. In order to exﬁlore deeply the field‘of?afew
GeV centre of mass we must think of building machines of higher.'*'
intensity. Now this is certainly possible, although there are

many problems - the problem of induced radioactivity for example -
which have not yet been thoroughly studied. However, one can also’
get higher intensity in this few GeV field by going for machines
of_higher energy. This can be done not only by increasing the
intensity and 1éav;ng the energy constant, but also by raising

both intensity and energy, and I will come back to this point in

a moment, because I think it is an important one for our |
discussion.

The second point of view, which I will call the radical point
of view, is to say that while it is very fine to go ahead with the
exploitation of the few GeV physics, ‘it Certalnly should =
be exploited by more modern machines than at present, and these
shouléd clSO look for and expect other phenomena whlch are’
new compared,with what we can observe with a few GeV. To mentlon .
a few; first, we certainly expect to find new phenomena relating”i“
to the core o:_thernucleon; secondly, only the frlnges of the
large momentum transfer phenomena have been touched so far; and,
lastly, but by no means least, there.are the neutrino phenomena =
the study of regenerative interactionms,. for which the present
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machines are. too weak. Theoretical indications are that the . ..

neutrino experiment will really give us new information when you.. ..

can get neutrinos of a good number of GeV, whereas the present

machines only give us small intensities- of neutrinos below one . . .

GeV, which is not yet into the interesting region. So at high
energies we may expect the weak interaction, the core phenomena,
the.phenomena of large momentum transfer, and the phenomena X,

) yhich we don't know,'tq.pe of interest; these are probably the
most interesting ones that we will expect when we get C.M. v
energies of a large number of GeV. One of the most interesting
new phenomena. is.thig:  in the present machine we were surprised
by the relatively low yield of interesting particles such as
antiprotons, K mesons, and the like, if one compsres this with
purely statistical considerations which, of course, have no
a_priori reason to be right. Now the main point is this: 1t
turns. out that the percentage of antiprotons (1let us céll them. -

the interesting particles), compared with pions and the generally

uninteresting things which come out of the collision, increases. .. .

very strongly with energy. In fact the particles of the P.S. .-
beam have many more interesting particles, rela;ive  _to pions, .
than the Cosmotron or the Bevatron. This increase is greater than
the energy increase and the big question is how far it will go on.
If it is more than proportional to the energy then even for the
low GeV physics it would pay to build a high energy machine.

The cost of the machine is relatively proportional to the energy,
and if the yield of more interesting particles is more than
proportional to the energy, you ggin by inypsting in a high energy
'machipe_(always considering the fact that the intensity problems
are not energy dependent). The whole idea 1s that even for the

conservative energy which I mentioned before it might vay to ..

build :a high energy machine, because we might get more out. of it .

than .just the factor by which we increased the energy. We don't . |

know at what point this increase of.intgngsting part}qles stops -~
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it might stop at 50 GeV, in which case it might not be worth
while to go much higher than this.s I don't think anybody'knows.

of course, in the radical field of research, there is also the
much discussed proposal for storage rings, where we- have been
considering é felatively cheap extension of the P.3. This is -
aimed at the rédical field of new phenomena, because it is
designed forlresearch on large momentum transfer. However, it
has the disadvantages, which we shall discuss today, of being
rather limited in that one cannot get high energy secondary
particle beams.. So I would perhaps like to leave any further
remarks about storage rings, but I would like to invite discus~
sion.about them later.

Howeﬁer we 1look. at these plans, we cannot work in a
vacuum - that is, in Europe alone. We have to look to the West
and to some extent to the Bast, Now the situation in America.is -
that the general trend seems to be more or less clear except:for
the time scale. America is now building a high intensity machine
for 15 GeV, which in my definition is a conservative physics
mgchine, and there is the also large "Monster" (i.ee¢ the new.:
Stanford eléctron linac project), which goes more in the radical.
direction (also because of the fact that we have electrons there) .
Moreover, the U.S. physicists. are talking very loudly about a
high energy :and high intensity machine and that machine would.
combine the radical and conservative features. So far the
American Government is not ready to underwrite this 300 GeV
machine, but I would say that within five years at the most there
will be the beginning of the construction of a 300 GeV machine on
a national basis in America. Of the Russian plans we know very
little;  in fact, we do not know at this moment if the 70 GeV machine
is well uader way,: or still in the design stage. Anyhow, it seems
that looking at Russia ig not too helpful for our own plans
because in this respect we are ahead in dgvelopmep;. :

.Then there is the question of the interpatippalimachinei
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which certainly aims to be the_most radiczl aend most high energy
machine; this is a problen whiéh we have to keep in mind because
it will influence our thinking greatly and might perhaps make
another big machine in Europe disputable, both from the point of
view of budget and from ﬁhe point of view of new physics.
However, you all know that international machines have their
difficulties, and I'm sure that the description of the situation
which you will hear from Dr. Adams will underline this facte. |

Now I would just like to summarise what I have said. First
of all, I would like to emphasize that the next three to five
years will be absolutely vitél for CERN and other European high
energy centres. We must get the strongest support for our work,
pbut that, of course, is not enough, and we must ourselves do what
we can to make this a realiy successful period in which high
energy physics will shake its centre of gravity from one side of
the Atlantic Ocean - at best, to us, at worst, to the middle.
However, we must now think of the future as well, because we know
‘5.very well, if we look at the history of previous machines, that
now is the time to do so. I will remind you that the Cosmotron
was running for one year when the planning of the P.S. was
started, and this means that now igs the time for us to look at
the next machine. The comparison with the Cosmotron is perhaps
" not quite right because the Cosmotron was just at the lower limit
of this new world which we have discovered, whereas the P.S. is
‘right in the middle, and therefore the kind of work which we are
going to do is perhaﬁs richer than what one could do with. the
Cosmotron. This is, however, a vefy dangerous conclusion,
because the next world might be a mﬁch richer one than this.
Therefore, it is now right to discﬁsé new plans and to be sure
exéctly what we want to do. If we give first priority to doing
good physics in the next three to five years I think we ought to
give priority 1.1 to the planning of the next machine.

Dr, Hine: Following what Professor Weisskopf has said, I
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should like to say something more about the detailed situation in
CERN and the detziled situation of high energy physics in Europe
as far as one can see theﬁ in the long term; to explain how far
our thinking in CERN has gone; and, finally, to say roughly what
we propose doing in the next year or so to try and clarify the
position. I think there are & number of specific jobs which have
to be done before the accelerator people can come up with some-
thing which they feel will hold water,~and slthough that job is
difficult, the job of discussing the pres and cons»of different
kinds of physics is more difficult still. Up till now morevpeople
in CERN have been working on accelefator design than have been
working on the lines of physics which should be pursued, or
experimental means for doing them.

You have 8ll seen this paper which was sent rouhd to you é
few days ago. I have tried to summarise the "brute facility"}
sit;atioﬁ iﬁ the table at the end of the paper. You can see froml
the list of machines which I have put down on the paper that Hurope
has in operation, or very nearly in operation, four major acceler-
ators, which are in fa;t very comparable to four major accelerators
in the United States. The CERN P.S, is very similar to the A.G.S.
(potentially not quite so powerful a machine in terms of top energy
or current, just beccuse of the size); the two electron synchro—
trons, .I.T, and the Hamburg machine, are alsé comparable, with
perhaps the advantage in favour of the Hamburg machine. Nimrod
is comparable with the Bevatron, as the Bevatron will be towards
the end‘of 1962 after they have installed a new 19 MeV injector,

12

with which they hope to get the current up to 5 x 10 or 1013

e protons per second at

protons per pulse, i.e. approximately 10
6 GeV. This is comparable with the hopes for the first stage of
Nimrod's performance, except that Nimrod will have 7 or 8 GeV, ‘
rather than 6 GeV., This 7 or 8 may be guite a significant
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improvement on 6 with antiproton beams and so on; but offset
against this is that, as the Bevatron exists now, it has an
enormous team of physicists hanging around it, there's a large
guantity of apparatus prepared, and it has a vast number of
experienced people. However, I think one can say that for a few
years to come the kind of physics which will be done in Berkeley
and the Rutherford Laboratory will be comparable, and with rather
the same kind of limitations. With Saturne there is a very
similar situation; althougq'Saturne has not yet managed to
accelerate as much current as the Cosmotron does, there is not too
big a difference to worry about.

The potentialities of all these machines for future dmprovement
depend to some extent on the amount of money that can be put into
then. Comparing the two.electron synchrotrons - DESY and CEA -

I don't thipk anyone can predict how far they can be developed
beyond their present first specifications. Saturne and the
Cosmotron could probably both be increased in intensity quite
appreciably by installing higher energy injectors -~ this is my
guess, not based on any specific project, but if in the course

Qf the next Tew years they decided to use a higher injection
energy, then all the factors which determine accelerated current
are in their favour; this is what they are doing on the Bevatron,
in fact, and it should also apply to the smaller machines. 1
think it is too early, and I éertainly don't know enough to speak
myself, tq say what the potentialities of development of Nimrod
are, but there is one thing which I think one must bear in mind,
that is that the most recent accelerators have to be much more
fully and more carefully designed then the previous generation and
there is probably potentially less room for improvement in them
since we know now more or less what determines the current, and
the overall efficiencies are now quite high - In the AGS and the
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CFS something like 15% of the protons at 10 kilovolts get up to

25 GeV, so there isn't much room for spectacular improvement. As
for machines that have no European counterpart, in the States we
have to face the Argonne machine, which has had a lot of bad

things said about it. However, I think the principal bad things
that have been said are on the money that has been spent on it,

and maybe on the fact that it will be difficult to use for experi-
ments; we should not assume that, in fact, it won't meet its
designedAperformance after its teething troubles have béen dealt
with: as I said, accelerator design is now more of a science than
en art and, so far as I know, no-one has found any mistakes in the
American calculations for the AGS. Ultimately I think they will
be able to get their high current. The second new machine is the
Stanford Linac, which has been worked on for several years now.

At the moment,‘and indeed before they have had any promise of major
sums of money, they have 160 ?eople working in the design group -
more than the group who built the ¥F.S. So the initial study has
got to a stage where they really are in a position to go ghead
fast with the construction and so far as we know it will work.

This means that if one looks over the next decade to see what the
extra facilities are going to be in the States compared with those
at home in Europe, there will be at first the Argonne machine (which
will come into operation, say, in 1963, and may build up 2 high
current over a one to two years' period); and, starting sometime
a few years later, the Stanford Linac; and then again, starting
sometime after that, but one guesses within the foreseeable future,
the 300 GeV proton synchrotron.

I talked to various people when I was in Brookhaven recently
at a conference over there, and I think it will be interesting to
felate their general view on the 300 geV machinef ~ My own impress-
ion is that American opinion was, for farious reasons, unanimous
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that they must have one of these machines, but that there is going
to be a good deal more discussion about who is going to have it
and where the money is coming from., Moréover, T don't think

" American physicists will allow themselves to be put off by any
international machine; they were also unanimous that if there was
an international machine they certainly wanted a machine of_their
own &s well, because a share in the international machine was not
going to give them a big enough facility, and was going to be
late, and in any case they would have to have a training ground
for people who would work on an international machine. So which-
ever way you look ot it, they really want a high-energy P.S. fairly
SO0n.

. I will try to sum up what the prospect for big physics is
going to be on this side of the Atlantic and on the American side -
it's not worth bringing the Russians in since I don't think what-
ever they do nowwill seriously affect our planning, whereas what
the Americans do will very much affect use. I have put at the
bottom of the table in my report two lines of figures, to try and
make the comparison guantitative - I am not going to try and draw
any great conclusions from them except to say the amount of
physics you can do, and the depth and delicacy of the physics which
you can do, certainly depends on how much available accelerated
beam you have got, and perhaps how high in energy it goes. The
figures I have put down give the potential mean accelerated current
in microamperes, and the mean kilowatts in the beam if all those
machines were turned on at the same time. As I said, I don't
know what precise conclusions to draw from that figure, but both
of them show & pretty rapid rise over the next three to four years,
as these machines I have been talking about come into oferation,
and the American figures in either case are about three to four
times as large as the European ones. Now, this does not seem a
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very trggic situation. We know the Americans &re using more
resources than»would prdbably be considered necessary here, or,
to put it snother way, if you only had half what they had, you
could still get = good deal of good work done. So for three to
four years fhis seémé to 1ook not unhappy, - provided the Buropean
centres can be maintained, and provided the gquality of the work
done with the rather mdrerlimited European resources 1s of egual
guality with fhat in the U.S. It is in -the late 1960's that the
balance in acqelerators stérts to swing hard against Europeé.

Now this comes back to the point Professor Weisskopf was
meking on the support over the next few years for big physics in
Burope. Big physics in HEurope a year or two from now. - CERN will
be part of it, but not a véry'large part of it - should I think be
viewed‘as a whole; The question of who owns what is important,
and it certainly is important for small machines in. the university
departments, but it doesn't seem so important for. really large
machines; soO iong as they are at places like CERN, they are .
acceccible to anyone in Europe. It is easier to get from Geneva
to”London then it is to get from Oxford to Cambridge and this will
become even easier in the future. If Britain eventually gets
intq the Common Market you mey find fcreigners turning up on your
doorstep, without getting labbur‘permits, either. I think this
means that one has to look at the development of big facilities on
the Buropean level. The thing which worries me 1is the way we
suspect the expendi%ure will be going up from 1962 onwards in
America, and yet at the moment we have sbsolutely no conviction
that expenditure will do anything else but keep level in Europe.
The thing whiéh I think we have to do is to express the very strong
view that, fifstiy, the generzl level in the next five years should
be expanded at a resonable rate to enable the existing machines to
to be used decentlyj and that means that everybody's budget should
go up and not that peoplé should live at the expense of their
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neighbours. And, secondly, that the necessary planning work
should be undertaken now so that the construction work can be
begin at such a time as to ensure that in the 1970s we also are
in a position to increase our kilowatts or microamps to match the
Americans.

If this is a correct view of the world situation in physics
what do we consider is a plausible increase in the European
facilities and how do we in CERN see CERN coming into it? T
should say right now that we do not have anything like an agreed
view on this inside CERN, and I don't think anyone else in BEurope
has either. However, we have, over the past year, been having
meetings, at about three to six months' intervsls, of the European
Accelerator Study Grecup to try snd reach such conclusions, and, in
fact, there will be such a meeting in the Rutherford Lsboratory
next Monday and Tuesday when we shall be talking on a more technical
level about the things people have learnt in the States, and I will
try and summarise their views as far as I know them now.

Discussing the reasons for building new accelerators, Serber,
in his introductory talk at the Brookhaven conference, said there
are two ways of expressing theoreticians' recasons for building
bigger and bigger machines: Tirstly, to be able to do experiments
dealing with problems which they don't know how to solve today and,
secondly, which is probably a better view, to look at the past and
say that every time we've increased centre of mass energy by a
certain amount, it's paid off much more than we ever imagined at
the time, and then ask if there is any reason why this won't be so
in the future. As far as Serber was concerned the beauty and
strength of this argument stood out most if you didn't ask for
things to be justified in detail. If you take this line you Just
say the bigger the machine the better, and people who talk about s
smaller one are merely faint-hearted. One should also point out
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that nuclear physics is becoming a relatively cheap branch of
science, certainly compared to those on which resl money is spent,
for example space Oor weapons. We should therefore take an
optimistic and fighting line, and 10 years from now we will have

a new big accelerator. As far as CERN's own equipme;t is concerned,
of course, we can talk about varioué types of machines. An extra
problem for us is whether we should be talking sbout something to
be built in Geneva (and if so have we got room on the site, can

we get water, electricity supplies and all these kinds of services),
or elsewhere. If you're talking sbout setting up & new group to
build a big machine ~ and this would probably be the case - then

if it couldn't be built at Meyrin, it would involve a completely
new laboratory somewhere else. I don't know if it could be put

next door to the Rutherford Laboratory. (Dr._Pickavance: Very

doubtful.) T think the same thing applies to most other labs.
It just isn't possible to walk into = nice flat five mile square
with sbout 50 megawatts of electrical power 1laid on, and gble to
supply about a million gallons of water per hour. It will take
some time to find.

People have therefore started going carefully into the question -
do we really necd to go to 300 GeV? Could we not adopt a slightly
more conservative attitude, and say that in 10 years' time the
needs of European high energy nuclear physics, in order to keep up
with the States, could be met by something smaller with more
emphasis on high intensity and probably at a reduced cost? But
against this, when one begins to 1lcok at the possible 1i$itations
in intensity in big accelerators, and this is something already
started in America and now under study in CERN, it looks as though
a big machine has got the small one beat hands down in terms of
intensity every time, That is to say, the possible intensity in
accelerators increases with the radius of the machine. There 18
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more room Tfor protons with a larger circumference and slso, build-
ing a large radius machine, you're forced to increase the injection
energy, and the limitations in current that we know of from the
point of view of particle dynamics become much wezker as so0n &s
we increase the injection energy. So we're up against a nasty
problem. If there is on our side of the Atlantic a 70 or 4100
GeV machine in which Buropc is placing its trust, and which ccmes
into operation not far removed in time from start up of the 300
@eV machine in the States, we shall find that as scon as they
start operation they've got us beat in both directions. They
have more energy becsuse they've designed the machine that way,
snd also as a bonus they've got at least our intensity and
probably more soO. This is also true as far as low energy second-
ary beams are concerned, and they will have also new beams which
will still be interesting 10 years after. Even if the machines
were to be equivalent in the, by then, rather conventional field
of several GeV physics, as regards the interesting, exciting, new
field of 10 GeV physics, the 300 @eV machine will be pouring out
enormously more 30 GeV and 50 GeV anti-protons than any 50 GeV
ﬁachine could possibly hope to do. We may, if we in Europe
decide to build a machine like that, find ourselves in the
situation of having built another Nimrod. But don't take this
remark amiss. One could say that if Burope had only Nimrod at
the present moment people would be feeling rather unhappy, but
this is not an argument for or against having a machine of this
kind at a national level - because, as one Se¢€s it, everybody has
them and they're absolutely essential fer making the lower stories
of the pyramid which builds up to the biggest machine of its day,

whichever it may be. vou would however look rather silly if having
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built a pyramid you ran out of stone before you could reach
the top storey, i.e. there just wasn't enough to put the
spike o top. This is the argument against the 100 GeV
machine, There is another.superficial argument for it, of
course, that is that it costs less. But, as I said, I think we
should be adopting the attitude that nuclear physics will cost
nothing compared with space research.

The slternative attitude so far as we see it, is to say
"Well, perhaps high—énergy physics isn't as interesfing as all
that and perhaps we ought to go for something else" - radio
astronomy for example. Perhaps it really is like space research -
you put an‘awful lot of money into one subject and get little
return - and possibly the United Kingdom feel that they may not
be able to afford it. But then I think CERN will certainly feel
like being told this - rather defihitely and rather soon -~ because
whereas an internatioﬁal laboratory like CERN has a very good
reason for existence as the top of the Buropean pyremid, if we're
told we zren't interesting any longer we find the ground cut
from underneath us. This, I think, is hardly fair to all con-
cerned and I feel the pecple who settle the policy will have to
decide fairly soon - as Profeséof Weisskopf said - whether they
want to support high energy phy;ics or not; If they do then the
resources have to be found; if they don't then let's put our money
somewhere else, I think that's probably all I wanted to say about
the_possibilities and reasﬁns for making new big accelerators.
I will come new to the precise details'of what we think is worth
doing at CERN in the‘very near future beczuse this will show still
more the way in which we are thinking of long term facilities.

I will say something first about the possible improvements

to the P.S., because this has been mentioned and this is what
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everyone is interested in now. We feel fairly hapyy with the F.S.
as it stands. People who have been out to CERN recently may have
found a certain spirit of gloom around the machine. It hadn't
been working well, and Brookhaven was working better than we were -
altogether it was the kind of morning-after feeling, but I think
this is really very superficial. The fact that the P.S. beam has
not been very good recently seems to have been cured and we have
been up to 3% x 1011 protons wmer dulse,-so I think.the current
gtate of the machine is not toc.unhealthy; we are also

taking some positive steps to try and strengthen some of the
engineering and machine physics effort going into it. For the
slightly longer term we have a programme running at the moment for
making better ion sources, again to increase the current. As I
said, an increase in current from where we are now by, say, a
factor of 3 to 5, looks possible in terms of what we know about
the machine and what we know about the difficulties of induczd
radio-activity. This we aren't going to offer with any

guaranteed time scale but.if we can't achieve such an increase
within a year or 18 months then we shall have run up against some
serious trouble which we aren't expecting} The other immediate
improvements to the P.S. which we are thinking about are at the
other end and are essentially concerned with ejection and better
targeting, and here again the time scale with the new facilities
is in the region of a year. There's some disappointment about
this also but I think we've found that, like most things, the job
is bigger than you imagine at first, and certainly bigger than
you were led to believe by your experience on smaller machines.
This is true of most improvements to machines andhit's also true
of experiments -~ they're all bigger than you think they're going
to be. As regards future improvements to the P.S. on a rather
longer term, it looks as though a current of about 1012, or

2 x 1012,prot0n per pulse ‘will be 2 limitotion with the present
injection energy because of space charge effects at injection; therc
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no proof that this will be a complete limitation but various model
accelerators have now been running in which space charge effects
have been ‘shown up under experimental cohditions and where one

can actually recognise them as suéh. Uﬁ +to now space charge

has been a sort of magic woerd: you can do some simple calculations
about defocusing forces and you come out with a current at which
you think these effects will begin to show up; but they are.
essentially complicated collective phenomena. Moreover there

are other things like possible neutralisation by residual gas which
upsets the space charge behaviour quite a lot, which means that
until somebody actually reaches thé iim{ting current I don't think
we're ever going to be able to say just what the space charge
1imit in a big P.S. is. On the other hand, ‘the limit aue to the
difficulties of induced radio-activity is soﬂéﬁhing which we can
begin to discuss right now. At the momeﬂfithe’CERN'P.S¢-ha$;in
the region of its target at handling distahcés outside the vacuum
chamber, levels of the order of one rem per hour, sometimes higher,
and this means that one has to restrict the time that operators,
technicians etc. can go near the target to an hour a week-or 1ess,
or only one week a quarter.or only a few hours per shutdown.

This level is acceptable. Tt means proper organisation but

it doesn't prevent you docing ultimately what you want to without
much increase in expense or time scale. A further increase by

a factor of 410 would mean .that there would be some operations

when it would just not be possible to send a man in to do them

in the same way as we do Now. One would ha&e'to consider . v

at least making lead shields and things like that to stand between
the 6pératof and the piece of apparatus, or one would have to
rédesign a 1ot of the mechanical sidé, targets and pieces of

vacuum chamber and extraction windows, ejection magnets and SO ON.
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For a further factor of 10 going up to 1013 - an order of increase
in current beyond what we‘ban foresee with minof developments =
frankly don't know just what will be involved in the way of
operating procedures and rebullding of major parts of the machine.
You see, it's not only just near the target, it's pieces of
vacuum chamber and magnet section downstream from the target over
a length of perhaps 50 to 100 feet in which small angle scattered
protons are sprayed and hit the walls of the vacuum chamber
all the way down. - In addition, of course, & certain number
of lost protons gpirél in and activate other parts of tﬁe
machiﬁe at a 1ower‘intensity; thefe ﬁre several hot spots
round the machine at the moment where the induced radio-activity -
is greater than 10 per cent. of the target area ‘activity. |
So one —will be coming up into a sitﬁationr»wheﬁe“1a@cess" »
anywhere in the +tunnel will have to be conrtrolled,
and quite a lot of components like radio frequency cavities and so
on méy become so hot that‘the present techniques for target
héndling will have to be applied most of the way round to any
maintenance of the machine.itself; this is something which could
réduce the operational flexibility of the machine a great deal.
Right now we just don't know how bad this would be and we are not
yet in a position - although I hope we shall be fairly soon - to
estimate the kind of activities we shall find in different
components in different materials in different places in respect
of targets inside the machine. So, as regards increase of
intensity, I feel there's a very definite programme up to 1012
The next stage beyond that will be dragging us into a lot of
problems which will have to be faced with any new machine, because
a new machine will be of even higher intensity; however, these
will be faced in the design stage and not after the thing has been
ﬁade. 'k .

The only other major improvement to the P.S. which one could
consider ié possibly the addition of another experimental area.
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This, I think ‘agdin, I wouldn't like to say anythlng about until
we have had experience w1th .operating the present three experi— :
mental areas; 'So far we have only been operating with one, gne
South Hall. We are bringing the North Hall into use at the '
moment and ‘the East area will come into use with the Brltlsh
bubble chamber. Operating several areas 1is convenlent for
experlmenters out31de the machine but becomes more and more
compllcated when you have to consider what is happéning 1n31de the
machlne - and I'm not sure as to where diminishing returns set 1n.
There is also the fact, of course, that whereas you can share protons
between experlments in the same experimental area off the same
target, you can't share protons between experlments that are on
different targets. The experiments will be flghtlng one agalnst
the other for beam intensity and so perhaps the best way of 1nvest1ng
.one Vg money is into making multiple operation in one experlmental
“area easier to do, rather than putting the money into bulldlng yet
_another experimental area. |
Well that's what we think about our immediate plans. For
the possible longer—term we have to consider the problems of the
300 GeV machine in two ways: there might be a European proaect in
this area, or there may be a European contribution to an inter—
contlnental machlne, about whicki Dr. Adams will be speaklng in a
emlnute. For the very high energy machine the things whlch we feel
bworrled about, and therefore the things which we would like to
work on after hav1ng had close contact with the American work
during the Summer, are some specific problems in accelerator ‘design,
but more important, this question of radio- active contamlnatlon,
the questlon of experlmental area design, secondary beams, how
to get secondary beams out and what to do when you've got them
out, bulldlng and site requirements, and so on. The American
work on these things has been extremely superficial, and before
anyone can contemplate a project in Europe one has to know a

good deal more to make up one'smind, rightly or wrongly, as to
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what “kind of site we are looking for. :At the moment

there ig’a. wide -divergence of viewvbetween the people whe say

that any site is good enough if you engineer the machine |

well - and if you put the whole thing underground you don't need
to disturb the peasants living on the top - and the people who say
that if you are going to start a project like this, a vast new
laboratory area is required - you want your 10 miles by 10 miles
square completely flat with very good ground‘stability and sO On.
This is what we have to look at - to see just what are the really
important points and what igs merely desirable but not essential,
So it's this kind of work on the accelerator side we want to do
and, secondly, if we can get it (and here, as Professor Weisskopf
gaid, it's going to be difficult, but we must get it, if only to
make the proposition look balanced) a good deal more thought on
the kind of experimental facilities, experimental apparatus, etc.,
which will be needed ten years from now, and how this will affect
the questions of the size of the experimental areas and the amount
of power which should be made available on the site :and soO On.

The people in the Brookhaven étudy group during the Summer made a
very big effort to produce something on these lines. I imagine
most people will have seen the pair of reports which they put
out. There is one on the accelerator parsmeters and one .
on experimental progremme requirements for 300 GeV to 1,00Q Gev
accelerators, which has got not only forecasts from known physics

: 'on the kind of beam intensities and the properties of secondary
,beams one is likely to come across; snd be asked to handle,

but also some more examples as to what beams and experi-

ments would look like designed according to present-day techniques.
The latter turn out to be fairly frightening according to present-
day budgets and ﬁresent—day manpower estimetes. They talked, for
example, principally sbout beams fof bubble chambers. I think
this»is mainly because they had people on the spot who are
interested in separated beams and who were prepared to make the
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assumption that the hydrogen bubble chamber will be a principal
expe:imental tool in the early 41970s or will at least still be

in existence. If you accept this you ask for separated beams
which are a couple of thousand feet long, most of which is filled
up with electrostatic separator. The unit of cost is ten million
dollars and the unit of staff, presumably for one experimental
group, is 100, They also make some remarks on the pqssibilities
of superconducting or cryogenic bending magnets for which they gi&e
curves of cost against size. The cost scale of these curves
starts off with one thousand, then 10,000, then 100,000 and then
you read that these are the costs in units of one thousand dollars(:)
so a certain amount of rethinking of budgets will have to be done.
But, frasnkly, it's only an indication as to what the physics at a
thousand GeV would look like if no improvement in apparatus was
made over the next ten years; and, since I don't think there would
be much justification for building a 1,000 GeV machine if the
experimentalists were not able to improve the apparatus correspond-
ingly over the next ten years, I just don't think what conclusion one
can draw from it. I just don't think it is possible to ask for a
convincing description of experiments to be made out on these lines.
I think that there is more to be done on what kind of beams will

be svailable and involving some ideas on things like magnets and

so on, sizes of target areas and amounts of shielding which will

be required. How do you stop 300 GeV Mesons? Well, the
Americans' answer is that just down stream from the target you put
500 feet of steel, then you put your experimental apparatus on the
other end: so you can see why one has to think a lot before

putting up a proposition on those lines.
The other kind of work which we are thinking of in CERN is to

look at things which could be done in Geneva if we weren't engaged

in a big major project of this kind, What can we consider doing
at the lasboratory itself, with it's present site, or with a small
extension; and of course, for this we have put up our project for

storage rings with the F.S. Nothing much new has happened on this
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recently except that it was talked about rather on the side in
the States during the study work on high energy accelerators.
I think there are a number of enthusiasts in America for colliding
beam experiments who teke z positive rather than a negative view
of the prospect of storage rings provided that they are added to
someone else's P.S.(!) The CERN physicists' attitude has been
to take a negative view of this proposal - that is the whole thing is
s waste of time from start to finish - let the Russians do it, it
will be our revenge for having been side tracked by them with
plasma accelerators, to side track them on storage rings. But I
think we were sufficiently encouraged in looking again at the
possible experimental adventages of storage rings, and at
the experimental programmes and experimenfal means of using
storage rings.

The other problem essentially is the argument between large
and medium machines. Where does the technical balaﬁce 1ie;
going further than the rather superficial arguments I gave
earlier, which tend to say that a high intensity medium energy
machine is a bit of a snare. This must be checked guantitatively,
A to pick an optimium size for the machine.
The Cheirman introduces Dr. J. B, Adams.

Dr. Adamg: I heve been asked to speak about the various
meetings which took place recently in the States. I will
rather quickly go over thosc. On the question of what is called
the Inter-Continental accelerator, the first meeting was at
New Yorks This meeting was czlled by the American AEC - by Seaborg -
and the idea wsas that this would be a meeting at which the various
people conducting study groups in the States could meet with the ones
who were presumably studying similar projects in Russis and compare
notes and designs of machines. The ACE invited to that meeting
some Europeans, myself as one of them, some Japanese, and two

people from the Internmational Atomic Energy Agency in Vienna, one
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of whom turned out to be Frofessor Salam. Now this meeting as
you know, was a failure, because the Russians did not turn up.
However, we did use the time to talk about the study which

John Blewett's Committee at Brookhaven had done and to a lesser
extent the one going on in Berkeley and Caltech. If I could just
summarise this discussion as briefly as possible, the sort of
criticisms that were raised - the.points which were picked up in
this great book which Dr. Hine has been showing you - were I think
theifollowing. Firstlx, for the first time one could see how to
extrapolate P.S.s to 1,000 GeV, and this, although one assumes it
now, is really an incredible extrapolation from 3 to 30 GeV to
1,000 GeV. When I say one can see how to do it, I don't mean
there are no difficulties here, but that there are really no
fundamental difficulties; and if I had to make an snalogy it
would be that the difficulties would be no worse than those we
faced at CERN when we set out to build the 25 GeV machine. The
second. thing was that the AG machine principle really seemed to
imply, as Dr. Hine has just said, that one can't talk about high
energy and high intensity machines as alternatives these days; one
has to think of them as the same thing, and in fact the higher the
energy the more intensity one is likely to get. This is a complete
reversal of where we were pefore,when people said "Well, let's not
go for energy, let's go for intensity", so they dropped the energy
in an attempt to make a high intensity machine. Anyone who is
talking about a machine nowadays, must be careful not to assume
that a lower energy machine will give a higher intensity.

The result of these studies then is that within the energy
range, say, from 30 to 1,000 GeV, the only thing that is.limiting
the machine we can build is money. I shall, now come to one or
two limitations, because I don't want to appear too optimistic

gbout 1,000 GeV machines. The other problem that came up in a
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really big way was this radio-activity problem, which Dr. Hine

has already mentioned, and I think one should underline this or
all these machines, and especially for a 1,000 GeV machine, which
is 30 times the P.S5. energy, about 10 to 100 times the P,.S.
intensity and about 3,000 times the beam power. I think the
radio-activity problcms ere going to be enormous. One must look
at them more in terms of reactors thun accelerators, and use
reactor technology for remote terget handling and maintenance,

all of which is going to reflect on. the cost of the mechine.
Another difficulty that was mentioned in the discussions concerned
the manufecturing problems of such a large machine. The study
rather assumed that one could build a 1000 GeV machine with the
same accuracies, tolerances, stabilities, and -so on, as achieved
in the CERN P.S. If you keep the betatron wavelength the same

as in the CERN F.S., this should be roughly so, but what I think
was ignored in the report, was that industry must supply 10 or 30
times the quantity of apparatus. Even with the CERN P.S. it was
difficult to find one firm who.could make the magnet to the pre-
scribed tolerances. If you sre going to ask industry for a
magnet ten times the weight of the C.P,8. magnet, and this is
rather & conservative estimate I think, it is by no means certain
phat,you will find one firm capable of manufacturing a magnet with
vthis amount of steel. Remember the troubles that the Russians
had with their Synchrophasotron magnet which also weighed 30-40,000
tons, One might have to face up to running many firms in parallel
as they did,and run into the same troubles. There is thus a
quantity problem and there's no let-up on tolerances and accur-
ancies to compensate - just the reverse, In these machine
designs you will find that the aperture has in fact decreased as
the energy has gone up, and this means that the focusing strength

of the magnets are relatively higher, and consequently the
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tolerances on field greadients are higher. If you throw together
greater accuracies with the quantity problem, you have a general
manufacturing problem which I think is an order of magnitude more
difficult than that of the CERN machine although it does not look
insuperable.

Another thing which came in for guite & bit of criticism was
the cost/manpower estimates. The report says that an inter-
Continental machine of 1,000 GeV will cost gbout £250 million,
and that it will take about 1,000 staff 10 years to build it.
You can easily calculate that this means that each staff member
will spend about £25,000 per annum. Now, in fact, nobody has
ever spent that amount of money per staff member per annum. At
CERN we only spent £10,000 per staff member per annum on building
the P.S. machine, and the resent rate of expenditure is about
£6,000 per staff member per annum. These average figures suggest
that you need not 1,000, but 2,500 staff to build this machine,
or alternatively it would take 20 years to build rather than 10
years. I think very few people here today would be prepared to wait
20 years for“Such a machine. 0f course, there is the argument
that you do not require 10 times the number of people to build a
30,000 ton magnet as a 3,000 ton magnet - itts not linearr— but
our experience at CERN has shown that if such large sums of money
are to be spent wisely and not wastefully it may well take 10 times
the staff. Another guestion is the annual budget of the laboratory.
People realised that this machine cannot be appended to an existing
leaboratory, but will need a new laboratory. At CERN we found that the
laboratery cost about the same as the machine. Let us suppose that
it's going to take about 2,000 staff to build the machine; at CERN
there are about 1,000 staff, extra.to those that built the ﬁacﬁine,who
are engaged in the 'physics programme. For a 1000 GeV 1aboratdfy a reason-

able guess for such staff is around 2000 and the total laboratory staff
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is therefore about LOOO or about four times the size of CERN.

The annual budget for such a lsboratory will then be about £40
million per annum. To summarise we can assume a figure of
£250,000,000 for the machines, which will take nearly 2,000 staff
ten years to build. The annusl budget will, I think, be around
£40 million; and the total laboratory staff abcut 4,000. if

we now assume that this machine is shared between Europe, Russia
and America, each paying one third of the total cost - it works

out that Britain would pay & quarter of the European contribution,
that is one twelgth of the £40 million per annum, say roughly B
million per annum, and that's about twice the present U.K, contri-
bution to CERN. I think it is very important to get these figures
home to people. The question of collgboration between the UsSatre,
U.S8.5.R. and Burope to build such a machine was discussed in

New York. As you know, the McCone-Emilyanov agreement is a
bilateral one between the USA and the USSR, and we Europeans were
invited to the meeting in New York by the Americans, (the AEC).

The question obviously arises "who comes into that joint project."
Do you invite the rest of the world; if not what countries do you
select - do you have everybody, the Arab states, the African states,
and so on? This is not 2 trivial problem. There are well known
problems about China, for example. A sort of guiding principle
was mentioned at the meeting regarding the countries who should
belong to the inter-Continental laboratory. "Only those

countries, having a highly deveoped high-energy physics programne
of their own, and possessing their own high energy facilities,
should be asked to join". You can see the difficulty herey
A country not actively engaged in high energy physics can make '
no effective contribution to such a laboratory and soon asks

itself why it is supporting it .financially.
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Another meeting that tock place around the time of the New York
meetings was the Pugwash Conference, which was going on at Steive in
Vermont. At this meeting, there were Russians present and the
concept of an internationzl accelerator was warmly supported by all
the participants. They suggeéted a machine of greater than'BOO GeV
energy and what is most significant, recommended that it should be
sited in Furope. The Pugwash conference is not an official meeting
- the members attend in their individual capacities - but it is a
very gseful test of the feelings of people. The discussions sug—
gested a new futuré for Turope, which should not be ignored, namely
that Furope mighi become a science centre for the world, The idea is
that‘the different fields of international scientific collaboration,
of which high energy physics is only one, would group their
laboratories in some area in Furope, which would be built up as a
sort of world scientific community.- space research, computors,
radio astronomy, and other subjects were mentioned as possible World
laboratories.' I think that we Europeans should encourage this idea.
Lastly, to complete this report on meetings, I should mention an
unofficial one that took place in Vienna betweenimilyanov, Rabi,
Haworth and others. Rabl and Haworth passed through Geneva after-
wards and Weisskopf, Hine and myself talked to them about it. It
appeared that although the Russians didn't turn up at the conferences
in New York, Emilyanov was still in favour of an inter-Continental
machine. He felt that it should start off bilaterally, under the
McCone-Fmilyanov agreement (already approved by the politicians).

He wanted toc get a team of experts together to talk about the

design of this machine. Ve discussed whether it would be worthwhile
to set up a joint project between the United States and Europe if
the USSR withdrew. Rabi's opinion (and also that of some other
Americans at the New York meeting) was that this would §till be
worth while, although obviously siting problems arise. If it is

put in Burope, then American physicists wouldn't fercl very happy,
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and similarly in the reverse case. The last problem he mentioned,
which affects us here at this meeting, is how can the Furopean
countries act in concert in intercontinental discussions about
accelerator laboratories. It is too cumbersome to write to every
Furopean Government or every Academy of Sciences during the formu-
lative stages. Rabi asked whether CERN could act as a .suitable
agency for Furope in this respect. I think that this is a feasible
idea which would facilitate the early scientific gnd technical
discussions. Of course, if the idea eventually reaches a project stage
every government would have to ratify individually.
Luncheon was taken at this stage.

Professor Weigsskopf: There is one thing which I would like
to say on what Dr., Adams mentioned this morning about a possible
tripartite machine. I should like to correct any false impressions
which might have arisen from Rabi having changed his mind. He does
not represent United States opinion. We got the definite impression
that the American A.E.C. are still in favour of a tripartite
machine, and would not be in favour of a bilateral arrangement.
I think we should, therefore, be careful in interpreting these
remarks. Another point I would like to make is the attitude of the
Russians. Fmilyanov did not give an explanation as to why the
Russians did not come to New York, but he did not lead us to
believe that there was any lack of Russian interest in an inter-
Continental machine. Probably the American request had been made
too late or through the wrong channels. As far as European parti-
cipation is concerned, Fmilyanov is cuoted as having said that he
expects broad participation fairly soon; now whether this means
tripartite, or every country in the world, for example, China,
Japan, eto., I don't know. This wasn't stated. In other words

we can't really bank on the Russians as thinking of a wurely
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tripartite machine in the way we do. On the other hand, as far as
the Americans are concerned, I think they will be forced into a
tripartlte maechine because of location; that ig it could not be
placed in America because of* the Russian interest and vice versa,
and, therefore, it would ha#e to be in Europe, and therefore Europe
would have to participate.’ However, fhis argument does not exclude
.a wide-open world‘plan, although I think most of us would accept

that this would lead to difficulties. This is one thing. The

second thing is that the actual procedure proposed was as follows.
Emilyenovwas very eager to go ahead with an exchange of plans such

as shcﬁld have taken place in New York. These would take place on

a biléteralvbasis in November or December of this year. He showed

me some 30 odd papers which the Russians had already written to |
whet the appetite of the Americans. Unfortunately, and I'm not

quite sure how this happened, the initiative was left to Emilyanov.
In othef words Emilyanov was supposed‘now to invite the Americans

for the next meeting. This should tske place in November or |
December, and my last information from the Americans, dating a

week or so, is that nothing has been heard. '

Dr. Pickavance:

I had intendsd to run through the National Institute provramme 28 Wwe
gee ity but I will now leave this to come out in open dlscu331on. &
think I will make just one remark, in the spirit of what Sir Harry
Melville said this morning. This applied certainly to this country
and pvobably to' some of the other major membsr-states pf CERN; namely
that there are essentially three-ways. in which.one can 4o research.
:Firstly. universities do thzs research with their own resources,
though it's. pretty expensive end these have .teo; be, augmented in our
case through D.S.I.R.; and, .secondly, there are bodies like N. I R N.S.

where thlngs are bigger and ¢n a sense have to be nationalised, for
conomlc and organisational reasons but where, and I think this is

important because it is_aipart of.: the fundamental pollcy of theg
National Institute, we try.as far as we egs 'L. inftegraie this '
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research work the universities themselves, and not just with *ndivid-
uals who come to work with the machine, Then, thirdly; there is the
international type of laboratory which is necessarily far more remote
frmnthe particular universities as such, not only by reason ofdlstancq

but because of the very large number of universities in the 12 or 13

member states of CERN. The only point I want to make, which is
what Sir Harry Melville said, is that when we can, we mﬁst, as
scientific people, make a case for a particular programme, a
particular amount of money which we feel is jusfified, and finaily
when we get whatever fraction of that we can, we have to be very
careful in dividing this sum (and the manpower correspondlng to
this sum) between these three different 1evels. It lS my oplnlon
that these three methods are all extremely 1mportant 51nce they
serve somewhat different needs, although possibly some of them vary
between one EBuropean country and another. \

» ‘Profegsor Powell: Well, sir, we've heard this morning a very :‘

detailed account of the considerations Whichvare before CERN, and

I thought the most useful thing I could-do would be very briefly.to'
distinguish what seem to be the essential points. Let me bégin by
saying that at CERN we proceed from the éséumptién,'aé Professof“‘
Weisskopf mentioned, that the physics of eléhentary barticles Will;”
for a long time to come, be a centre of great intéféét in the -

r

general body of physics. This is a point of‘great importance in
discussions about the rival clalms of dlfferent‘301ent1flc disei-
plines. Professor Weisskopf has already sald that we can havem"o1more
confidence sbout this.than would have been reasonable two years ago.
We now know-that there are worlds within worlds here, we have
incréagsing reason to believe that there will be a great extension

in kn6wledge, and. a- great field of reseaééh for tﬁe nekf 20'yéafs{-

* One cannot 'look at the present complexitiés iﬁ.the sﬁbject and ‘the
level of;our theoretical Bnderstanding,‘withoﬁf seeing that
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we must expect to make profound advances. With the evidence for
new kinds of particles, ephemeral particles; and for the core of
the nucleon with all the experiments related to it, already we

see a tremendous field of investigation. It is therefore certain
that this field of physics will command the attention and enthu-
siastic support of the elite among the scientifically -disposed young
people all over the world. A lot of them will gravitate in this
direction. For the general standing of European science it is
therefore vital that the efforts already made to establish an
internatiogal centre of high standing should be properly supported.
This is absolutely vital for retaining within Europe a large
proportion of the best creative talents that it throws up.
Anything which illuminates this point of view is valuable to us,
and I think that at some stage we might try and formulate a
document which would be an instrument in the battle for proper
recognition of this field, nationally and internationally.

Now, in this situation, as Professor Weisskopf has emphasized,
the Scientific Policy Committee is convinced that proper support
should be given to the present machine, on which so much effort
has been devoted, so that it proceeds with the maximum possible
momentum, generates prestige, and allows as much experience to be
gained as possible. There is a common belief in the Sciehtific
Policy Committee that the basic case is well founded, and that we.
shouldn't estimate the resources in manpower and the material
within Burope as a whole to be less than those available to the
U.S.A, or the U.S.S.R. Our resources in both these respects are
commensurate with those of these other Powers. '

Provided that the first priority of the fullest exploitation
of the present machine is affirmed, then I think it would be the
general view of the Scientific Policy Committee that the various
possibilities for new machines should be fully explored. This is

essential if CERN is to retain its status in the future.
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The Committee believes that there should be propef support for
design and-development studies, taking account of all the new
technical innovations. It will then be possible to reach an
informed decision in the next year or two, when it will be
necessary to formulate final conclusions. With regard to the
international proposal for a really great accelerator, I think
that one feature that hasn't been mentioned is that there is a
very general disposition within the Scientific Policy Committee
to think that whatever decision is reached in this matter, CERN
should retain its independence; CERN should not be the centre
round which the machine should be designed and construected.  The
idea here is that for the proper promotion of physics within
Europe, CIRN is a vital and essential instrument, - just as
laboratories within the national state are essential. It is
not in the best interests of FEuropean physics that CERN should
lose its identity in a general international organisation. Never-
theless phe Scientific Policy Committee is very much alive to the
fact that the establishment in Europe of such a great new inter-
national laboratory - possibly not far from CERN, or in fairly
close relation to CERN ~ would be a great advantage for European
science.

Finally, it may be mentioned that in relation to any projected
new accelerator, the job of the Scientific Policy Committee is
to consider the scientific justification for the machine,
irrespective of the resources involved and the way in which those
resources might be obtained. The terms of reference of that

Committee are such that it advises on scientific grounds alone.
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Professor Butler: Well, sir, I don't think I can add much

that is new to what various speakers have sald already, but maybe
I should mention some of the conclusions which were reached a
while ago by the CERN Panel. We did in fact meet to discuss one
or two of the early papers on the storage ring system, back in May
of this year, and we took the opportunity to have a brief discus-
sion in that Panel of the future developments at CERN. I think
essentially we reached two conclusions, both of which have already
been reached by many other people as well. Perhaps they are worth
repeating. First of all, it was certainly clear to us, as I think
it must be fo everybody now, that there is still room for an
enormous amount of work, and probably expansion of support for
developing the proton synchrotron to its utmost. Certainly this
must be of the highest priority, and the first charge on any new
fundé that can be got for the corporate high energy enterprise in
CERN. It is clear thaﬁ there is a big programme of work in the
next few years - for example, Jjust this commissioning of the
Eastern Experiméntal Area, and the equipping of it properly with
separated béams, is something which has got to be pressed ahead
with, we hope, very énergetically, in order that about a year

from now there can'be something which is really working there. So
we felt quite certain that this activity should have top priority.
Secondly, I think those iembers of the Pansl with experience of build-
ing acceleratars certainly f21t that the storage ring projoscl w s one
of grest interest technically, and looked a very feasible and a
verylelegant device, but some of the experimentalists'— without,

1 musf‘édmit, a great deal of thought and study - had great doubts,
very much along the same lines as their colleagues in CERN (i.e.,
its lack of secondary beams, the fact that it appeared that this
machine WOﬁld not support a lot of experimental groups - it would
be a device for one very limited study - the strong reactions_of
the protons and so on). It might only support a very limited

number of experimentalists and this in a European laboratory,
| ' .



where many different groups would want to work,: seemg something: of
a snag. The attractive thing at the moment is to have more beams,
good sepafated beems for bubblé chamber work, and a great .variety.
of gdbd beams for'counter'Work, and we haven't achieved all these
yet with thHe P.S. This new project therefore seemed ‘to us to be
rather limited, useful though it might be (and it might be the -
only waj'to tackle a problem, or a rather narrow range -of"
préﬁiems); it dian't seem widé enough to make a' really attractive.
thiﬁé as the next phase of ‘development for a great European
laboratory.

T think that is really all I would like to say on the Panel's
remarks, and perhaps I can make one or two very small remarks of
my own, which again are, perhaps, reiterating points that have
been made already but seem important. It does seem to me that for
the first time we can, perhaps, plan a new project in a more
physical way'than was done in the past, and I'm quite sure that: .:
when the C.P.S. was planned - I fe€l this must be so - people
didn3£ really understand exactly how it was going to:rbe used. I
can certainly remember a very distinguished American
experimentalist,'who lives on the West Coast, saying only a few
yéars ééo, just before the machine worked, that, well, .it wasn't
goiﬁg to be a very useful machine, becauseé one just could. not
handle beams of 20 GeV. I mean, these things were just too high

man energy, no-orne had thought of any beam-handling at this energy .
that was practical, and therefore the machine was not going to be
a very greaf succéés. What had been overlooked, of course, and.
what has been mentioned téday, was that the energy of the
seconda;ycbeams at their most useful flux comes out at a few GeV,
and so it's an excelleﬁt machine for producing strong- secondary
beams af a couple of GeV or so. Well, we've all got the feeling,
intuitively perhaps, but névertheless I think it's a feeling that
all high eﬁéréy physicists would agree on, that it's going to be -
worthwhile puiting up the energy of strong secondary beams, also.
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worthwhile trying to get the intensity of the existing energy -
range up as well. DBut if we are going to push on, surely the
right way of doing so is to say, well, the secondary beams of the
CERN machine are best in the region of 2 GeV and so, and have a
tail which runs up right into.the 10 or 15 GeV region (but the
flux is not terribly good up there); therefore what we want to
decide on is a machine with an optimum for the future in the 10-20
GeV range, and then presumably the engineers and the physicists
can get busy and design a number of machines and cost them out to
meet this kind of secondary specification. So you start not by
talking about kilowatts in the beamn, but about kilowatts in the
secondary beam; and then try ta do an operational research study
on what the machine would look like. One has the slight feeling
at the moment, of course, that it would be a machine of volts
rather than amps in the main vacuum chamber. None of this study,
of course, would tell you how much money you ought to spend. I
don't think there can be any argument of physics which will say
that it is worth spending a given amount of money, but it .is
certainly worthwhile saying what has got to be done to push up one
stage further, perhaps an order of magnitude, the useful secondary
beams of.the ¢.P.S.Maybe this will not come to be the world
machine, but my own view is very much that I think we ought not to
let this inter-Continental device befog the issue at the moment .
CERN is certainly not going to diminish, and not going to be shut
down suddenly, I feel sure. Like everyone else, I've got
tremendous admiration for what has been done there; we want to
see this level of activity develop in the next few years and be
maintained into the 41970s, and this can only be done, in my view,
if CERN has a new machine of its own, for Europe. I would like
to see a machine with good secondary beams, with the possibility
of having these beams an order of magnitude up in energy on what
we have got at the moment.

Professor Salam: Well, Sir, listening to Dr. Hine and
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Dr, Adams, I was a little disappointed,. If 300 GeV is the
upper limit .one has already fixed for the national effort, and
1000 GeV for the international machine, one has not set one's
sights high enough., I want to associate myself fully with what
Professor Weisskopf has said about the very exciting vistas of
physics which one can look Fforward to from the higher energy
machines, The situation in our subject-is like a . television
screen, with a lot of dots appearing., These dots form into a
pattern after a long and intensive programme of experimental
work which has really just got intd a stride. I wish to:
emphasize that so far as strong interactions and weak interac-
tions are concerned, we have only got a very few dots on the
screem, hardly making a pattern., All the present machines give -
is 5 GeV in the centre of mass system concerned, The projected
machines will give no more than 25-30 BeV, The pattern I anm
talking about is almost certainly not going to appear at 5 GeV
centre of mass, This is just too low when compared to the rest
energies of our projectiles (1 BeV or so). Higher energies are
an absolute necessity, I would also take the point of view that
Professor Butler took. The international machine is probably a
very long way off, Conversation about it should not deflect
Europe from embarking on a project of the 300 GeV type on its

own and worrying about it now in a preliminary manner,
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Dr. Adams: Could I meke just one or two points that may
fire off a few starters in the discussion? I think we have got a
rather practical problem. This is as follows: that for the local
CERN programme, if we want to have protons accelerated to higher
energies, then the choice one has to make is between machines of
50 to 300 GeV - I stop at 300 GeV only because the Americans
decided that was the biggest national machine. The choice lieé
somewhere in that range for the local CERN programme, if one wants
protons. If you want electrons - the only thing we don't match up
in Europe with America is, of course, the Stanford electron linac
(LO Gev, or thereabouts) - you can consider a very big electron .
synchrotron; but listening to people one rather has the feeling;
at least until recently, that protons are better than electrons in
these sort of energy ranges. However, I just mention the point
because I think perhaps somebody might want to come back on that
one. So this is the local CERN programme. If you want to go out-
side that to the inter-Continental programme, bearing in mind what
Professor Weisskopf said about the American attitude, it means you
have got to think of about a 1,000 GeV machine, and the practical
problem then is - can we afford both? Because, as I tried to
point out this morning, the 1,000 GeV world machine will cost up
to, if it's a tri-partite arrangement, about twice the annual
pudget of CERN; and 1f you throw in, let's say, a 300 GeV machine
for the CERN local programme as well, you can put in another
factor of two. This is an increase in physics, looked at froﬁ our
point of_view in this country, by a very large factor, and the
point is, can we afford it, can we persuade people to pay for it?
Now the last point is, exactly on the same theme, in the last
year or so I've had the feeling that one is discussing the merits
of Rolls-Royces and Mercedes, whilst most people are wondering
#here their next bicycle is going to come from. One gets the sort
of guilty feeling in CERN that there mpst be some way of working

out how much you are going to spend on these extremely elegant,
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very nice, machines that are going to be used by the elite (and'
must be availeble in Europe, otherwise we just lose our good
people) and to balance that against the University-type machine,
without feeling hopelessly guilty about these decisions. You can
do a’very'éimple sum. I talked in terms of this very big machine
costing 25 times as much as the CERN P.S.; in other words you can
buy 25 CERN P.S.s for thet amount of money. Even if you take our
one-third share, then it is still eight P.S.s; and if you scatter
those'around in Europe, then you can do a lot of physics with
them. You see we are at opposite poles and I can go back and say
you can afford ‘thousands of small university machines for the cost
of the one big one. Somewhere, I think, in this country, we have
got to have a system whereby we can make some judgments on this
enormous scale and come to some sensible conclusions. Otherwise,
I think, we will always feel that CERN is running off with all the -
money and, after CERN, it's the world machine which will be
running off with it.

Sir Harry Melville: Well, I think Dr. Adams has only touched

on one part of the problem. The real problem, you must realise,
is that the dilemma will have to be faced in this country when
there are other fields with expenditure of much the same order of
magnitude, such as space pesearch. Radio astronomy is on the
horizon already. There are other fields which may well come into
the category too, almost extensions of pure physics, and the
trouble will be that it reacts badly on thoge people in the
universities who are desperately anxious to have what they need
for.“normal" research. So it's not just the problem of backing
nuclear physics, and trying to balance the effort at the

natibnal and international levels: 1t is really a question of
what is reasonable to try and urge this country to spend on those
fields of pure science which have obviously no prectical applica-
tién;'and this is a terribly difficult thing. Once upon a time
the ‘amount of money was so small that it didn't have the slightest
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effect on the total research wor: of this country. But if you
remember that the U.K. spends, altogether, rather more than £300
million on research and development of 21l kinds, defence and
civil, then these figures which we are talking about are beginning
to reach a significant fraction of that sum of money. So this
really makes the problem a national one, and not just a matter-of-
fact argument with each case going up to the Treasury to get the
money. How we solve it I just don't know. We have tried, in.
D.S.I.R., to balance University nuclear physics against other
desirable things like radio-telescopes; we've got some kind of
balance, but that has only been achieved with the utmost degree of
difficulty. The people who advocate the variouc types of’
apparatus, the acéelerators or telescopes for example, all press
their own claims independently, and say they can't reach a
decision between an accelsrator and a radio-telescope. Then you
have to appeal to some higher body to make the decision. But who
is that higher body going to be? As I said this morning, if you
get a sufficient body of scientists who are willing to make these
very hard decisions - some are bound to be disappointed — then
much better to do it this ways.

Dr. Adams: I think the first thing must be that we should
put our own house in order in high encrgy physics.

Professor Cassels: I must say I would 1like to support this

last point very strongly. Dr. Hine was drawing a picture of high
energy physics with a broad base at the bottom of the triangle
going up to thispinnacle of a 1,000 GeV machine; but, in fact,
the triangle we are building in this country is not that shape at
all, and unless we have strong university Departments for turning
out the high energy physicists who will be going into this higher
field it's not worth building the machine. At Liverpool, for
example, we tvrn out some eight or ten high energy physicists each
year with Ph.D.s who are all absorbed in the enterprises given in

Pr., Hine's 1list at the end of his report; but we can't go on doing



this inderinitely unlesg we have a strong school of high energy
nuclear physics, Néw in our case I am Ffairly confident that in the
future we are going to be éupported by é new machine, but it seems
clear that the Glasgow case is a glaring example of a situation

where one of these important sources is not being supported, I

think we must cut the base of the triangle to suit what we are trying

to do at the top and that is not being done too well at the moment,

Sir John Cockroft: I think, if I may say so, that the D.S.I.R.
Research Grants Committee holds the guite general'belief that we
should give first priority to backing‘up the inexpensive forms of
physics which are carried out in the universities, If we have any
money left over we can go for the larger and more expensive projects,
but the "university" level science should take priority and have its
natural growth provided for, I don't think there is any doubt about
this. |

. [Some discussion then followed about the Glasgow Linear
Accelerator Project, for which D.S.I.R., had been unable to
announce an award, ]

Professor Dee: I think the real relevance of what Professor
Cassels has said was in the sense that Dr, Hine and Dr, Adams brought
it up and I don't want tp pursue it further than that. But I think
the essential poipt is simply that here we are talking about a school
which at the moment is producing of the order of six to ten Ph.D.s a
year - this is a very cheap activity compared with the things we are
talking about, I am talking about £200,000 a year, whereas Dr, Hine
was talking about two hundred million a year. This is the essential
thing for this Committee., There is this factor of 1,000 involved
here, and I think it is a relevant point which we should have in
our minds that we are talking -of an expenditure of 200 millions for
one thing while failing to provide £200,0QO for the other,

Professor Cassels: I was of course only trying to make a

general point. #We have got to nourish the roots if any of this 1is
going to be worthwhile; and it has to be done over a long period.

The two other points which I.would like to make are first that
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I would not agree with Professor Butler that it is essential that
_CERN should have another project at this time. It seems to me that
CERN has got the task of keeping up Europe's:  position in high
energy physics and that this can best be done by really making a
first-class show with the physics done with the present machine at
CERN. I don't think anyone would disagree with this for a moment.
" CERN is already accepted as:'being at least egual first in building
machines so that is tsoken care of for the time being; but it .is
not generally accepted that CERN is equal first in doing physics
and I think the most important thing is that it should set itgelf
that target in the next few years. The new machine is not necessary
really to sustain morale or the flow of physicists to CERN from
BEuropean countricse.

The third point I wanted to make was that it seemed to me
rather essential that if there is going to be an intercontinental
project we should not be left out in the way that some of us
remember Britain was left out for a time at the beginning of the
CERN project. Is there not some way in which we can get more
formally into the intercontinental negotiations - for example by
the Prime Minister meking a speech - it seems to be left to the
Americans and Russians at the moment.

Professor Weisskopf: I am in many ways very much in agreement
with Professor Cassels. First of all I would like to come back to
this first point,about the triangle, or rather the formation of
the base of the triangle. This is also very important from the
point of view of CERN. For example, if we are cut down, I mean if
we have strict‘upper limits for the budget and yet at the same time
are talking about spending some money in connection with a new
European machine, then we must get a reasonable increase in the
CERN budget which will allow the most modern methods of exploita-
tion for the present machine. If we do not get this and yet are
thinking of spending money on a new machine, then we arc making
the same mistake but at a higher level. I would also like to make

one remark in which I might be influenced by my American
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experiences; this is what one might call the Bose statistics

effect, There is an effect in America certainly, and I think also

in Europe, that where one engages in large projects the smali

projects do profit by it. There is not a conservation law of pounds or
dollars for financial support. You can also call it the "shirt-tail"
effect, the smaller machines are pulled up by the bigger ones. It
is very noticeable in America - I don't need to give you any examples of
it. It is, of course, important that there should be more

small machines in Furope, but I think it is wrong to say let us

cross out the big machine and then divide up the money for so many
small ones. It is rather the other way, let us get the big

machine, and we will find there is enough money going round for the
small machines too. This may be over-simplifying the position but

I think it ie valid to some extent. .

Now the discussions we have heard here are going on in every
European country and should perhaps be going on on an inter-European
level. This, together with the last remark of Professor Cassels,
namely are we a real third‘paftner in the international éamé,
brings me back to a point which Dr. Adams made - we must have a
European high energy physics body which allows Europe to be
represented in discussions on a tripartite machine and gives us a
chance to take an active part. But more than this it must be a
body which acts as a central collection point, of ideas and of
discussions, as to high energy policy in Europe. Where should one
machine be built and so on. For example, the French are now talking
about - I don't know how seriously - a high intensity 25-~60 GeV
machine - well it might be a good idea and it might not - but I
think a machine of this kind ought to be considered on the European
level. Now this is why I think this Panel should take this point
up in discussion. In what form can we establish a place to
represent Europe in respect to thinking about new machines and
planning machine strategy. This, I think, is an importaht point,
and though we mustn't assume that CERN will be the place for a new

machine - and I agree with some of the observations that have been
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made, for example, that if there is a new international machine it
might not go to CERN - this centre for discussion has already been
created at CERN, I should like to ask your advice on how to
establish such a centre and whether you agree with me that the
centre should not only think about new machines and the experiments
which can be done with them, but should also think sgbout the
European situation, for example where machines, including those

of the smaller type, are needed, and how the whole European
equilibrium can be maintained, i.e., how the triangle can be
maintained,

Dr, Ashiore: We are talking about the base in this country

s -

and can I just say that the base 1s even worse in some other
European countries, Holland for example, This kind of body we are
talking about now should surely be able to help countries like ihat
in developing their high energy physics.

Professor Powell: I think that if such 2 body were established

and if it took into consideration not only the great machines but
also the general development of this aspect of physics - and if, as
Professor Weisskopf said, it was supported from within the
universities - it would be a very powerful instrument in helping

to secure wise policies in a great number of states,

Professor Weisskopf: Well, let me add this; I think that in
a second international machine it is almost a condition that we
should have reasonable faith, ‘hen the challenge to join in comes
it will certainly be impossible to start a second international
machine project on a country by country basis. :Te must have for
this international machine at least, if not for others, some kind
of body which represents Europe -~ not in a political sense because
it would be unable to enter any commitment:s, but a body that can be
approached and that can talk in the name ol European high energy
vhysicists,

Sir John Cockecroft: Well I can't see why CERN shouldn't do

this - we don't want to set up a new body, we've got far too ma
9 S
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already.

Dr, Pickavance: Well I think that's the answer - one wants an
informal approach at the momeut, the less formal the better. - The
main thing is that the scientific people - the technologists on the
machine side and the physicists on the experimental side - should
know what each other are thinking in various countries. I think
someone mentioned earlier on that there was already a small
beginning in this direction where CERN had taken the initiative and
which everyone else very much welcomed: that is, this travelling
European study group, which is at least making it unlikely that if
separate countries pursue their own national programmes according
to their own needs they do not fail to get together on machine
designe

Professor Weisskopf: I think it needs a positive statement
from the Council that CERN can represent Europe in this sense.

Profesgor Cassels: But presumably the CERN Council can take
the necessary steps to empower itself to reprecsent Furope in these
intercontinental mechines discussions - and I think it should do
that.

Professor Powell: I think the terms of reference should be

wider. It seems to me the whole effect of this body would be much
more powerful if it was manifestly concerning itself also with the
background which is supporting CERN and which in the long run is
absolutely essential to the future health of CERN. Its pronounce-
ments will be much more weighty if it has considered the proper
support of nuclear.physics in the member states and the health of
the university institutions.

Profesgor Cassels: You've got to be a little careful about
this. PFor example, we might find that University 'X' can't go
ahead with a project of its own without asking European permission.
Let's use instruments of wolicy at each level which are appropriate

to the scale of what you are doing.

Professor Powell: I am anxious about the situation which we

have discussed here today where.CERN is also concerned with the
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proper support of its roots in the member states;

Dr. Adams: Well perhaps what one could do is this. CERN has
got to exist by having roots in each member state, and it might
make general observations on the level at which these roots should
be nourished, for example countries should épend this sort of
fraction or that sort of fraction on purely university types of activitx
i.e. this is the proper expenditure to support the other end. Observa-
tions of that sort would be very useful and would, I think, give
valuable guidance to the member states as well,

Professor Gunn: I should have thought we didn't need to give

CERN any formal powers here. NIRNS already has a programme where
projects are put up and considered at the national level and I
should have thought that on the whole we don't want to use CERN as
a further consultative body. I feel that CERN's office should be
informal and that one should discuss national machines at the
national level., One doesn't gain by spreading the discﬁssion too
much.

Dr. Pickavance: I certainly agree with what Professor Gunn

says on the part which NIRNS might play nationally but I had
assumed that we were talking about securing views on national
programmes — and not in any way about determining them.

Profesgor Merrison: I think one thing which would be helpful
here is the following. When we talk about relations between the
groups and international organisations like CERN, we think of
sending young men to CERN, seeing them coached up and then return-
ing again. It would be extremely interesting to know what in fact
does happen as an overall picture to the young people sent to CERN.
We found at Liverpool - however, we've only got a few figures to
work from - that in fact they don't return. There are two
peagons - one is that they meet Americans there and good high
energy nuclear physicists are in just as short a supply in the
States as they are anywhere else and they are whisked off to
America. The other reason they don't return is, of course, that

we have very little to offer them - once they've tasted the glories of
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a machine like the P.S. at CERN they want to go on to a machine
at least as good if not better - so I think it would be interesting
to know these numbers.

Professor Weisgkopf: I think this is part of the shirt tail

argument - you won't get good people back from these organisations
unless you offer them a good carrot.

.Lghnﬁgggi Mey I make one point on this question
of general European co-ordination. There has been
running this studyigroup, so called, on accelerator planning for
about a year now, where the accelcrator engineering design groups
heve quite unofficially been getting together to try and see what
their opposite numbers are cooking up. Already a certain amount of
clarification has come about and instead of everybody wanting to
build a 12 GeV high intensity P.S., now nobody wants to build dgt
In particular as far as CERN is concerned we are very anxious about
our own manpower supply: Just as Professor Merrison says - how
many people are coming in and how meny are likely to be coming in
in the future, and where are they likely to go to. In fact I have
suggested that at the next meeting of this accelerator group we
should start to look seriously into the supply and demend problems
of high energy physicists over the next decade from what is
supposedly going to be available in the light of governments'
policies, i.e. what staff we think will be required for a new big
accelerator somewhere and the effect this will have on national
programmes. These things we had gquite independently proposed look~-
ing at and I think it is most interesting that the same ideas
should come up from people here. What would be a most valuable
thing to find out about is how are the various levels of this
pyramid going to be built up in future years: is it completely
ridiculous to commission a new European machine in terms of the
staff who will be available to work on it? I don't know, but I
think it is interesting to do something on these lines.

Professor Weisskopf: I think we are on an expanding plane

where we shall need more physicists yet, and therefore this is
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the worst time to stand back. On the other hand we do ail we can
to keep physicists and prevent them from going to America. The
fraction coming back from America through CERN I don't think is so
good; I think they have too many commitments.

Profegsor Merrison: I was really not criticising CERN, I was
emphasizing the_argument that CERN should interest itself in the
national programmes in each country and reinforce those nrogrammes.
Tor example, a very peculiar remark of one of your young people at
CERN - a Dutchman: just a few weeks ago, I asked him whether he
was thinking of going beck to Holland. He said "No, 1'm not old
enough to look at bubbles". He had nothing in Holland to do
except look at bubble chamber pictures and his inclinations in fact

did not turn that way.

Professor Weigskopf: I think this is a problem typical of

countries such as Holland and Sweden. It is less of a problem for
England because let's not forget that small machines do have
attractiong too; for example, there are quite a number of young
people at CERN who prefer to work with the small machines because
of the more persocnal relationship, and such people might not go
back to Liverpool, or even to England.

Dr. Pickavance: We have even smaller machines than that which

may even be more attractive.

Dr., Adams: Professor Cassels was saying, and I think we all
agreed quite rightly, that CERN's next step is to do some good
physics. This is quite evident, though, if I may say so, the other
problem is that if we don't think of what we want to do in ten
years' time, and this is the really difficult thing to do, then we
won't have aﬁything ready in ten years' time. Most of the fhings
we have been talking about seem to have a time scale'of the order
ofmten years, sorthat really.one has to do.thé twé togethef: to
think about the facilities for the next decade'ahd, of cdurse, fo
make absolutely éure thét you are going to do some good phjsics in
the meanwhiie. It yoﬁ don't do both, nobo@yfs going to suppqrﬁ
you; so0 you've got to do boths
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Professor Cassels: I agree with you. But what I suggested -

was that we should get rather more out of the Continental
discussions with a view to being able to see within, say, two
years, whether or not it is going to come to anything.

Dr. Adams: Yes, well that would be the sort of solution: I
mean what Dr. Hine has said about a disarmament conference on high
energy accelerators. Anyhow, there is this idea that even 300 GeV
is getting so large that it is more appropriate to an interconti-
nental basis; and if one can get agreement that the Russians, the
Americans and the Europeans won't build any more national machines
then we can all build one 300 GeV one together; meanwhile we get
on with what we've got. This, I think, frankly, would be ideal;
and a most sensible programme bearing in mind the money situation
and all the other problems that we were talking about, staff and
other competing interests. But I don't know how you can get this
disarmament conference going. If it is the feeling of the Panel
that this is the right course, then perhaps CERN should try and
press more in that sense rather than trying to get its own
programme and a share in the intercontinental project.

Mr. Mullett: Berkeley are in the situation where they need a
new machine even more desperately than CERN. And we know in fact
that they've been doing studies, not necessarily for a 300 GeV
machine, but 100 to 300 GeV. They've been doing studies of cost
and manpower and so on. These people are quietly working away to
achieve, I think, a purely Berkeley proposal. Maybe they would
consider collaboration with Brookhaven but I think we shall find a

Berkeley proposal and it may not be 300 GeV.

Dr. Adams: Well, there was one statement made by the A.E.C. that
any new project of 4100 GeV upwards would have to be a national
project, - the A.E.C. would not support a Berkeley or a Caltechor a
Brookhaven project - it's got to be a national onee.

Professor Cassels: Surely the time scale for finding out the

kind of international politics involved in an intercontinental
machine is not too long. I mean, political ideas either grow or

wither, they don't stand still. So surely within, say, 18 months
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to two years; 46 can sece whether it's goinz to come to anything or
not, If it's not -oing to come to anything then I agree we have
ot to make another European effort., However, one thing worries
me here, 1 think that 1 to 5 GeV may be the classic energy of
elementary particle physics and that beyond that everything will
go off in an asymptotic fashion. We were told this morning that
every step in enersgy has led to new and cxeciting physics. Well
this isn't quite true in the step from & to 25 GeV, /e haven't
had zny new physics from the CERN P.8., although that machine is a
much more powerful sngine for doing what the Bevatron did before,
So it's not clear to me that another step by a factor of 3 or L is

specially needed,

Professor Salam: The trouble with CERN is that the energy is

too low, I am sorry, but this is the truth,
Dr, Adams: I would have thousht a third share of a 1,000 GeVv
imachine was a good next step to take.

Professor Wilkinson: This is surely the sort of thing that we

could try to find out: what is the feeling in this country on this
question? I think that at the moment Professor Cassels is probably
in a reasoned minority, There is this emotional friction against
having another big step taken by Europe. Certainly in CERN more

than in this country I lLeard the view put forward that Professor
Cassels put forward, but I think this is probably because we

haven't really sat down and weighed the two things against each
other, My own feeling is for another step in Europe. In this
connection I would like to put forward a viewpoint which is radically
different from the one we have had so far; that CERN does not exist
for satisfying the aspirations of the member states, it exists

rather as an expression of the increase in the intellectual

standard of livinz in Burope, IFf I am right, we have a responsibility
towards Europe as & whole which is not simply a reflection on our

oWn use which we hope to make of CERN. We have a very big share

in the budget - and this will have to Qontinue presunably - and if
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we want to express this responsibility in what must be an expanding
situation, we do have to rind means of getting more money out of our
Government and into CERN, This mnust be reco:nised now whether or
not we immediately start on @ new programme in CERN - whether a
desizn study of a more serious consideration. We can always put it
a year or two, but very clearly it's going to come sooner or
later, and now is not too early to tiry and get out of the Government

4
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the doubling or guadrupling of the CERN budgze I would like
this sort of money put in competition not with small local projects
in nuclear physics, or in science generzlly, but put in competition
with things like egz subsidies, This is a matter on the political
level which we as a Panel can't do much sbout, but I think that as

a Panel we have to recognise this problem and that we ouzht to start
using our influence, such as it is, to find a solution., I think
part of the argument one would make for this idea of a biz develop-
ment in CERN is the political one that Europe has got itself into
the position of a first class power in elementary particle physics
and unless something of the sort that I am talking about is done it
will not remain a first class power. These are the sort of short

sentences I think those above can understand.

Professor Powell: In relation to this genersl discussion,

Dr, Adams has put the point that there would be very great advantages

in a general moritorium and an international project to make a machine

of 300 GeV, the understandinz beins that the present machines and
the predicted machines would be fully exploited, The advantages of
such an international project are go great that they might find wide
support, Our justification for a very big step forward is based at
present on very general considerations, The position will zet
clearer in five years, Perhaps, therefore, a general moritorium as
the basis Tfor an international project - that might be a sensible
suggestion in relation to the scientific advantages we are going to
get from this field as far as we can see them at the present time,

I would only add one condition to that, and that
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is that the machine should be in Burope.

§;p_§ggglnﬁgly;;;§i T think what Professor Powell has said
would appeal to those at a higher level because then it would be .
big money being approached on a rational besis; this would be
very desirable and would be much better than, cay, & multiplicity
of 50 GeV machines, which might ndt get the support which you
expecte

pProfessor Merrison: I think that would only be scientifically .

desirable for CERN's project if at the same time one had the base
of the pyramid supported to a greater extent than it is at the
moment., I don't think anyone is suggesting that we should not ask
for money, it is this conflict of interest in universities and .at
the_hational level which causes difficulties with an international
project. It is é difficult situation and postponement may help
this conflict of interest, but it wouldn't really stop us asking
for money at the lower level.

Professor Cassels: There couldn't be any moritorium if the

Americans didn't keep to it.
Dr. Adams: Could I ask another question. Do people here

think there is any chance of stepping up the support of high i
energy nuqléar physics by a factor of two or three. I mean, are

we talking sbout sﬁmething that can really be done. You know that
the American high energy physics budget is going up from 400 million
dollars to four hundred million dollars by, if I remember rightly,
1970. Anyhow they're planning on that sort of order. Now are we

in Burope clear that we are going to be able to raise the

necessary money?

Sir John Cockcroft: Well, we don't know the answer; we shall

have to wait and see. At the moment we've got this freeze and ag
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think we shall know much better in about a year's time what the
prospects will be of raising more money. Anyhow we can't place
any confidence in getting more money on what we know at the moment.

Dr. Adams: So you would advise just going on without studies,
which will in fact lead to new proposalse.

Sir John Cockeroft: Yes, I think so.

Professor Wilkingon: The point is surely that in space we

cannot hope to compete with the Americans, whereas in high energy
physics we can. We're not talking sbout some astronomical figure -
we're being realistic; and we can make a real competition from
Europe - we can't in space. Someone has got to get up and say

this - we don't have, at, so to speak, the working scient;st

level, representation on the Councils where this sort of thing is
gone into. But surely we should say - and can say - that this is
the situation and we can compete with the Americans.

Sir Harry Melville: But we've also got radio astronomy and
& 3

the next radio telescope is going to cost as much as the P.S.
itself; the radio-astronomers think they have very strong argu-
ments.

Dr. Pickavance: I think this does emphasize a point which is

rather analagous to what Professor Wilkinson was saying: -

that we hzve a good case for persuading our Government - the same
applies to other European countries - to spend more in competing
in those fields where we have a chance of being right among the
leaders. Radio astronomy is one certainly, space may not be,'but

elementary particle physics is.

Sir John Cockeroft: Perhaps I can run over the principal
points which it seems to me have come out of this discussion.
Pirst of all the importance of msking the best use of the existing
facilities at CERN - which does require a reasonable increase in
the budget. The second point was the possibility of improving the
P.S. intensity by a factor of ten and looking into the limitations
such as radioactivity and space charge which would stop us going

much further. The third point was that it seemed to me that the
= Gl



storage rings' proposal wag not thought very highly of at the
present time. The fourth point was that in general people seemed
to be more in Ffavour of going to higher energies rather than
simply putting up the intensity. Then the point about not losing
sight of the importance of research in universities and that this
should not suffer because we are going ahead with bigger machines.
The next point was about CERN taking responsibility for inter-
continental discussions on behalf of European countries. Then
finally there was Professor Powell's voint about somebody drawing
up a very appealing document supporting the continuation of work
in high energy physics. I think this is very important and
perhaps Professor Powell and Professor Wwilkinson might prepare

such a document together.
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