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SUMMARY AND CONCLUSIONS

jvitd i i gh-ener vﬁﬁmﬂom
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Part I is & genera.
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il by the DSIR/NIRNS Joi
"The Future High-Energy Physic
The experience of the
asised the conclusions

i high-
1 re-examination of the case for the promotion of gh

n through a 300 GeV vu.o..wmod.
nt Consultative Pane
s Programme of Europe”
past two

This question
il 1 for Nuclear
was discussed in deta.
Research in its report,
dated 25th April, 1963 (The Flowers Report).
in all essentials, confirmed and further emph

ns of the Flowers Report on the need for a continuing high-—energy

100 GeV machine, and we include th

years has,
and predictio
t as an
programme and a multi- at repor
appendix to part I of this present report.
From the considerations reviewed in Part I we conc
nergy physics in the UK ought to be con-—

lude that, in the next

ten years, the development of high e
tinued on the ground of its contribution to the educa
ic personnel called for by national plans for

tion and training of

increasing numbers of scientif
the expansion of the undergraduate and post-graduate student bodys; Cualel [2SERE
of the great scientific promise and high intellectual content of the subject.

For this purpose, access to machines giving particles of the highest
energy, with the most advanced facilities, is essential, and it can also
satisfy the need to accommodate more researchers. A crucial element in the
expansion could be provided by a substantial share for the UK in a 300 GeV
machine.

In Part II, we discuss the siting of a new high-energy accelerator and
the suggestion that access to a US machine might provide a solution to our
requirements. We conclude that only the European 300 GeV accelerator can
satisfy our basic needs in the long term and we strongly support it. It
should be proceeded with as a matter of urgency, and there would be great
advantages if it could be sited in the UK. We are firmly of the opinion that
a share in a similar machine located in the USA would not be acceptable on
many grounds; in particular, it would not meet our basic needs and would b
damaging to science in the UK and in Europe. i
” Hu“_.mwn& III we consider in detail the complete UK high:

conclude that these
o S a:ww“ﬂaoww@moa a rate of financial e
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ould make impo
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ject would suffer an inevitable A gl
ne extinction of high-energy physics iy

imately to
early shutting down of the Rutherford

4 growt
gramme and the sub,
rate of 5% would lead ult

the UK and we would recommend an

Laboratory.

THE CONTINUING HIGH-ENERGY

SUMMARY

e highest scientific

s an exciting field of th
ontinue to be

in which the UK should ¢
ibution to world

High-energy physics i
nd intellectual importance

promise &
it is to make its proper contr

actively involved if
progress.
High-energy
technologies and the present pro
rable net producer of research scientists,

physics is a valuable training-ground for the modern

posals would make high-energy physics a

conside after its own growing

needs have been met.
Tnadequate support for high-energy physics would be damaging to
lanced develop-

general undergraduate teaching in physics and for the ba.
ment of science in the UK.

The natural development of high-energy physics i
with the expansion of undergraduate numbers, will require extensive new

n the UK, together

facilities by the early 70s.
A crucial element in the new facilities is the 300 GeV project, and

it should be proceeded with as a matter of urgency.
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experience of the past two years and endorse the previcus conclusions. o
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1 B the present promise and significance o the
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(53]

proper energy for a new chine to support the subject in Europe in the 19705

and after; and the timing of its construction, In I D a review is made of e

> demands for research

extended facilities necessary
places in high-energy physics erising from the planned growth in under-

o

graduate student rumbers, and to maintain a balance between high-energy
physics and other sciences. The value of high-energy physics as a S,mu.,...,wsm

for membership of the general scientific community is also considered and

the contribution which it can make te the flow of trained

industry and scientific occupations other than

I B THE SCIENTIFIC BACKGROUND

: ven strongér now
i high-energy physics is €
e for promoting ni1g S sl 1avgely dus

rs Committee reported. i
provided by the unitary

1y interacting
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The academic cas
in 1963 when the Flowe

rease i our understanding
Jassification of strong
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than it was
to the recent great inc
symme tTy schemes. They promisé ac :
les, analogous to the Periodic Table, whic

gnetic interactions in a grand synthesis. ¢
no likelihood of an early end to the search.
inning ~ we

¢ Table is only 2 beg
With "elementary" particles we
e-electronic era of chemistry.

partic
and electroma;
There is, however,

empirical classification such as the Periodi

n understand its deeper significance.
g a situation like the pr
s no understanding at present of why nature has chosen t
uncovering. The history of science repeatedly teaches
n be confident that if we are
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There i
that we now seem to be
us that great discoveries beget greater; we ca

greater things lie beyond.

now standing upon a threshold
ntier of our investigation

High-energy physics constitutes the present fro:
he transfer and interaction of energy in

into the general laws which govern t
We are follow-—

as motion and as radiation.
Maxwell, Einstein, Bohr,

all its various forms - as matter,
ing here the tradition established by Newton,
Schrodinger, Heisenberg and Dirac. The physical principles discovered by these
men, and the detailed and ingenious experiments which made their discoveries
possible, are the roots of our scientific culture; their technical application
is the basis of our industrial civilisation.

Already by the end of the 19th century it had been established that the
motion of bulk matter can be explained entirely in terms of gravitational and
electromagnetic forces, and matter had been analysed in terms of the chemical
atoms or elements. During the first thirty years of this century an under-
standing was achieved of the structure of these atoms, of their interaction
with radiation, and their chemical reactions with one another. This required
the development of quantum mechanics, but the operating forces were again
found to be electrical. The existence of the atomic nucleus was established
MM Rutherford in 1912, but the 1930s saw the discovery of the neutron and

€ essential properties of a i i s
the nucleus ooEEMMmH% new WSMOMMM%MMMWwHMozwwhHmH.E‘:w: TRk raiatab e
orces are at work. The

foundations of nuclear technology, exploiting these forces
3
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% acceleretor. (See Fig. 1). 5 has seen a major break..
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E.n become more exach.
g@ﬁ% dm tested, Other significant conjectures
g%ﬁ of cross-sections at high energy. the shape of the diffraction

peak, and the shape of the charge and magnstic moment awmﬁ.u.cﬁﬂ..gmv i
 particles. More important, the slaborats spectroscopy of mﬁuérn“_.mwu. ;
5 makes it clear that we have not yet discovered the basic ozh_.&am
of matter. There must be simpler entities which underlie this structure
s the protons and electrons underlis the structure of the atoms. Unita
y suggests a triplet of relatively maszive particles, called quarks, :
kable properties including fractional electric chargs. In the
#w awﬁoﬁ., of such particles the notion of %HH?.S‘ (right eor ...m._s.au

have been made about the

will come
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The groups of well-established particles with the same
spin and parity form regular patterns when their isotopic
spin component, Hu. is plotted against hypercharge, Y. This
is a prediction of unitary symmetry, SU(3), and the dis-
covery of the .~ in February, 1964, to complete the
triangle of the family with spin 3/2 and positive parity,
finally confirmed the theory.

TMING
HE DESIRABLE ENERGY FOR A NEW ACCELERATOR AND THE T

OF ITS CONSTRUCTION

T (el 2

jon that there is an urgent need

rt reached the conclus
- 50-300 GeV was then under

The energy range aL
icular choice would
ee has now reported (The

machine of 300 GeV

The Flowers Re
£1-100 GeV accelerator.
t was said that the part
The European Committ
ecommendation is for a

g depend on many
a»mccmmwod and 1
rs including US plans.
rt, CERN/563), and its T
rief description in IT B (D)

facto
Amaldi Repo
of which we give a b

The choice of 300 GeV for the energy of the CERN
Accelerators of about

machine makes it fit in

for development on a world scale.
peration at CERN (28 GeV), and at Brookhaven (32 GeV)

xt two years to commission its 70 GeV
The recent 1965 US White Paper recommends an early start
of which is to begin in Fiscal Year 1968
tion of an 800 GeV machine
hat the US

well with plans
30 GeV are at present in o

in the US. The USSR plans within the ne

machine at Serpukhov.
a 200 GeV machine, construction
and the later construc

on
with commissioning in 1973;
Recent developments make it probable tl

to be commissioned in 1980.
will press ahead with the 200 GeV plans, endorsing the 800 GeV proposal for
detailed consideration in due course.

The European 300 GeV proposal falls nicely into place in this pattern but
only if we can proceed without delay. If a decision to construct could be
taken early in 1967 the machine should operate in 1975. Any significant delay
would bring us dangerously near the proposed date for the 800 GeV machine and
would expose us to the risk of a wholesale loss of men to an already-operating
200 GeV machine.

In addition to the long time-scale of its construction, another factor
which emphasizes the need for despatch in launching the 300 GeV project is the
need to accommodate a balanced increase in the number of researchers in high-
energy physics, a point considered in I D. If the 300 GeV accelerator is not
brought into operation according to the planned time-scales, we shall tend to
‘owooam relatively inadequately equipped by the middle 1970s, and such a
situation is bad for efficiency and morale.

We endorse the choice by the Amaldi Commi
of a new accelerator and we regard such a nMHFWMMWHHMM%uMM ,OMM MOM e
progress of high-energy physics in Europe in the 1970s. 5 i



TRA INING

QWER. AND “EAZ—==

s, and the wpms.p?..:

! of the 300 o
e could not come into OP

. vipgh-energy P
Lt guture needs D hlg e L
In considering 7 ; e oowsl themprEibi a0 important to be cleay
il f ..t 4n pelabion B2 3
GeV maching i 975, We are
]

, until about 1
: sca

ad

0.

which mob.orm
s

a whole will have increased o

that such 2 maching
now planning for our needs =

a period in vinich the

conrs !
ten years

resources O+ scien
rends ar? amwﬂnmwnwu.

fold if present b re-cxemined the Prognostica-

In the light ©

developments, W nave
manpower and the country's likely needs fop
nanpower 20

to change them: that by Hoqm\w

conntry, warranted by the growth

Flowers Report aboud

tions of the

high-energy priysicists and have found 10

the balanced development of PI

e student 5ody and by

vgics in U

nd technological

of the undergraduat
the subject, will p:

ost~PhD experimental

promise of
high-energy phy Wil
together with CERN Meyrin, ether or not storage I 185

We find that, allowing for th

K facilities

sicists than can be supported

are built there,

the oo.s.nm.,.LdF

a European 300 GeV project at

pease 1n menpower; see

would just provice resources for t!
II B (vi).
It must also be underctood that, providec high-energy projects are
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universities,
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other scientific occupations, both at the gracuate and doctorate levels, Most
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university teaching.
graduates (about 600) and doctorates (about 40) each year. Such numbers of
trained scientists, both graduate and PhD, are very much larger Than those
needed for the advancement of high-energy physics and most of them are avail-
able for other work.

The high-energy physics facilities a

le to British physiciste were
greatly increased with the starting of Nimrod in November 1963. It is already
possible to make an assessment of Nimrod's effect on the manpower situation.
+ vai B ey ; !
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rs Report of 180 t i
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i in a few years Nimrod will increas®
figh-ener G

&y Physics by about 50%, i.e by aboul
Ninrod is alveagy

approaching +
accommodate at Proaching the

& number of prot d
He present stage of dey of groups it can reasonably
SV

¢lo S 5
PTENT of its resources, bub even

penpeae

SRIG

= -
ame that it could accommodate 180 post-FhD physicists by 1970, Thoe

G i i i uming only about ,
esent number being 121, this would mean that it was cons g ,
P

s own output. ;
wmb, Ham ituation can now be put in

The effect of the 300 GeV project on this s
Suppose that the annual output of high-energy physics PhDs only
t did in the ten years

vmoﬂ:\m.

in the ten years . ,
961, and so becomes 80 per year in 1975. This 1is almost |
Nina and CERN will |

pers
doubles
en 1951 and 1
an under-estimate s
n in this period. Then even
were all to be ﬁomdlmooﬁoﬂm.ﬂmu which

£ only a little more than

between now and 1975, as i

petwe
certainly
all come to fruitio
the new European machine (see II B (vi))
will not be, this would represent an investment o
st annual output of high-energy physics PhDs.
t in the past, high-energy physics in this
cer of graduate and post—

ince the investments in Nimrod,
if the 175 UK physicists using

they
two year:

In summary, we can say tha
an important role as a net produ

country has nwm%ma
The investment we have made in CERN and the national UK

graduate manpower.

facilities has ensured th
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This project in its turn will then play its proper part as

at not only can this production process continue; it

will be easily

European project.
a source of trained physicists for industry and the rest of science.

We give a more detailed treatment of the manpower problem from the point
of view of the planned growth of undergraduate numbers in Part III of our
report, III C (iii) (b). As in the Flowers Report the basic assumptions have
been that the growth of high-energy physics should be based on the growth of
the student body and that there should be a roughly-constant proportion of
graduate students to post PhD workers.

It may also be emphasized that experimental high-energy physics provides
an extremely wide and deep grounding in a great range of modern technologies,
electronic, electrical, vacuum, optical, computer, magnetic, cryogenic... and
that a man trained as a high-energy physicist is well prepared for work in
R
by, and fostered by, research in high-ener ” wowmuwwwwo ocﬁur,uow e
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range 150-300 GeV, and the provision of a pair of storage rings in

association with the existing C.E.R.N. proton synchrotron. Rough
estimates are given of man power and cost in relation to the whole
nuclear research programme. It is strongly urged that the United
Kingdom should play a full part in this European programme and that,
if possible, the new accelerator should be built upon a site in the
United Kingdom,
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o of physics is t0 provide an understandin, o
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b2 4 of the ultimate structure of natg
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the fundamental 1aws of nature an
In terme of distance t
on the one hand and at 1

the laws of physics are known,
tions of ever increasing complexity and Practiey

he two present frontiers of physics lie at 10-14
®
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o
they carry the power of ﬁdwﬂwowwoz, Suow
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At distances beyond 83 cm, at which lie the furthest detecteq

gelaxizs, we know nothing of the laws of physics oT of the nature of the

i
universs, Only &t such great distances, it would sesm, can We hope tg

laarn - senner end at what rate matter is creatsd., ¥or these

atudies wa Taquire large optical and radio telescopes. Our largest
particle accelerators, on the other hand, enable us to investigate the
interactions betwesn the elementary forms of matter down to distances of
10-14 om, Within such distances we again know nothing of the laws of

physios or of the structure of matter.

High energy physios over the last 15 years has revealed the
astonishing and unexpected richness of nature in the form of some 50
recognisably different states of elementary matter, most of them only
| semi-stable, To understand their properties - that is, to unravel the
“n:u whioh govern the behaviour of matter at such excoedingly small
istances - we have soon 1t i

o Y X
e 8 to still higher energies, Our preseént
g¢ tells us that the increase in ener
significant i ik
» must be substantial,

if it is to be

Progress in hi
gh energy i
the physics hes been such that we shall need

at leaat 7 years to build and must ther within a year
. 1
herefore be begun wi

A BRIEP RCVIEW OF PROGRESS
oy mwmcwsmﬁm: four stages in'the graduel sIncidesion of the nature
e M )
ﬂa - during the last 100 years or so, There was first the recogni-
tte
he atomic constituticn of matter; second, the study of the elec=

ounding the atomic nucleus; third, the problems raised by

of %

sion f @
shell Surr

S tructure of the nucleus considered as an sssemblage of neutrons and
3

zad ns; and fourth, the study of the structure of the elementary partic-
0

e : and of the forces between them, which constitutes high

18 themselves,

ener &y physics.
ntific and cultural he
+ accident of the fission process, has already

The first twc stages of this process ore olready part of

sode ritage, fundsmentsl %o all our science. The
our
third, thanks to the neculia

given

research whic
ms remain unsolved. But more important than that, from the present

rige to & nuclear power industry: it remi“ns a field for pure

h continues to ettract deep interest end in which many basic

proble

point of view,
ections which matter undergoes are far more diverse than we had thought in

the study of nuclear structure has shown thet the inter-

the days when the inverse square laws of electromagnetism and gravitation
could account for most of what we knew., For the recognition in the early
1930's that the mere existence of nuclei demanded an entirely novel kind of
force between nuclear particles, encrmously strong but extending nc further
than about 10-13 cn; the prediction by Yukawa that such forces might be
nediated by the rapid exchange between neutrons and protons of an entirely
new kind of particle of mass intermediate between proton and electron, and
the discovery of this particle (the pi-meson, or pion) in the cosmic radia-
tion by Powell in 1947: these were the beginnings of elementary particle
physics whose secrets can be uncovered only at increasingly higher energles
and with the aid of increasingly complex and costly equipment,

A first glimpse of what was in store for us was already provided by
Powell's original work which showed that there were in fect two kinds of
particle of similar mass, the strongly interacting onre required by Yukawa
to account for the binding of atomic nuclei, and a weskly interacting one
M,””M‘M”MB“”GMM&MM MMosvnasoao existence was quite unexpected and whose
P wnow s”moamgp. A uowonm glitpse was provided at
S . Y Roc! M“oon. and Butler's studies of the cosmic radia-
e amunu.mo ¢ particles were found to give rise, through
e ordinary metter, to still further particles, the so-

and hyperons,

ssum“u. “”o“o new forms of matter we have found to be ephemeral in the
T swa“n. owm of them having lifetimes of 1010 sec. or less, However, on
o b— <~=Huou.oan time scale of 10°23 sec (a distance of 10713 om aivi-
e »unonnoo“. ocity of 1light) such lifetimes are very long indeed, so that
noonw E.oo.u-onu responsible for them must be very weak. In fact, the

€8 now appear to be very similar ts the well-known beta-decay
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i g i b An wavoﬁm:n ste
not more then 10

found, fo owing &2 m:mmmmnwOD bty Lee and Yang, that ¢
found, S he
arity conservation,

ntum physics. |
e the emission of the :m:nuﬂso.

process:
int ion,

ak wsamnw“Hsmwiw for the production of mwmamuwwq

the week interaction is of very short

p forward was taken ip

LA cm.

1957 when it was seemingly one of the most

weak interaction violates p:

natural conservation laws of que

Some of these decay processes involvi e
harged and mass-less particle proposed by Pauli in 1931 to account
eta-radioactivity.
it plays a central role in our picture

the unc
for the properties of b

experimental detection until 19592
4 its detection therefore opens up in principle

This particle eluded positive

of the weak interactions an
a fruitful new field of experimental investigation.

Thus, to the long-range electromagnetic and gravitational inter-
actions of classical physics we have now to add the short-range strong and
weak interactions. The relative strengths of these four fundamental inter-
aotions may be described by their "coupling constants" which are of the
order of 1 for the strong interaction, _\Auq for the electromagnetic inter-
action, Aozém for the weak interaction, and 40|u® It is
often conjectured that there may be an underlying unity behind all four
interaction types, for instance that each of them may be mediated by further
particles whose properties are closely related,

for gravitation.

The existing high energy accelerators have enabled us to produce the
pions and K-mesons and the hyperons (particles heavier than the neutron
and proton) in the laboratory, copiously enough to study their production
mechanisms, their decay processes, and to elucidate some of their basic
properties such as mass, electric charge,

it has been found that the particles occur
plets,

spin and parity. In particular,

st ; in groups, called charge multi-

ithin which they differ essentially only in their electric chargese

Thus there are three pio: G e ot i
RAONSEGTE N c ) ‘of identical spin and almest iden-—

tical i
Bm.mm. but of positive, Zerc, and negative charge (in units of the

awomonowwo charge); there are two nucleons {p* .9

(eSS ana 5o on,  Still fy Baiasa

), three § -hyperons
rther groups of 'y "
themselves as resonances in high ene A e
onm accelerated Particles.

widths, are stil) Telatively

= T8y collisions produced with the aid
Hmﬂ. lifetimes, dedused from the resonance |
ong,
states of matter i i i
i : S shown in figure 4 Which may be th i
excited states of the basic nucleon t s e
leon system.

There jg n0 reason

The present picture of the hyperon |

proton all are unstable. Except for the

to suppose that further

not be added o this spectrum as time goes on: mest of them
i he last 5 years. :

ystence of the cherge multiplets = sets of slmost degemerate
T tter - points to a new conservation law, that of the conserva=
s of M_Moswo spin, which in turn tells us that the strong interactions,
i “. detailed description, must possess a certain symmetry pro-
jance under rotation of the isotopic spin variables
The same symmetry property shows itself

stat

tion of ;
ever thel

that of invar
0 desoribe the degeneracy.
form of there being simple relationships between the cross-sections
Ay tion of different members of the some charge multiplets, PFurther
- mswmsum the strong interactions has suggested that isotopic invariance
‘..EHMH a pert of the full symmetry displayed by nature: there is evidence
Hom 4he strong interactions may display the so-called uritary symmetry.
is more complete symmetry a number of new states of

m«n*@.
used ©

on the basis of th:
patter have been predicted by Selam and others, and some of them have
already been discovered as resonances in high energy collisions, Still
other conservation laws reveal themselves es selection rules governing the
production and decay mechanisms, The new conservation laws represent our

first attempts to describe the laws of nature which hold at very short
distances.

One interesting way to describe the structure of matter is to work in
terms of the electric charge and current distributions associated with
The electromagnetic "form factors™ of the proton and neu-
tron may be measured using accelerators which give finely collimated beams
of high energy eleotrons, Pioneer work of this kind has been done during
the past 10 years, in particular by Hofstadter at Stanford and by Wilson at
Cornell, The interpretation of the form factors is not a simp?3> matter:
for the effect of the strong interaction between nucleons and pions is to
Produce a pion cloud around the nucleon and the pion cloud itself contri-
butes to the charge and current distribution. In this way we are able to
use the relatively well-understood electromagnetic interaction of eleotrons
“.”«M”Ho”?p tool to learn more about strong interaction phenomena:
i a“Hmpmwmaou. and proton accelerator can be used to complement each
e auao»_..u was the main réason for the NIRNS decision to build the
S wooo“_.os accelerator NINA at Daresbury in addition to the 7 GeV

erator NIMROD at Chilton.

each particle,

oz.n.u”b»“owmm:wos to the electromagnetic form factors we may also dis-
Ir there rﬁwoaocg.«:ws« to measure, the strong and weak form factors,
LT »M exists & unity among the fundamental interactions it may
Weale fors umoaoap&,moua itself in closely related form factors., But the
T cannot be measured adequately with any existing machine:

for th
is
We shall neeg intense bears of neutrinos obteinable only from
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he spectrum of matter, but we

of the strong interaction particles are produced, and
k interactions whereby Not only shall we

e elementary states of t
ndic table" whose outlines in

of the wee
possess 2 1ist of thi

shall have set them dovm firmly in a "p
ws are already clear to use.

terms of the new conservation la There will

oblems connected with the existence of so many dis-

remain, however, the pr
tinct states of matter, the quantitative nat
ship between the fundamental types of interaction.
ion has been discovered by that time, we shall

ure of their interactions, and

the relation: Whether or

not the new SchrBdinger Equat
need to extend the cnergy range, intensity, and
beams available to us 10 years hence if the present state of knowledge of

quality of the particle

the fundamental structure of matter is to be carried forward a further sig-

nificant step.

THE PROPOSED EUROPEAN PROGRAMYE

We shall not attempt to give a detailed theorstical justification for

any particular advance in energy. Each substantial advance in accelerator

physics in the past has been amply justified in the event and has enabled us
to learn much more than we had supposed would be possible beforehand. At

the frontiers of physics the unexpected becomes commonplace. The physics

that is being accomplished with the 25 GeV proton synchrotron at CERN has
turne ignifi
d out to be far more significant than was predicted even in the most

imaginati j i
g ive attempts to justify the construction of the machine But even

though that i i i
: Mrw wm wsmorwsm will continue to be an indispensable tool for European
hysicis
: Z.a or at least a decade to come, the list of profoundly interest
ng problems that e i Y |
ki i at can be elucidated only at much higher energies continues
W. There is, for example, th i Y
€ suspicion th ici i

osm”»om o ; : : , at at sufficiently high
weak interaction itself becomes strong By th 970'

5 e early 1970's

we must theref!
ore expect a tremendous interest in high
igher energies.

The distance down to Which we ma

less rapidly than inversely with the

energy
Furthermore, there are certain important &Y of the accelerated particles
ant higl

3 e
energy phenomena whose

5 sppea” vary only logerithmically with energy, At sufficiently
\ea it would seem, the present complex situatior may acquire a
city, oP example of which is the pradiction that certain nuclear
4otions are onaoama to approach each cther asymptotically. Thus ,
o088 Mw arough the present frontier at 10-U cm we shall require & very

sl yncreese in perticle energies,
a

e two rather distinct physical requirements, Ome is

there ar
K-mescns, hyperons and neutrinos of

ndary beams of pions,
- energles and intensities than are available at the ,vn.ououo time.

uires high primary intensity as well as high energy. The other is
BV se the energy of the primary accelerated particles to the highest
to t_anwwu»wum without for the time being recessarily requiring a very high
HHMHEMQ. Both requirements have been under close study by a panel of :
Suropean wE.u»o»u«m neeting at CERN, and we are in somplete accord with
thed? conclusions, & prief summary of which now follows,

10 provide gece

guh highe

The first requirement of intense energetic secondary beams can be met

only by constructing & proton synchrotron in the energy range 150 to 300 GeV
and With & circulating This would go

way towards meeting the second requirement also since it would provide a
e 6 4o 10 times greater than the 25 GeV available at
The new accelerator would inoi-

current of 1033 protons per second,

some
pripary proton energy sSom
(KRN or the 30 GeV available at Brookhaven,
dentally require more than a mere scaling up of the existing CERN nmachine:
1t would be economically very favourable to inject into the machine at an
energy of several GeV with the aid of & preliminary synchrotron.
nachine would be about 1.2 km in diemeter and would require a total site of
about 10 square kilometres, while a 300 GeV machine would have twice the
demeter but would require only twice the total site area. Apart from the
obvious difficulties connected with the enormous size of such a machine, the
Project would be able to rely upon known technologies. A sketch of a pos-
“v”«wowa GeV machine is shown in figure 2 in which the present CERN machine
awn to scale,
o H”o”m&e»ou to the strongly interacting particle beams, a machine in
Miotaty Ma”gn would produce high energy neutrino beams for the study of
ot oo m:“ﬂoau. The neutrino beams would have an intensity 2 or 3
Bon £101a op umcmhw greater than is available today, sc that the radically
rino physics could at last be fully exploited.

»»nuna“u.””“ma““ fix the actual energy by further considerations. In the

Eéogoae & o%ﬁu cost of any machine in this energy range will de

Mppenayy St e energy for the first eight years cf construction (see
Figure 4), so that a lower energy machine would merely be

gm?mm. s
ooner.  However, the higher the emergy the more useful and
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S:Rey while cne in the range

t is pcssible

a completion
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of energy, bearing in min

s » whole and the degree to which international co-operaticn in
ctive, is 2 natter th

ia glear that the actuel choice
d a proper phas

the world &
research cen be made effe

European body a5 & whole.

at would have to be lef't to the

There remains, however, the second w:wmwowu Hmn:.wn.msza which is to

increase the primary energy to the greatest® possible extent. Thiasrequired

ment may be met by & device which would at the same *ime greatly icprove the
general facilities and flexibility of the exiating CERN nmachine for operation
at 25 GeV.
over many pulses into a pair of concentriz, intersecting storage rings, and
the two beams so formed could be mede to collide with eech other with en

Due to relativistic effects this

For the proton beem of the 25 GeV synchrotron could be injected

energy of relative motion of 50 GeV.
energy is the same in the centre of mass system as that cbtained by allowing
The addition of storage

rings adjacent to the CERN machine (figure 3} would rot be equivalent to the

1400 GeV protons to strike a stationary target.

building of a 1400 GeV accelerator because i+ would provide so few events of
50 GeV energy in the centre of mess: the range of experiments made wouuwdwa

by the clashing beam technique is very restricted due %o the absence of

secondary beams, Nevertheless, this device would provide a window into the

Hun.”nwwmv energy region unattainable by any other mezns within the immediate
e and at a very low relative cost. This propssal, toc, is under
active consideration by the panel ¢f Eurovean physi J.,me y

It must i
o ” be emphasized that the two propasals - the bul 1ding of a new
erator and the provisicn of o ;
3 storage rings for the N i
not alternatives, but two complementary S s v s

3 tp pro
energy physics, each in itsel desirable It would m
h; . f : meke no sense %
oeed with storage Trings as a n~5w% alternative

tor owing to the limitea range of
storage rings, '

aspects of the same programme Of nigh

i oI
tc building the new accelersé”

Xperiments which can be done with

Lo ng. :

FINANCE AND MANPOWER

sume that the proposed fecilities are to be m.u.o&..mun

or some similar, Buropean framework ir which the finan-
ont of the UK will continue to amount to about one quarter,

o on puropeen projects is worthwhile, however, only if it forms
rly integrated national programme of high energy physics

" qhis 18 already epparent at CERN where those countries with
a high energy facilities are the ones vhich derive the

oaﬁldmmw

, venefite The big international facilities act not es a drein upon

4 research groups but as e stimulus to then, the best use being
egular exchanges of staff take place.

ot of DOt shents

n trying

nd not only the new proposals of accelerator and storage rings,

to formulate an overall nvclear physice progrenme we have S

mi
”H«»Ho 4he support and normel development of existing facilities at CERN
o NIRIS the support for home-based high energy physics programmes financed
shrough DSIR and NIRNS, and the support of a fairly massive progremme of
muolear structure research. As the ACSP itself has emphasized, the UK will
terive maximum penefit from international projects only if our contribution’
to these projects is considered as the apex of a large home-based programme
of integrated high energy studies. It takes many years, in general, before
o young physicist is fit to meke use of very large end costly machines of the
¥ind we ere discussing, Merely in order that these facilities should be
properly used we therefore have to insist that the first consideration must

be the support of university departments end of the national facilities of
NIBNS and D.S.I.R. f

sgpwwmuwma”“mmw the next decade at least, the exising mmam«.zﬁou of
et oo:e»v. available to UK physicists (NIMROD, z.nz?gn the CERN
thag oo ; SMn to provide vital and fundamentael information provided
i Vit op“ A Mw.uo% supported and developed, It weuld be very wasteful -
ontinge 4, e ns.uwwmz. damaging to European goodwill - if we were not to
mur benefit from these machines.
e fact remains that if we are %o envisage the continuation of & vigo-

Tous by,
gh ener
nex, €Y programme beyond the early 1970's, work must begin within the

) Year or o upon th ; \ e
ve e new Furopean asccelerator since it will take at least

ars .ﬂo.c&Hm.

Ve i
"shing ”do“pma to estimate the likely nurbers of UK research workers
ﬁ: e given Hs the high energy field by that time. Our detailed argu-
D»M the g, 5.»3” Appendix 1, We may sumarize the situation here by saying
BRY) o 8 already provided or under construction (including those

uFocu.m. b &,
e sufficient to ebsorb all our high energy physicists by
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stential surplus of
sccomnodated elsewhere.
more then the UK pcww«wu.xu.swwm
ms quite sure that
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4 from 1972 onwards.

zineers and

at least r
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ramne, It

of the proposed Bur

there will be no lack of scientific man-
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sible new national projec
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Nor is the provision of ap

considered to be

of reslly out-

the shor

a serious problem altho

3 ;' nment T n
standing engineers required for design and developmen rk on eccelerator

projects of this kind.

It is herdly possible at the present time to give firm esbimates of

programme . For reasons

expenditure on the proposed high energy physics
ve have already given, the long term scale of expenditure is a matter sub-
Jeot to considerable variation and dependent upon the results of diplomatic
not only those of

ive as detailed a

Europe,
financial picture as we can of the maximum likel

diture on high
energy physics and on the rest of nuclear physics, and our estimates are
based upon our experience of the total expenditure of CERN and other large

research organisations.

The Appendix shows the
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elative annual amour

s which we consider
neoessary (a) to provide the new accelerator, (b)
the existing CERN machine, including the m?&.,?po«., of
ﬁov to support and develop home based high en:
through NIRNS and DSIR, end (d) 1
struoture physics,

to make full use of

e rings,

ergy facili

ies financed
e , £o continue an active programme of nuclear
e s 8 last is included only because it is customary in
nsider high energy § L
physics and nucl
together for fi; clear structure sics
et =“Mo»nu. PUrposes: we do not consi der it our ﬁwﬁw re
constit ey g S nor
structure progra uted, to attempt to evaluate the needs of Em» lear
nme s nue!
SipfeaL 3¢ 4k 5 &nd indeed this is wm&ﬁ done inde a =
e SIR panel under the chairmanshj pendently by & spe
ny case nuclear ADShip of Dr, J
fraction of Vi g s likely ¢ -
the total nuclegr physi ~X€Y o form a rather small
decade. Sies budget

by the ena of the present
The totel Presenteq
expenditure on nucleay Dl
about £20 million per s
lower rate of rise thep

in »vw»:&k et

hysics
= Qver g X
per
Uz in 1968 o 3 . 8bout 5 years  reaching
» 823 probgp, /
B ably o ey

eafter a3 o, e % continuing at & somewhe?t

) s pre

unts g
. S T a douwbling in annuel UK
od of

Ssntly envisaged programme

By f&r the largest item would, of course, be the new accele~

ed.
erD quire & total establishment of about 4,000 persons.

nc
™ ¢ would T°

if
i
SITING OF THE NEW ACCELERATOR

oposed new accelerator is so large that the problem of finding s
r it will have to be taken largely on geological grounds,
ns must be stable over long periods of time to about a milli-
e 1 to 2 Experience at
shown that we shall be able to make adequate use of a new large
cRN has 113ty wherever it may be built (within reason) in Western Europe.
scale ?o: secms that there are two or three possible sites in the
moﬁqoqu.ﬁ:wmoa whioch would meet our stringent geological requirements (for.
MM___«H? 4n Lincolnshire) and the question naturally ariscsiel SoNNIRES

the aocelerator could be built in this country.

of the various 1
present time only the Dregon reactor is on British soil,

E.&ocﬁ in this country would be an immensely encouraging step forward from
our point of view, and there can be no doubt that we should derive benefit .
in excess of our allotted share merely by its being so readily accessible to
us and by having & large international scientific community in our midst.

Ve consider that these advantages would be such that they would obviate the
need for further national requirements in high energy physics for some con=
siderable time, Quite apart from the purely scientific aspects, however,
a project of this magnitude, calling for the most exacting standards of
design and construction, would provide a considersble stimulus to British
industry, As a matter of fact, the consumer spending of some 4,000 staff,
many of them foreign, would alone amount to about a third of the total
expenditure on the subject.

aple s £°

1 kilometre diameter of the machine.

nternetional projects being undertaken in Europe at the
To site the new

We therefore consider that if it is technically feasible, & site in the

i
Tted Kingdom should be offered for Buropean consideration at the earliest
OPportuni ty
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It seems inconceivable that & country whose sclenti sts from Newton
onwards have been in the forefront of physical discovery should not contime
to take part in this most exoiting of intellectual ac tivities. So far we
have been well supported., At the present time we have, or shell shortly

have, national facilities for high energy physics which are bettered only by
those of the U,S.A., while our share in CERN gives us opportunities which

Already the effects of CERN and NIRNS are being felt:
physicists are beginning to return from the U.S.A. to make use of what has

been provided at hoi

are second to none,

, many of them of the highest ability, But we shall
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and in thi
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is also Sometimes Stateq tt
nhaz

& fraction of the highegs
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large

t hig
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"ST&Y physics bleeds off 90

Tesear
A Workers who would onwm‘wuo

soience would .
uld be struck a most serious blow if Wwe Were not to remain with them

1ves tO Jess expensive and more immediately notwn&wu research.
true that the pace of high energy research is too great.

pace is mainly set by the intrinsic interest of the subject, it
uouuu.cwo to moderate it somewhat by inoreased international
5 research of which these proposals form an important part,

on 1
ratd jlities are not provided at least on the Europesn soals,

euh«o fao
stable result will be that our high energy physicists will ‘seek
vité

¢s in the U.8.A. where adequate facilities will certainly exist.
ot pelieve that a greater proportion of these physicists would be

o work in other fields: they would merely work in other countries,
1y be the aim of United Kingdom Government poliocy to avoid

a full part in future European collaboration in

e 17
owbao n’

9»“_.& sure
gis pitustion by playing
goience.

gust also oonsider the educational effect of a decision not to

ther in this most fundamental and challenging field of research.
ant funotions of an advanced research worker in

Ve

prtioipate fur
1t is one of the most import
any academic discipline to educate 50 to 4100 undergraduates in following

only a small minority of whom, of course, will take up special-
The removal from the university scene of research workers
hysics would thus be a most

gonerations,
ised research.
yho have dedicated themselves to high energy p!
serious blow to the morale and intellectual spirit of the whole soientifio

community of the country.

¥e therefore recommend that the United Kingdom should éontimie to play
s full part in European collaboration in high energy vg-w.o-. and that i¢
should be prepared to agree to a substantial enlargement of the existing pro-
grazmme in order to achieve significantly higher energies along the nouou.nw
lines disoussed in this report. In particular we endorse the speocific pro-
Psals of a panel of Buropsan physicists which call for the construction of
8 Dew proton accelerator whose energy is yet to be determined within the
M““...meuno 300 GeV, and the provision of storage rings for the existing
e gu. at Geneva. Finally we wish again to stress the advantages of

e new accelerator on a site in the United Kingdom.
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ry for clarity to distinguish between low energy and high

although the two fields are considered together for

purposes in this country. The proposed big expansion
physics. The dividing line, in terms of accelerator

eken to be the threshold for production of pions - about
ole CERN programme and the proposed new international pro-

The W
N.I.R.N.S. are active in both fields

n the high energy field.
1erator at the Rutherford Laboratory is e low energy machine),

1ler acce
in both fields on recommendations by their Nuclear

finance work

experimental physicists in Britain, using high
A number of others make little
The following 6 machines are

The number of womfm?u.

&y pachines, 18 at present about 120,

gner
machines, but stu

o of dy cosmic radiation.

us

ipvolved:

25 GeV protons

600 MeV protons

7-8 GeV protons (experiments in active
preparation)

CERN
CERN
NIMROD

4 GeV protons
1,00 MeV protons
450 MeV electrons

Birmingham
Liverpool
Glasgow

The number working in fundamental research with low energy machines is
roughly 90; there are 5 university machines (two more under construction),
one at N,I,R.N.S. and one at A.E.R.E.

A study of the output of Ph.D.'s in experimental physics over the last
5 or 6 years reveals the following:

1, A third of the theses have been written on high and low energy

huclear physics and oosmic rays.

2, Kbout 30 per cent of the physicists have stayed in the subjeot

of their theses in British universities or at N I.R.N.S. or CERN.

WWE.. a”o number of students accepted for postgraduate rebearch has

& on””mMHdw the increase in undergraduate wcawoﬂu and, judging by

o e Mnmnmmnwmm obtained by applicants to D.S.I.R. for grants,
een well maintained.
re, be fairly confidently
Allowing for wastage

E.&M”“n»wwwuo output of Ph.D.'s can, therefo

W g, nﬂpdm“_. the planned growth of student numbers.

nay B ers (which are already teking place) from low energy and cosmic
e would be a total of 180 Ph.D. |

0 hi
®2pary et gh energy machines, ther
and sbout 300 by 1972/3.

8t8 in high energy physics by 1967/8,

R e
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tion that a third of physicg L

the assullp o
., caloulated OF he ~esearch as in the past ang ¢y, L0
This growth 1 work in nuclear Te€s€ o at
;11 wish t0 -1 toke up Other Work after ohigs .
stagents 712 » & half of them will teke &ining

substantislly °ve

ir Ph.D.'s Serra :
their P 1o whitch the L GeV N.I.R.N.S. machine Ning n

Oper

vﬂomﬂwa.am ’

; psorb most

411 be able to & ; .

e achines, will be able t0 train the newcomers anop,
e m g

s surplus of at least 120 by 1972/3 if no n,

The 120 would, on present estimateg
)

The existing of the 180 by 1967/8 and, With o

be added,
exploitation of th
But there would be

them,
1 built by then.

facilities had bee
derably more than the U.K. '
ate balance for the proJj

share of the new European Programme o

be congi ects envisaged in the N.I.R Ns

would leave an adequ
long range forecasts.
survey of the low energy field shows that there would, op the

A similar
be more than enough Ph.D., research workers to exploit the

same assumptions,
existing and planned machines and the major nuclear structure machine
proposed in the N.I.R.N.S. forecasts. By 1972/3 & number of the older
machines will have been scrapped; at least two of the high energy machineg
and three of the low energy machines.

It seems certain, then, that the proposed programme can be manned with
experimental physicists without diverting students from other fields, and
with more than half the output of Ph.D. physicists exported to other
activities as at present. By comparison, it has been estimated in the
U.8.A. that if the whole of the American programme now under discussion
goes ahead 3,000 Ph.D. research workers will be involved. No difficulty
is anticipated in training this number,

There remains the important question of supporting staff. High energy
physics needs a higher proportion of support to research staff than any
other field of fundamental study et the present time .
energy research in thig connection are muc .
oomparison,

The needs of low

: icists ang Profession i g
and considerably more techniciang

has shown that there ig little qifpy
physicists, who work on accelerator
of research 8pparatus,

Experience in thig country and abrosd
SUlty in recruiting the applied

design ang development, the nm<owowam=«

and on datg Teduction,

source as the nuclear H.E.mws..mom bu they come from -
)

e st
having been Tecruited wity e BOSt of them are trained "on the job®s
r
8

ocgﬁu of P35
physicists required fyop iy dmuﬂmﬁ 8raduates, The number of these
Programme would t 2 0¥ the prg i sinal
T550 € not morg than 4 50 Posed national and w:wmﬂﬁﬁo

s in 143
addition to those now engageds by

¢here would be no difficulty in obtaining the roughly i
- rofessional engineers required. w:w here there is a |
Both in the U.S.A. and in this .oo::nu.v. it has

elopment work on accelerator projects. This is the

and de wer problem, and appears to be connected with a

ous aa%o,cpmwo training of engineers which is of broader national
in the ¢he high enerey research programme,

a1 staff ere recruited at lower academic levels ranging
C

i
he S%Hsm dom to 6.C.E. at "A" level, H.N.C., or 0.N.C. No
555 498 .

peen mxuou.»ouomm in obtaining suitable staff in the present
y has

¢rom P

ple shows the estimated staff build-up required for the pro- ..
v torage rings and for the 300 GeV accelerator on the most rapid
ERN 80

(completion by 1972). It may be assumed that about a quarter
c
£ would be graduate scientists and professional engineers, and

The b
momom 4
vaowﬁwaa J
of the 8%8
st the U.K. might b

xey people.

e expected to contribute about a quarter of these

gstimated staff build-up for proposed European Programme
(all grades of staff)
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[ Calendar year or financial year beginning in 1962 | 1963 | 196n | 1965 \ 1966 l 1967 \ 1968\ 1969 \ 1970 | wn | 1912\
1. New CERN
a) Pull estimated cost 150 GeV machine (1) 0.2| 1.3] 5.7 w0l 18.3] 9.8\ 19
by " " " 300 GeV machine lg 02| 13| 7.6116.2)19.2) 188} 19.1)| 19.2 | 20
¢) U.K. contribution 300 GeV machine 0.1 0.4 1.9 4.0 4.8 L7 4.8 4.8 5.0
2. Existing CERN plus storage rings
a) Pull cost (3) 6.71 7.61 8.8] 11.7] 15.2 | 15.8| 16.2'} 16.8 | 17.0 } 17.0 | 17.0
&3 V.K. contribution(2) 1.7 1.9 22| 29| 3.8] sol| wo] w2} w3) w3| L3
3. U.!. expenditure on nuclear structure physics
a) 0.8.1.R. (%) 05| os| 0.6] 0.6 0.7] 0.8
b) N.I.R.N.8. 10} 1.0} 1.0 25| 2.0} 2.0
Total 151 1) 1.6 2.2) 2.7 2.8] (3.0)] (3.0)] (3.5)] (3.5) (3.54
\L 4. U.K. emng%tqre on high energy mgics
s ia ,D-S-I-Rl‘(“e 06| o] 06 07| 0.8) 0.9] (1.0)
b) N.LR.N. 6) 53| 6.2 6.8| 6.8] 7.2| 74| 7.9
Total (6) 59| 66| 74| 750 8.0 8.3 8.9 (9. (9.9)] t0.8)| 2.0
- s
S.Tmnlsm_‘_di, tare on high energy and nuclear
Struoture physios
a) UK. contribution to new CERN 0.1 | 0. 19| s.0| 48| 7| 48| 48} 5.0
b) UK. contribution to existing CERN : 1.7 2% 2.2 2.9 3.8 4.0 4.0 4.2 4.3 4.3 b3
L ¢} U.K, expenditure on nuclear structure physics isiteman [ Fa6 | 2.0 2.7.] 2.8 H(3:0) 23.2; i}.Z; (3.5; (3.5,
, d) U.K, expenditure on high energy physics 59| 66| 74| 75| 80| 8.3] 8.9 (9.4)] (9-9)] Qo.m)f Q1.0
Total 91| 9.9 |13 2.9 16 | 19.1| 20.7 | 215 | 22.2| 23.0 ] 23.8
- Toorwores

sed on CERN working perty estimates (CERN papers AR/Int.63-4 and 5).
’”:; :smed that the present rate of contribution to present CERN z%ﬁ) will apply.
. s

information provided by Dr. Adams and including estimates for the addition of storage rings contained in CERN paper AR/Int .8G/63-11
Rough estimate, It is assumed that rather less than half total DSIR expenditure on nuclear ‘physics is for nuclear structure physiocs.
(5) NTENS figures were taken from "Cockcroft Committee"-report, April, 1962.
g};h expenditure on Proton Linear Accelerator and proposeé new facilities.
19) Based on draft 5-year expenditure forecast 1964-65 to 1968-69. S b
Mmoo compiling these figures no acoount has been taken of expenditure from university funds on nuclear physics research. s may
: same order as that of DSIR shown in 3(a) and 4(a) above.




mJ. 1
FINANCE
" A strong CERN working perty set up in 1962 has provided estip,
cost of both a 150 GeV machine and a 300 GeV machine. The forme teg of thy
T
completed in 6 years; the latter would take about 2 years longer coulq y,
working party's estimates have been used in this appendix. * The Oy
i Eﬁﬁ.o 4 shows the annual total estimated cost of both the 159
machine shd the 300 CeV machine. The U.K. contribution would, on «M%
8

of the nwwuﬁm at present applied to CERN, amount to 24% of the tot,

».u. m.-n»:....woﬁ that in the first 8 years from the start of ogmwudowwww. Fy

ther's would be no significant difference in cost between the two E..o“ :wms
Chines,

Pigure 5 shows the estimated annual expenditure on the total
nu
research programme, if the proposal for the 300 GeV machine were ag iy
opted,

The details shown are:

(a) U.K. contribution to the cost of the new European machin
e,

(b) U.K. contribution to the existing CERN laboratory on the
: assumpt;
that storage rings will be added to the 25 GeV proton synchnr a»s
oxron,

(o) the cost of the national high energy physics programme financed
directly from government funds (NIRNS and DSIR); i
’

@ COo8T O e national programme fo ucl
P 2 ol o\ ear stiructiure resea
thi t of th t f t t search

(e) the total cost of all these programmes

Pigure 6
gk mﬁ. shows in tabular form the cost estimates represented graphicslly
igures 4 and 5 and the sources of the estimates

v«.o«n_“_.oa ”H““Mu”n“““w.o”wwu available for a national high energy research
appendix that this 362_&.“. - It has been assumed for the purpose of this
rate for the period Awﬂ-qmﬁ.@ will continue to increase st about the sas®
before 1967. But if the n as in the prediction for the period immediately
inoreasing national unoﬂ.wu_”_“ uwu.owog machine were not built, a more rapidly
in a healthy state. might be required in order to keep the subJect

The ado
S MH”MMHMM H”o proposal for the new European machine would o
gy at the U.K. expenditure on international program®®’
= U R out one third of the total U.K. expenditure on bigh
y WO nvl.no to about half of the total in 5 years.
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PART II

THE HIGH-ENERGY MACHINE;
AN-US COLLABORATION

THE SLTING OF
THE POSSIBILITY OF EUROPE.

SUMMARY

e for a new accelerator to serve European physics

favour one in the UK.
o significant financial
he UK; we

The proper sit
e and we strongly
machine would effect n
ame facilities available to t
the available facilities.

d on major

is in Furop

A European-US
o the UK for the s
gainst any reduction in
n-US machine cannot be oppose

economy t
1d recommend &

wou.
s site for & Europea:

AU
technical grounds .

We recommend against a
number of grounds and regard a

European-US collaboration on a 300 GeV
machine on & US site to be particularly
undesirable.
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IT A: INTRODUCTION AND CONCLUSIONS I I

If the UK is to remain in high-energy physics, it is imperatiye

cess to an accelerator of the highest enep, hat, g
&y.

e
ble

physicists should have ac
access, however, is not enough;
After

and many factors are relevant to acce
©pta)

conditions of access. detailed consideration we conclude that
a

able European site for the high-energy machine would be acceptable UE,.EM sujt,
UK siting is most desirable, On the other hand, for a variety of a hat, a
OﬂMu

access to a US high-energy machine would not be adequate for our needs ang
are very serious objections to such a solution. e,

The arguments leading to these conclusions are here first briefly Prese,
and followed in II B and II C by detailed considerations bearing on the 55&3
tion of accelerators in the multi-100 GeV class and on the questions of mu..s..ws.
and costs. :

Among other possibilities a tripartite European-US-USSR accelerator hag
been considered, although it appears not to be a sufficiently practical pro-
position at this time to warrant detailed study. There are very serious
objections to such a proposal in relation to a machine at 300 GeV, from the
point of view of physics in the UK.

It would be possible by the fullest exploitation of a 300 GeV European-US
accelerator to support as many UK scientists as are now envisaged for a similar
purely European machine. The overall financial economy to the UK resulting
from such a co-operation of the US with Europe would, however, be small or even
negative.

The only major saving to the UK would be on the capital of the accelerator
itself and not significantly on the capital cost of buildings or ancillary
equipment. The annual cost per scientist supported would increase for a site
in the US. These other costs would rapidly exceed the capital cost of the
accelerator and the financial saving would therefore become negligible oT
negative.

A genuine financial saving would only follow if the UK effort in high-
energy physics were drastically reduced below the gross figures recommended
in ”MM& I so that the proportion of the operating time and facilities of the
machine available to the UK were correspondingly ; thi et the
balance of nuclear as against uosnaanoMH. vstWmHMmewwwmm MM“HMdcwwawu
ace @ﬁdvm at a disadvantage vis-a-vis the US in the proportion of effort
high-energy physics undertaken with the most advanced facilities.

It would be possible for the UK to make some effective use of an

\ there would be additional difficulties associated With
. zth be involve greater difficulties for a universitdy
search programe and to participate in his wiiver:
oWever, be opposed on technical grownd al0%%’
-ies would be unquestioningly PEOE

The fullest utilisation of a 300 GeV machine referred to above would

obably
1ishment Per researcher and so to a higher cost per unit of accomplish-

o for a purely European machine. There would also be some danger of a
purpose and corporate spirit.

’ result in an over-large laboratory with a corresponding reduction in
Mnnoan
at tha!
ous 10SS of We would recommend against the
mﬁo@mms\cm 300 GeV concept on these grounds; and for the same reason, any
fuller exploitation of a CERN 300 GeV machine than that now proposed. We

recognize that as machines get bigger so must the laboratories that house them
+ we believe that at each stage of accelerator development the associated ,

me’
gerd

bu
1aboratory should be kept as small as is consistent with adequate utilization. |

We have considered the benefits to the UK industrial and technological
comunity from the various sitings. Such benefits would be negligible for a us

site; for a site in continental Europe they would be significant but not great;

K siting they would be great. This is not a major argument for deciding

for a U
petween & US and a continental European site but it provides strong support for
the European project with a UK site, . {
A significant material objection to a US site for a European-US accelera—

hat it would be very difficult to retain for the UK the younger men in

The well-known attractions of the US would be immediately

tor is 1t
such a laboratory.
particular the very much more favourable conditions of work
This loss of

before them and in
and industry as compared with those in the UK.

only in itself but also in depriving the parent UK univer—

in US universities
men is serious not
sities of the intellectual and spiritual feedback without which there is little
point in engaging, as universities, in work at large central laboratories.

Such US counter attractions would be absent with a European site and a satis-
factory feedback into the home bases would be assured, particularly for a
machine in the UK. CERN was set up to bring back European nuclear physicists
to Burope and keep them there; a US site for a Buropean-US machine would pro-
mote their re-exportation and that off their successors. A US site far a
European-US accelerator would actively subsidise and promote the brain-drain
and on thege igrounds alone it .should be regarded as a last expedient in the
to facilities of the

xxx
000 (

&sence of any other means of gaining access for the UK

highest, energy.

There are also major arguments against a European-US accelerator with a

& Siting that are cultural and spiritual. Science benefits by being prose-

“®ed in parallel at a mumber of closely connected bub administratively inde—
s of outlook, ways of thought, and
progress is then more rap d t .,

HMH”M“& L Differences between centre
i mﬁm of Work produce mutual stimulation; i
Prob)e erm.mﬁ.og were concentrated in a single ooﬁ&.ww.
by o asu Vield more readily to different Bwnmm of wm

ﬁ@Eu..MEv Sr of centres produces a more .u.wEh@ . :
& more readily to the methods of one cen’

T - ;
oy °Te is also, on the avmwomﬁ oL

m.u be submerged into that ¢



less and that the preservation and development of that 4
a;
There are great dangers or tendenc e ﬁma«. #

e 1ity.
%‘E@mknﬁaﬂ& ity ey

. elieve that science is an integral part of the genera)] cul i
e
nd that high-energy physics is now playing a major role in moumnom.e ny,
uf A Buropean-US accelerator sited in the US would efgeqy, s
2 > \ u:<m
3 %W. physics from the European scene, nullify its contributs oy voww 55.
s % ulture and subtract from the European ethos what should pg 4

al force for its development. At an expense to ourselves that :omgﬁ
wm greater than that of doing the same Jjob in Furope, we shoulq a”E Pro,
ntribution to the ethos not of Europe but of the US. Our apparent Exﬁ

0] 3
m% n to world culture would be the same in either case but if it Y Niry.
) e
_m US it would have an unbalancing effect on the healthy tension be sl ”M in
an and US cultures and so in the long run the world would be pooi e
We believe such a view is not narrowly parochial. It was reco

8nised gt

the E.Eov._..wos of CERN that at a certain level of cost and sophistication e
tific projects must become continental in scope. Similarly, above certain EMm
vels they must become intercontinental and ultimately world-wide. The k- 13
8 behind .SE establishment of CERN were sound. It is manifest that CERN ey

o: a success and has made great contributions to European culture, to the

But the size of the
ing CERN Meyrin is on the lowest level of what constitutes a valid object-
for a European project.

.w.rmm.”B an ethos and to the sense of European community.

Europe herself can engage in very much larger
ings without overstraining her resources of men, money or ideas, and
.Sao .o GeV accelerator is well within her capabilities in all these respects;
n be damaging to Europe and to the world to insist prematurely on an

. e NUMBER, OF FSSEARCH PRYSIOISTS
18 B " 76 AN ACCELERATOR OF ENERGY

+ make estimates on the basis of the proposed 3(
o gescribed in CERN Report AR/Int.SG/64-15. ;
umptions about the pattern of research so far in .Eﬁ Hﬁ%
jderable uncertainties.

e £iTS

1ve 859

rameters

in accelerator ring from a "booster! oon_mu.m &.ﬁ mbs\ ¢

4 into the ma
n synchrotron operating at a repetition frequency of 20

inject®
g Gell proto

tion takes place over a time of 0.6 secs. The radius of the main
jec

Inj \n and its structure embodies 12 field-free mﬁwmu.msﬂ sections eac!
2
Ho 1ong, inserted at regular intervals around the machine, Si
m
? re occupied by RF accelerating cavities, One is

us_wwmw_n sections a
on into the machine.
r target or beam ejection regions. In order to H.mnzom the .m.uo@ t

The remaining five sections are potent:

injectis
available fo
of the build-up of induced radioactivity in the ring ubnmgmH amu.mmd

the beam being extracted and led on to munﬂmudm.“_. tar ...mm.w

commonly be avoided,
placed in.a number of different experimental areas, and to ,uu.u.um voH& ouwar .
the same pulse on to different external targets.

Three types of experimental area are envisaged. Fig. 3 m?u:m a
lay-out for experimental area A. This would permit the setting
beams of momenta around 200 GeV/c, 140 GeV/c, 70 Gel/c, 50 V/c 35
Since these beams are deflected

25 GeV/c from the same target.
target by a common magnet it would not be possible to prc
momentum variation for them. They are sufficiently separ: ..8 Sp
experimental hall to make it feasible to carry out severa
similtaneously,

An alternative proposal (experimental area b
the external proton beam several times in succes
&t separations of about 100 m. Each target wo
¥periments set up around each target would be




TRes)
\
though employing a smaller partie, MHC &
(<) HH
ﬁu

&mamﬁm .
d, smr;m

Many more simultaneous experiments,

should be available in an area of type B,
h each of three targets could be envisage,

owing to the B:H.wwvﬁou..d% bt ﬁ&
Two experiments associated witl
six in all.

w Two experiments
i The proposed design of the 300 GeV accelerator envisaged the exploy
of only three experimental areas. Supposing one of each type were it
¢ the accelerator were operated for one quarter of the time for neutriy, 5

in tandem could be envisaged in experimental area g

tatigy,

3 mbn

hysieg

with the whole beam extracted into area C, and for the remainder of the tine
. with the beam divided between A and B, the average number of simultaneoyg
experiments that could be carried out

4 If, however, all five possible straight sections were exploited, it migh
be reasonable to add two further experimental areas of type B, since thig :ocw
enable the accommodation of the maximum number (sixteen) of simultaneong :

would be seven.

experiments.
(iii) Trends in the future pattern of experimentation with high-ener
“SNSTEY machine

Although predictions of technical developments as far ahead as 1980 are
likely to be widely off the mark, one can certainly assume a greatly increaseq
rate of the accumulation of data. The development of filmless spark chambers
: that can be triggered many times during a single machine pulse, of vast arrays
j of solid state counters, of very large bubble chambers associated with large
J magnetic fields produced by cryogenic magnets will all assist in this direction,
Above all, the increasing use of computers on-line with counter and spark

chamber experiments and the possible storing of data in a vast central memory

accessible to users in laboratories all over Europe by means of the telephone

system should further decrease the machine time required per experiment.
(iv) The number of research physicists employed using material from the 300 GeV
accelerator

A relevant quantity is the number N of physicist-days of preparation and
data assessment required per experiment per day of accelerator time. This
: quantity will vary from experiment to experiment using a given technique but

w&@ research programmes using the accelerator, we try to estinate
es of N. for the main tachniques.
v.wm.w,u ,om S.ﬂmﬂ..onoo with existing accelerators one can guess tha¥
@w,omau.asom N = 100 for bubble chamber experiments, N = 20
w«,vwawawﬁdn and N = 10 for counter experiments.

accelerator one might expect only a small change in ¥
experiments whi :
€ : ww.a gmu.,m should be large changes of z,‘wow £
ase of event rate per machine pulse & *
We make the crude assumption, the

e e
average value 1

o

,u,) Y

machine an

W

uld be provided for by the facilities made a

gpat WO
m_au%%«mi% 7 %ouwamsﬁwp areas were constructed with the 300 (
z%%a 4! ! five possible experimental areas were built
P 1 _”—os S gite provide maximum possible utilisation, it might be
o van.ﬁ in awemwwww for a maximum of about 1600 experimental physicists
; v_.oﬁmm e “.B&ou.mmﬁ to compare these estimates with those made E&.,o -

14 18 \coslerator Study Group on the basis of the numbers of physicists
100 %EM Liities of present-day CERN. The Study Group concludes that the
508 the “ Licists who would be working on material from the 300 GeV
pabe? of P <= the basis of the construction of three experimental areas E&. .
p%&ouwﬁoawwamw commissioning of the accelerator would be 1250, comprising
five yeals nd fellows of the laboratory and 1000 other European vwwﬂ.n“._.,mwup
%ﬁﬂwmwwhmw about 300 would be at the laboratory as visitors at any one time.
of _

£3gures include also theoretical physicists but these have not been
rhese 1 5

included 1D the numbe
jmerican estimates are, proportionately, considerably lower. Indeed,
bout half the number of physicists are using material from

proportionately &
smerican high-energy accelerators compared with those using similar facilities

in Burope.
(v) The situation with a
Estimates of the physicist manpower like
from an 800 GeV accelerator are considerably less reliable eve
From considerations mentioned above it appears
tons and the number of
are likely to
If one uses a

rs estimated above.

n 800 GeV accelerator =
1y to be involved with material
n than those given

above for a 300 GeV machine.
likely that both the mean circulating current of pro
straight sections (and thence the number of experimental areas)
thence to its energy.
r a degree of exp.

be proportional to the machine radius and

crude scaling based on this principle one finds that fo:
rable waovoa&uoumﬁo.q with that a
material to keep about ? §

maximum exploitat

tdon of experimental facilities compa
envisaged for the 300 GeV machine, experimental
Mysicists employed should be available, while for
torresponding number would be about 4000.
() The number of UK high-energy physicists work
accelerators :
b sw make the assumption that in a mﬁw%o G
5 moo UK high-energy physicists using nﬁwouﬁw :
celerator 1/8; while for a Huropean-US- .

ing with ma

an accelera

Snep % :
& physicists that would be provided
$Chiemeg ; 3,



Machine Energy 300 GeV 800 Gey
d Maximum ‘xwﬁ,
cmmwmwmwoz Utilisation Utilisation
00
1 Europe only 175 400 5
25
2 Europe-US 90 200 250 -
3 Burope-US-USSR 60 130 170 350

(vii) The optimum size of a high-energy laboratory

The present CERN laboratory employs a total staff of about 2500 PeTsong
and opinions are already being expressed that it is growing too large, Tpe
300 .om< accelerator with the degree of utilisation proposed in the CERy Study
Group Report envisages a total staff of 4660 five years after commissioning,
To achieve maximum utilisation it appears likely that the total starff would
rise to somewhere between 7000 and 8000 persons, Although a joint Europe-Us
accelerator with maximum utilisation would in principle provide experimental
facilities for the same number of UK physicists as the European accelerator
with the proposed degree of utilisation, it would do so at the price of a much
larger and thence more unwieldy laboratory.,

Similar remarks could be made with even greater cogency in relation to
an 800 GeV accelerator,

=46 -
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1o (1) & (31)

) H\:Nﬁ@m\&o\lﬁ.\oh
1

ye now consider three specific possibilities for realis
th UK participation, .‘

ing a 300 GeV
pize wi They are:

mec! ?v European-US collaboration on a US site.
2 European collaboration on a Continental European site.
Gv Furopean collaboration on a UK site.
The following ideas will not be discussed at length:-
() US-UK colleboration, independent of Continental Europe.
(5) Furopean-US collaboration on a European site,
We believe that (4) would lead to immediate and irreparable damage to
guropeen soience, and that (5) is totally impracticable in the framework of
the E.mmmnﬁ American momzm.

The rest of this section is thus addressed entirely to (1), (2) and (3).
(11) Logistics of the Site

A collaborative effort makes no sense unless British physicists are .

able to make full use of the resources provided. This means much more than
the simple ability to "export" young physicists to the site of the accelerator
for the period of time required to bring an experiment to fruition, currently
about two years. It is absolutely necessary to connect the experimental
programme at the site to the thoughts and activities of physicists at UK
universities, in order that the desired educational and cultural influences
There must

be & constant flow of short-term visits for discussion, preparation, execution,

are really brought to bear on the UK physics community as a whole.

and appraisal of the scientific programme at the site, and the scientific.
unowumssm itself must be arranged so that a substantial part of the work

actually takes place within UK universities.
relationship between UK physicists and the accelerator laboratory; we belie:
that this kind of relationship will continue to be possible at 300 GeV, no
less than at 25 GeV today, given adequate resources for travel, short-te:

All this requires an intimate

aPpointments, data links, computer ».mowww«m_.om. and so on.

In the light of the last five year's experience at CERN, ther
d
bt that (2) and (3) could both be satisfactory from this point o

We have discussed (1) in the light of the Concord and America

Edumo#m_ Which

N promise, by 1975, travel to the eastern seab

ne !
-oﬁ.m Qite comparable with present-day travel to Geneva. Some
SE.M be experienced with change of time problems, but we fee

be tolerated on the eastern seabord of the US

that |
1 *Migration and oustoms problems could be red:
Vel that . ,;

be the subj

applies at present in Switzerland.
ect of specific negotiation w:



Enmo“_.:dm GNP in

1962 (£ sterling Relative GNP on N

States at Smm.mm. rate | US-CERN basis Relative GNP on

: of exchange) (%) CERN basis (%)

. (x 1079)

R
Austria 2.6 0.8 1.9
Belgium 4.6 1.4 5ah
Denmark 2.6 0.8 1.9
Fed. Rep. of
Germany 31.9 9.7 24,2

France 25,8 7.8 19.6
Greece 1ok 0.4 1.1
Italy 14.2 4,3 10.8
Netherlands L4o7 1.4 3.5
Norway 149 0,6 1k
Spain 5.0 1.5 3.8
Sweden 52 1.6 3.9
Switzerland 3.8 151 2.9
UK 28,2 8.6 il

/ Us {1I99%0; 60.0 S
(IEORTEANT S! 330.9 100.0 100.0

II ¢ G.“E.v
We therefore feel (1)
to be realistic from a strictly logistic point of view, provideg that g
e

change of time difficulties would be prohibitive.

eastern seabord of the US is chosen.

(iii) Relative Costs
As a preliminary to the discussion of relative costs, the gross natg
On,
products (GNPs) of the states concerned should be considered. In 1962 A
s

according to the National Accounts Statistics available in the Centra)
Statistical Office Library, these GNPs were:-

The relative figures noted above would seem to be the natural ones to
assume for "proportions of scientific access to the project", As will be
discussed, considerable economic and scientific benefits would accrue to the
host country, and it would be only reasonable to assume that this country will
have to make a special financial contribution, The above proportions, then,
are not likely to represent the proportions of actual financial contributions.

We expect that UK access to the project would be reduced by a factor of
£ (1) were adopted, as compared to the situation if either (2) or (3) were
ted. We feel that this underrates substantially the scale of the

es which the UK needs, in view of the size of the physics community

It is, however, sensible also to consider the;

‘end a reason has been given above for thinking
: S ,mwmmwww@@

.,uuwmon%v.
%.Emow.,%yb%

pmerican salaries, not only for goig
supporting technical starp

es would undoubteqly nommrwow. in
» to UK-based physicists

this effeot might pe slightly offset
On an American site,

and technicians. Possibly

py increased "productivityn

?v The overheads of the organisation Would reflect the increased
complexity of the political set-up, which in oup view is too
nheavy" for the task under discussion,

(©) rrensport and data link costs would be increased by a factor of
three ta five,

ﬁmv If there were only one 300 GeV machine, the pressure to develop
it would be so strong that many facilities might become
inefficient by overcrowding and over scheduling, The pressure

on the present CERN organisation is a warning of this sort of

difficulty.

To sum up, (1) is cheaper than (2), but it does not provide enough .
facilities for UK physicists. The "cost per unit of access" is likely to be |
higher unless a very hard bargain indeed is driven with the US on financial |

contributions, and we do not seem to be in a strong enough position to do
this,

Some of these conclusions might be modified if the US were willing to

tocept much less than 60% access to the machine, but we see no reason why the
U8 seientists should agree to this.

\ il
Possibility (3), on the other hand, offers the same notional access

4 Titer €

e machine as (2), It therefore does provide facilities of the s 1
by UK Physicists, The "value per £ spent" would be much highe:
%rgaining sbout financial contributions were to.take place. a
rgaining certainly will take place, and it will be a nice matter toiba
e "alue per g spent" against the "cost per unit of access!
et (3) 15 absolutely the most expensive of the three, bu
24 ain to make the price worthwhile, If the price becoms

the .ann_m&.ﬂnm process, then (2) will automatically become
”nu.“ "°08t per unit of access", The w.wumun Aoroé;
€ Tesult op negotiations whose quantitad
(iv) Econoni ! iy
T

~ Previoy 9 Seh ... 1
%mppﬁa : S section has dealt W

money fec
"




~

200 ) . ‘
& “ ?c and UK science in particular, |

Effectiveness “%%%s w“wﬂww M_.wm t ten years. The balanced ngm»o%
B e, i
: § does not ,,Ha.wm. to a continuing refreshment of the outlook of ey el it %!.ww« 4o both continen um. - erioan sclenblststhave perhaps p
, in the country. In this connection we must strongly ooswdwmwomq wgmwaw.# o uwu.uos mais mn‘vsm o. Pl _.wu.u.usnu,:.
that nuclear physics can be exported while other kind i i it i ere bes Boe. il e g or.oop«.o. 5 gppg oo_‘.mmpsau.o@ o,w
, ’ ; ZPOTLO SUSE G OB Dhy s o s Nae Totay o 2ol that physics teaching at European universities
this kind of surgery is not possible without death to the patient, The ngq, o 4208375 20 2
of the project will not in our view be achieved by siting in the Us. H:m.ms o it is anywhere. -
: country has universities and industrial organisations offering ovuogcﬁ.ﬂ fe heve explained that, in our opinion, this progress would be ruine by
._ to young physicists that are clearly more attractive than those m<m5.wgmyon E_uommpuxcm collaboration at 300 GeV is unnecessary, disadvantageous,
A _ rmu.m. In gw wmwm Amem this led to an alarming run-down to the calibre op M_W.%ﬁ%ﬂwﬁ.% zctually harmful, wiam
| o v et o bt | s vt iy e it i
when such s and we judge that their Governments have no intention of ignoring

& facilities as the CERN PS and Nimrod became available in Europe. Because

. ¥ of " s

the existence of these projects a substantial proportion of our young physi e DV
1oists

| proved to be willing to return to Europe, even when they were already well he prolonged pursuit of (1), or indeed the absence of any active purs
: placed in the US. & of (2) end (3), if therefore likely to have serious political consequences

scientific level. Signs of this are already becoming clearly apparent, and

.,m We view with alarm the prospect of actually assisting the westward
flow of young physicists to the US by adopting (1), in a set-up in which the

provision of similar counter-balancing facilities in Europe would have been
explicitly renounced. sith (2) end (3). Our side will be seriously prejudiced in adyencejunlossine

decisions are urgently required.

We have referred to the need for close bargaining about the terms connec

ke timely and progressive decisions.

The close relationship of US and British general cultures might actually
mean that the UK would suffer most severely of all the European countries, There is another political matter to which attention may be dir g
For logistic reasons we have seen that a European-US collaboration sl uld only

The same arguments, at much reduced intensity, come into th Juation [ sed cnifen ‘eastarn soaboraisit e n¢< woomuow,”o“ = ;ﬁmm;mm
o.m,.n w and Auw. There is no doubt that the UK Enw“ﬂ._.om MOEBE”M._" wtw”m_._“m:o&e e m.oao.mu.am ﬁwo Mﬁ i
ver greatly from a UK siting, and it would be worth paying n:me heavily to festio argunent in that country. Ve do not mish = m: .
. gument, in any way that could be resented by @ subs

We are therefore led to advise categorically against (1).

Anerican colleagues.

?.S..v Summary

fropean site (2), and European collabo
*nsidered in detail. :

Logistic considerations rule

" °h the site is on the western sea

noe on the general political relationsbiP ==

) ] d 5
e Faou an absolute cost 12
e supPicient fact.




serious finanoial negotiations with other CERN states.

" The value judgements depend on an appraisal of the uowwnwoumr»w o
.unauAH'wm«.ﬂ.«o the UK physics community as a whole. An economic Consider,
is also important.

Blics Decisions are urgent if the UK is to retain any worthy place in ty

wog scientific community. A specific danger of undesirable “5<S.<o

US domestic politics is pointed out. ?
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PART I11

THE GROWTH RATE OF THE HIGH ENFRGY PR 1Y

SUMMARY

Jie have the responsibility of formilating long-term plans for
i “.E.voa&mbd branch of modern physics in the UK. In the event of financial.
al - s s i -

sctions, it is possible to make responsible decisions between competing.

Homwu 3 4

Eo@ommpm and to ensure a continuing balanced programme, only on the basis
¢ assured resources over a period of five - ten years.

o

A fully-balanced programme for the development of high-energy physics
in the UK, including provision for intersecting storage rings at CERN and
a 300 GeV machine, would require a growth-rate of 19% per annum over the

next five years.

We consider such a programme to be fully justified on the grounds of _
the vitality and promise of the subject, the availability of scientific and #
technical personnel competent and enthusiastic to undertake the work, the ,.
essential contribution it would make towards educating an increasing number
of scientists and technologists, and its influence in helping to create in
the UK & more scientifically-based technology.

If resources were restricted to a growth-rate of 15% per annum, we

should have to make painful, but not disastrous, sacrifices. We should
recommend abandoning, or substantially delaying, the Madditional programme'
of NIRNS so that the annual growth-rate of its resources could be restricted
to 9%. We should wish to contribute to the ISR at CERN, but to

possible steps to ensure that that development did not prejudic
the 300 GeV machine which we regard as of cardinal importance f
tion of high-energy physics in the UK and in Europe in the mic
later,

The abandonment of the proper development of th
Deresbury laboratories, or itspestponement, implicit
NIRNS taqditionalt programme, would result in a s
Significance in comparison with similar 1a :
& corresponding reduction in the faciliti

bl
OF the training of well-educated gradua
Somne] ,

" Ab a growth-rate of 10% 3
ngquym the 300 GeV machine,
mga_.swﬂ.am or cancel.




ificant a decline in morale among the UK nucy,
»ﬂ. profound effects on both the numbers of. =

its

orq

n&.m:no and technology. No single activity coulq
E,B&oa in the long-term and we believe that such a s ‘be
t be responsibly contemplated. S

sked to formilate Long-term plans e
igh _energy physics in the UK on the

and 5% per annum, assuming the all,

10

implication that it will be the Goverrment

thnoBQ the
r the support of the subject in the lo

policy fo
of the resources which will be available over

e
gt view
i possid
ane nev pro
o soke the mos
%ﬁ-_.&hemn N.m%oﬁmpdewﬁmm in which we are involved. _E_o
Bas_awu pudgetary approach which will tend to foster a :wgm
%e.»nbwmo
There ar
inevitably long
stional (CERN) character of much of our work.
(1) The most modest nuclear vr%mu.ou projects, mnnr

1e t0 WONAHE.HN&Q a balanced and integrated vﬂogm ant
Such a perspective uh

ject rather than another,
+ economical and effective use of the money in

ic enterprises.
e two other reasons why Hosmlu.w:mm vwwaau.:m is m.uu TOP!
time-scale of modern nuclear physics projects; A

300 o¢< accelerator, will take seven - o“_.wu.w
projects cannot be abruptly amwsﬂﬁ.nma and gm,
tion cannot be rapidly altered. Nuclear physics p
number and each supports many workers; a
auﬂmﬂ.smawm on the aw&ﬁ:mm is often as __Eor. 8

tial fraction of each worker's maﬁ.u.m mu».mo@u.n c

th:
P

conditions sudden expansions and oob&ﬁaﬂ.,
a natural inflexibility that comes fro
work, on the one hand, and our res]
investment on the other. We cann
- for a year or two in bad t:
without frustrating loss of
Nuclear physics should




i
;

)
plan in which our attitude towards all

of g
In CERN, even more than domest mez;
ally
3

meal ang

determined long-range
proposals is clearly defined.
we cannot afford to approach proposals for new projects o

without a long-term framework into which to fit them.
Tt is unfortunately true that in CERN the UK has not alwayg
as it should: it has often had to be dragged. We regret t, have

say that over and over again, the UK has given the impression -

Leq
to

resistance, even of prevarication, and has finally appeareq to be
unwillingly drégged into one or another new development. This has,
most regrettably, lost us the confidence of our CERN Partners,

It is not for us, at this time, to analyse the history of oup
part in CERN and to trace the steps by which we have gained oup Presep;
low regard, but we believe that unless the UK can, within the next fe,
months, go forward to CERN with a clearly-defined policy towards the
two current major issues, the Intersecting Storage Rings (ISR) ang the
300 GeV machine, European collaboration at CERN will be endangered,

We do not wish to use overcolourful language, but we are anxious that,
in a vital branch of modern science, the UK should not come to be
regarded as the "sick man of Europe™.

From these considerations, while we warmly welcome the opportunity
to contribute to formulating a long-term plan, we would urge that a
decision on the long-term growth-rate should be reached at the earliest
possible moment. It is, for example, very difficult for us responsibly
~ to support ISR without knowing what total resources will be available

for high~energy physics in the next five years. As may be seen from
later points of the report, at a sustained rate of increase of 15%
P. &. we would wish to support it: but at lower rates such a commit-

ment could involve a certain imbalance in our total programme.
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Row L oy

. geviseiso vy

3 ,., o DALy ova Brs
S i sy

III B

III B: HEADINGS OF THE DISCUSSION

y welcome the bringing together of civil nuclear physics under a

yarmk.

1,
he arre ;
s has led to awkwardness and some little confusion. In the new cir-

it might have appeared appropriate to abandon the old categories
DSIR, etc., and to formulate our plans as a single SRC package.

Thi

NIRNS,

in them at
to us have been prepared by these agencies. Thus, DSIR on our fore-

quch 38
fo et
j1able )
e vers all those aspects of nuclear physics at present taken care of by
st ¢©
. NIRNS
pSIR; N
formeT includes the
o the funding of certain university reactor research which is not nuclear
easons
Emu..nm at all. .
funding is determined by treaty; we are not, as the UK nuclear physics
the
qmunity, able to effect virement of our resources as between the CERN budget
Ol )
and our domestic programme. )
For completeness we introduce another heading, Nuclear Structure Projects
4 below in III C (g) to make provision far major new enterprises in
We do this because such enterprises are not

this stage, however, because the only detailed forecasts

covers the two national laboratories, Rutherford and Daresbury.
proton linear accelerator (PLA) and, for historical

We preserve CERN as a separate heading apart from DSIR, because

(NsP) define
the nuclear structure field.
provided for in the 65/66 budget of NIRNS; and to separate them now will

facilitate the separate consideration of provi

and for high-energy physics.

Over the past years, we have increasingly felt the artificial-
gement by which some funding has come through DSIR and some through

sion for nuclear structure research




‘reviewing the role and relation of the different elementg o
e and the significance we attach to them. We then estimate e
1t &mﬁ@ao necessary for their full support and justify it. Iater ywe consige,
cuts and postponements which would have to be made to bring the costs Withyy
:  8rowth rates of 15%, 10% and 5% per annum, and the consequences which Such peg
tions would be likely to entail.
(i) The Scene
We have already, in Part I, estimated the numbers of persons who

tric.

should be active in high-energy physics in the UK, from the vopsanowrﬁmz
of the needs of science, education, and the production of traineq techno]q.
gists, and found that our estimates are concordant with the demands of new
physics graduates wishing to go into high-energy physics. We shall here
only reiterate that the different elements of our programme would in ne
; Wway over-provide for our needs even if all could be pursued at the great-
est rate permitted by technical considerations. These elements are:

(a) DSIR
i (b) The CERN basic programme, including improvement in the PS
(c) The 300 GeV machine
(d) ISR
(e) The NIRNS basic programme
(£) The NIRNS additional programme
(g) Nuclear Structure
(a) DSIR

The DSIR element provides essential support for work in the
subject in the universities and nourishes the tree at its roots. It
is that part of our programme most closely and intimately linked with
teaching which we regard as part of our prior commitment and we attempt
in all circumstances to leave it intact.

?v CERN Basic programme

, CERN represents our present contact with the front of the field
without the compulsion of the Gouncil vote we should wish to
it strongly, perhaps at some cost to our domestic programne-

s inescapable and, with the DSIR element, constitutes
which we seek to retain at all costs.

gramme covers the naturally-developing plans o7
f the vu.owod synchrotron. It also provide®
> oo&buﬁdoﬂ» and in particuldls

1d be difficult to imagine CERN's

wWoul.
It g with Brookhaven without them,

m&wﬂmu.ﬁ
E
(¢ a:mm__nswmwmmn in Part II, we regard the 300 GeV p
>”ib¢m d well-being o»__. UK and European physics. It s
doing without this machine if, as seems almost certain,
with their 200 GeV machine and look towards the start:
rator in the early 70s (1965 US White Paper). If we
0 GeV machine, but rather throw all our resources

the (42)
18"
w—»aw&

cel accele

puild the 30
4 NIRNS, we could have a few years of lavishly-supported researc
an

sting machines.
wﬁ% Us 200 GeV machine and its denial to us of access to the front of
W e

But the day of reckoning would come with the

field; or possibly of very limited access which could have fatal

the 2

ffects on promoting the loss to the UK and Europe of some of our most

: ifted young people. In our carefully considered opinion, European wu.mw—l
242

physics would then wither awey. A1l work that could be done in

energy :
Furope would be carried out with much more powerful resources in “the US
and further, the US would have to itself the new field of multi-100 GeV
physics. It is difficult tc see any significant fraction of our dm&&mw

high-energy physicists remaining in Europe at that time. Our efforts in

high-energy physics would become contemptible, if we were vmgmsﬁ_uﬂ ut

B8 wdnt

off from the highest energies. e
So long as we make a mc,uwamaﬁmu. contribution round a machine

For the reasons given in Part II, however, we very s

GeV machine as a Furopean rather than as an “._.u.wmu..ooaﬂ

to secure the 300 GeV machine in Europe, we sho
to gain a place in an eventual intercontinental c
80. In our view, European E.mwnadma.@. m&d‘npmm

collaboration. We cannot mavswmwmo .wc“w.uww
development, of high-energy Eﬁww

the CERN 300 GeV machine.
(d) IsR

The case for ISR




III ¢ AHV

But, in addition, it may be of great value in formulating plang o

! the very costly conventional trans-TeV machines that may E..E.,smamué
: be required since they alone can produce beams of secondary vmi..mnu.am

| of high intensity and of a variety of types. ISR has been caljeq ,

3 window into the future, a window through which the rough outline o

trans-TeV physics may be glimpsed.

A further argument for ISR is that ultimately these omorb»msma

will provide our only access to the highest energies. A conventj oy _

al accelerator of 1 TeV, such as is discussed for the near future anq
is already the object of a design study at Brookhaven Nationa]

Laboratory, will have a diameter of about 6 km. Fitted with ISR,
which appears to be technically feasible, such a machine would give a
reaction energy of 2 TeV. The conventional machine to achieve this

same reaction energy would have nearly the same diameter as the earth,
(In conventional bombardments the reaction energy increased only
vu.o,ﬁou.g.oumﬁmu% to the square root of the energy of the accelerator),
If, as always in the past, there continues to be scientific Justifica-
tion for collisions of higher and higher energy, ISR offers the only

i foreseeable way of achieving them. The experience offered by the CERN

ISR may then be of vital importance. This argument is unaffected by
the fact that cryogenic magnet techniques may eventually reduce the
size of accelerators by a factor of ten.

- These considerations are of great weight and lead us to give ISR
our strong support. Whilst the possible programme of research with
ISR seems, at the moment, to be limited, it may also be very profound;
and it may well extend as new forms of experimentation are devised.
It should also not be overlooked that ISR is technologically very
challenging and exciting.

We regard ISR as an intrinsically-exciting and important forward-

& qﬂ...,“,_.ooﬁbm project, not vital to our continued well-being but an element
1 ]

> we should forego most reluctantly as being the only thingin our

machine. When the two oppositely-moving beams are made to
s in ISR, collisions between pairs of oppositely-directed
indeed occur with the advantages we have described above:

beams vere to impinge on & ﬁamm@%—,

o peams it is an advantage that the secondary part;

nd2
mmomsm Bo<¢5¢=.w of the centre of mass of the collision,
in ‘] endowed with greater energy of motion,
ther®

o additional advantage of ISR is that, when some hundred o:

» been injected into & ring so that very large steady currents of

v A

swnncwmwo% protons have been established, many of the experimental

¢l 5 2
pmiques become much more efficient than with the intermittent pulses

tec s

generated by the conventional PS accelerators.

icles
e
We consider that a healthy domestic high-energy programme is
ntial for the UK. We do not believe that it is possible for a
ing a major share in CERN to exploit that share effectively

esse:
country hav
without the backing of a domestic programme to provide both training
and a programne of experiment complementary to that of CERN but not
competing with it. Smaller shareholders in CERN attempt such second-
nand working, but by necessity not by choice, and their national
scientific interests suffer correspondingly. We also believe that a
domestic programme must be as good in its class as any. It should, in
that class, either make a significant contribution on the world scale,
ormt be pursued at all. There is no point in struggling with inferior
facilities in an energy range in which other laboratories are working
with more advenced equipment; it would be bad for morale, provide poor

training, and lose men. With Nimrod and with Nina we must, therefore,

at least keep abreast of the field. ;
We may emphasize that the NIRNS basic prog Pareieees
Within it we merely keep level with high-energy physics as

programme. 5 2ol
practised today, providing only for the pressures that mu,puo ,ow ;
dwgm,nowmgg

our current studies. The basic programme con P
for unlisted developments and no new-style <maw=umw,MWpawq had

is, in fact, a programme such as we should buéhwm :m<mﬁ.. : A.. e
been decided to close down Nimrod and zu.bv,.....num. A
our new developments, and all our hiopes oL
ister laboratories ¢

ramme is a bare-bones

a proper place vis-a-vis our S e
their already-planned developments, are ub r‘mwn

The NIRNS basicprogramme is wﬁmmww;.%mm
two UK laboratories. We cannot ma: ta:

: b, ol
18 vital in the same urgent gensy
Without it the two laboratories
world scene. ;
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nwamﬁu.&v to increase the intensity of the proton beam ﬁ.v% an orge, .
magnitude. Such a mew injector for the Argomne 2GS with whiqy y, o
,uwwﬁh be compared figures in plans which the President hag am».muu.m“a
Congress. The Nimrod additional programme also containg vuoﬁ.,mpos : to
a new large hydrogen bubble~chamber which would permit oo:mu..amw.nz.m or
advances in bubble-chamber physics; a similar chamber is alreagy &Dproy,
ed for the ZGS. 5
The additional programme for Daresbury includes an ISR Project,
The physics of colliding electron beams may well be a fundamenta tiaa
of great richness, particularly if departures from the Predictiong of
quantum electro-dynamics in its present simple form are discoveregq, .
great riddle of the muon may be solved this way; and we should gain
information on the electro-magnetic structure of a wide range of
strongly interacting particles and so achieve a critical test of the
new schemes of particle-symmetries. The importance attached elsewhepe
to such electron projects is shown by the current construction in Ttaly
of a 1.5 GeV ring, and by the inclusion in the plans referred by the
President to Congress (the 1965 US White Paper) of a ring for SIAC at
Stanford of about the same energy as that proposed for the Nina
project. Here is a chance for us to remain with world physics and
The giving-up of the NIRNS
additional programme would take a lot from the future and much zest out

we attach considerable importance to it.

of our work and would be a very painful sacrifice.

We may remark at this point that electron ISR vwo.u.mowm have a
different significance from those for protons. A number of clearacut
fundamental questions can be investigated with the electron ISR and
extensive experimental programmes requiring several ISR installations
This is not so with the proton ISR which is more a tool for
exploration, and where it is agreed that one in the world at 30 Gel
is all that needs to be built in the first instance.

(g) Nuclear Structure

of nuclear structure research. We must, however, consider
Wth rates and this involves assumptions about the allocatio?

hysics Board. It willbe convenient at thi®
the funds needed for its support.

i tructure Working Party that, if wEa .
d gro¥

s mainder under the new heading Nuclear

?ppv ear all or most of the cost of any ney r

yhich will b
pterpr 12 ! Y
This gives:

Table 1
0.5 0.5 0.5 0.5 05TL05EN0E RS
wmg&o 0.7 0.7 0.7 0.7 0 0.7 0 a0 AR
NSP

0 0.5 0.8 1.1 1.4 g s
.H_Q.E—H.H.m H.‘N

2.0 2.3 2.6 T30S ENE R

(We work on 2 ten-year period for reasons given below - III E (i1)) g
In what follows the resources for the PLA remain included under t

NIRNS heading, and the DSIR contribution to nuclear structure research
remains under the DSIR heading unless otherwise explicitly stated,
being thus left as a separate item. The PLA may be closed down before

the end of the period under review, but our assumption is that e S
< seut A
resources, estimated at £M0.5 p. a., would then be made available S...

the nuclear structure programme unless the Nuclear Physics Board

should appropriate them to the high-energy programme.
(31) The Cost her

We have carefully considered these elements and believe them all to be
necessary if the UK is, by herself and through her partnership Hanmﬁ.z‘. to
continue to make a major contribution to high-energy physics. .._uw ,m.m_a‘w mm:ﬁ
different elements of this progremme would be damaging in nvw.nmwasd..
We are satisfied, after detailed investigation, that the whol
In it there is no overlapping :

programme is fully justified.
no covert insurance policy to meet the possible Hmua.nﬂoa. of
element. This is a desirable and realistic programme and we




s (d14)
(M£0.2 has been displaced from 65/6 to 6/7 (M£0.1) and to 7/g
(M£0.1) for ISR in order to leave our 65/6 total at its convents onay

total sum over the period in question, these figures correspong to ap
effective growth-rate of 20.7% per annum.

As we remark below, IIT F (i), we do not consider it possible, g,
reasons external to this country, to start the 300 GeV machine to the Line.
Scale implicit in Table 2. A more realistic approach would seenm to be tq

delay the 300 GeV machine by one year; this gives our "realisticn

: Programpe
i The result is then:- i
Table 3

CERN basic 2.7 B 3.2 3.6 4.0 shaly

ISR 0.1 1.2 1.6 1.4 1.4 4613

300 GeV 0.1 )5k 0.2 1.0 3.2 L.6

NIRNS basic 9.5 107 11.5 12.5 12.9 V43T

NIRNS addit. 0 0.4 0.8 akeir/ 29 5.4

NSP 0 0.5 0.8 Akt 1.4 1.8

DSIR 1.4 N2 15 ALl ie6 1.8

Total 13.8 1K7/57) 19.3 22507 28.4 33.4

This corresponds to an effective growth-rate of 19.3%. It may be

noted here that, to some degree, the CERN basic programme in the form that
we discuss it and have costed it in Table 3 is inter-connected with ISR.
In effect, ISR allows certain savings on the basic programme for its
budget contains about (total cost) ME5 worth of facilities (experimental
hall, beam equipment, etc.), that would have to be added to the basic
programme if ISR were not built. This must be borne in mind in our later
discussions although we have not there attempted to correct for it. If ISR
were not built, the CERN basic programme as costed here would not be enough
to keep the CERN PS abreast of the Brookhaven AGS and a further M0.6 —
M£0.8 per year (UK contribution) would then be called for by CERN.

L We consider the CERN basic programme as inescapable both scientifi-
ow”_.u.w, and because the UK can be voted into it; we take it as an invariable

ent of our subsequent discussion, part of our prior commitment.

1ergy physics

= in the UK and Europe.

TS, starting from present rates, it
It is also true that if am

s 4.W.H
{ of ME13.8). If we now define the effective growth-rate as that Steady Ue ;
s 3 H—m
w starting from the stated value for the first year, which brings ip o te,
ame

4 the progressive four-fold increase in welght which it

es in its first year, it would weigh as much as the o
iho 880 of fifty. We know of no principles which would suggest

esent expenditure on fundamental science, running at about
T
5 in 1000 of the GNP, should be regarded as an upper limit,
s

the headlong advance of science and technology, in a peaceful
t

r the 5t likely to continue. We see no reason in principle, with

10 o
1d, 18
. o oppose 4
science may absorb a very large part, perhaps a half, of

he suggestion made by some chemists, that in fifty or a
%wo: b
red years,

ot tal creative resources of mankind. Whilst it could not be dog-
the ©

anH\ asser A 4
1 in tending to prevent us taking too narrow a view to which

ted, it appears to us not an unreasonable speculation,
i
and usefu
e often prone.

resources have been increasing at about the rates we are con-
c

And what we know is that in the past fifty years,
e &

jentifi :
mﬁmw ting and they have continually transformed our technological resour-
a ;

i We believe they will continue to do so.

d the whole social fabric.

- wMﬁ is also sometimes said that whilst fundamental physics has in the
st made decisive contributions to other sciences and technology, its

vwmwm:.n studies in high-energy physics are so remote from matter in the

we deal in terrestrial conditions, that it is unlikely

ces and technology in the future.

pr
forms wich which
to have an important bearing on other scien
nable dogmatically to assert the contrary, but exact—
ut decisive discoveries in

It is again not reaso
imi been made abo
1y similar remarks could have .
physics of the past. Who, for example, could have asserted at the *.Mvam of
o ”
early experiments and speculations about electricity, when almost
t was manifest was the lightning flash or the

only phenomena in which i
e would play the overwhelming=

@lvanic twitching of a frog's leg, that it .
ry aspect of our industrial and sci
Or who in 1905 would have ventured to
sential contribu-
or its great

entific
ly important role in eve :

Practice that it does today. y
assert the practical role of nuclear physics, or its es
generation in stars,
ry and geology:

sl

tion to our understanding of the energy N
Significance for many other sciences including chemis

Yany other examples not less impressive might be pﬁomm“:w A9
In spite of the division ofinatuxaliphilosRRiiE

a whole in which there is a:

We know of no sim

distinct, disciplines, it is in fact

complex mutual interaction between the partse HE
Principles which would allow us to compute the prop
United resources among different disciplin

for €Xample, that some sciences whic

In Section I D, high energy-phys?
Wdergraguate training
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physics has always been remarkable for the i.nm..wwsmw:m oosmmpzm:o
for other sciences of its changing basic conceptions of the na gy i
constitution of matter and the very powerful technical TeSourceg
which its discoveries have led. The fact that we cannot at the

® ang
to

moment see how the present discoveries and innovations of E..mr:msﬂ.
physics will be applied parallels similar situations in the past m:mw
merely reflects the fact that practice cannot immediately folloy e
progress of discovery.
(b) Particular considerations

As a result of the hard work and resources put into high

physics in the UK and in Europe in the past ten years, we :m<mmMHN
Up & very creditable, if not pre-eminent position on a world scale
and a substantial impetus in the subject. The success of the mwwmm
accelerators at Nimrod and CERN, and the needs of the subject, make
it most desirable that they should be further developed and fully
exploited. We therefore warmly support those provisions in Table 3
which would allow such developments. They are very important elements
towards ensuring that the position which has been built up will be
maintained and improved. Nimrod and the CERN PS must not fall behing
the Argonne ZGS and the Brookhaven AGS with which it is natural to
compare them. Nina must similarly be enabled to take her proper place
alongside the large electron synchrotrons in Hamburg (DESY) and Cambridge
(CEA). The CERN and NIRNS basic programmes and the NIRNS additional
programme make the necessary provision for such progress. (Note that
the CERN basic programme includes improvements of a type that, within
our Qo.smm&.wo convention, have been put into the NIRNS additional
programme) .

Beyond these existing machines we must contribute on a world
scale in new developments; we need above all the proposed CERN 300
GeV machine and we should pioneer the important though limited

- insight into the future that is offered by ISR. Considerations of

science and manpower, technical or scientific, show that these
developments could be made contemporaneously. We know what to do
| why, and we are ready to do it. The denial of any element of
is programme will disturb the proper and anticipated development

(UK and European high-energy physics. The rejection of ISR would,

of 19% is needed and justified on the practicdl |

of the science. It is also ;
ferent grounds of the expansion e?ﬁﬁw&k&
. histication of the

il

; I C (148)
o por anmm OF more: Thio makes i essential /gy wresaNeonbiie
o P18V our balanced part in the science of the country, to increase
e m&mncwam student intake into high~energy physics at least in
vucuoﬂﬁwos. The expansion of scientific research can then remain in
step With the expansion of the undergraduate scientific body, and high~
enersy physics with the rest of science; principles that we adopted as
in Part I of this Report.

Hﬁﬁﬂwambdm.u.
Three factors suggest that the rate should, in fact, be higher

the first two factors are common to all sciences, the third
to high-energy physics:-

than 6%;

umo&.u..mu.
(i) With the increasing emphasis on science and technology in

the UK, a swing towards science in schools, inhibited in some

small measure at the moment by a shortage of good science teachers, _
is inevitable. As industry learns to use scientists properly for ,
for R and D work and, increasingly, in management, and as

Government service in all its branches, administrative as well as
nominally scientific, increases its call for scientists, science's
share of the total number of students must increase.

(ii) As the country moves towards a technology-based economy, it *
must also move towards a science-based technology. A technology

that merely exploits the results of scientific research at second
hand is almost static. A dynamic technology must centain within
itself the mainspring of its own further development; it cannot ||
afford to fall further and further behind the advancing front of
science. It follows that an increasing proportion of science

graduates should go into research to maintain contact with that

advancing front, and not directly into industry at the level of

training represented by the first degree. It also follows that

there should be some infiltration of the ranks of research
scientists by those whose initial training has been more technolo~
echnology

gical - a healthy relationship between science and t
For support of this view, and 1

cannot be a one-way traffic.
a commentary on the UK's regrettable backwardness in r

(ii1) The UK has made & very conside

Daresbury Laboratories. NI
is only just coming into




III ¢ (iv)

I : i i i
I¢ (iv) jesrss 1° entirely reasonable in vig, of the demands which the

to see a significant increase in the proportion of all Physice uwmn“._.nn_.wum imposes at this stage of itg development
S " an
students going into nuclear physics research, there Will be e oy the combination of: (i) the Srowthoraty d is justified
e € expected in the

Pressure for this. Further, we should consider some shift search body, which is a consequence of the
ré

: " ; Warg Government !
w high-energy physics from the nuclear structure side, within Bt 3 : wxﬁwumwon LR universities o e mHvoH“_.aHom
: 3 - ) ean 0. e 8ing role o
t 2 physics as a whole, as reasonable. A new equilibrium wijy be science; and (ii) the high sophistication factor in uM lear physi
clear physics.

established, but this will take some time. Until then, the

mﬁcnosw.mﬁos&s rate in high-energy physics must be €Xpected o be
abnormally high. Such an effect, which should be carefully
: controlled, is already clearly seen in those university depart._
H ments where both high-energy and nuclear physics research are
pursued.

We believe that each of these effects, during the five -
§ ten years, may well contribute about 1%. A more realistic
figure for the rate of increase of high-energy physics graduate
students may therefore be significantly greater than m&m E.ovmcww
towards 10%.
, The rate of increase of the graduate student body does not,
however, itself determine the rate of increase in the total number
of researches in the subject. But we believe we may reasonably

expect a total growth-rate in the number of researchers to match

_ the number of graduate students in the subject. In particular,

i
i

we believe that it is reasonable to expect a total growth-rate
of about 10% p. a. in the number of researchers, and the mainten-
ance of approximately the present ratio between graduates and
post~PhDs.

In addition to an increase in the expected number of

-

researchers, the sophistication factor has to be taken into
account; i.e. the escalation in the cost per researcher that
attends the continual introduction of new techniques and
methods of experimentation. This factor is a minimum of 5%
for all sciences and it is significantly higher, perhaps 10%,
in the growing points of science, of which high-energy physics
is one.

We see that these two factors, the 10% rate of rise in the
strength of the research body and the 10% sophistication factor
i lead to an expected financial growth-rate of around 20%. We
regard this as a confirmation, from another point of view, of the
need for a growth-rate of 19% to satisfy our programme. We

tances and that a lower rate would represent a damaging




] U1 (5) and (12)
D INCIPLES OF DISCUSSION FOR GROWTH RATES oF 1

S PR
: OUR RELUCTANCE gL B 1

1ness i
i We approach that part of our task which involves the analysis of 9 1iere — +43)
of g Wnos
. 15%, 10% and 5% with some anxiety. We repeat that we regard oy o) a Tatgy ( e are asked to consider the consequences of growth-rates of 4
0! A
w ion of a 19% growth-rate over the next five years as fully justifieq ’ Mmengy .. ; 7, o, and we shall attempt to propose Programmes which mat .gown

di i nd 3
Scussing lower growth-rates we would not wish to retreat from that Do =

We i S
: may reiterate that we believe the full programme to contain no u.,smmwm = wit
i i nsij
ements or any lavishness in the forecast provisions, no redundancieg 4 con
" s OVer-
PPing, or hidden reserves. Any substantial cut-back from the Programg, Scale
e of ‘The_Time

k Tabl : q

‘ € 3 will have wide and damaging consequences and we believe they ought HE The 22—

H resisted. to be So far we have presented proposals covering the next five years, but
’

gssumed resources, Within the estimates and forecasts nowW available to

hin & few hundred thousand pounds. We shall not, for example, in
s

sidering 10%, argue for a rate of 11%.

in considering growth-rates below what we believe to be necessary, we must

T
efore not adopt- both cut and postpone.  We then find it necessary to consider a longer
his own gall . SEigee
ows forfeits his right to protest at being hanged upon then, ﬁoﬁw.m more commensurate with the natural tim 1 f th
periods, e-scales o e larger

elements of our programme such as the 300 GeV machine and ISR: ten years

: In approaching the task we are asked to perform we are ther
‘ ing the standpoint that a man who agrees to participate in the ¢

We should, in any case, prefer to present plans that cover longer

rather than five.

There is a second reason for adopting a ten-year period for a forward
look. We feel that any present long-range forecasts should show a
decrease of the growth rate if they are to be acceptable. Such a ten-
dency cannot, however, be expected in a time less than the natural time
scale of the discipline. It is the characteristic feature of a living
and growing science that it produces fundamentally new and unexpected
discoveries which, by their very nature, cannot be foreseen; they often
extend greatly the field of investigation and increase the expense oﬂ
essential experimental resources. But at least we must assure ourselves
that, over a time of the order of the natural time-scale of the discipline,
the rate of rise of our best forecasts tails off. In that case some real
reduction in growth-rate may be achieved; and we are in a better position
in the event of the imposition of & diminishing growth-rate or a decline
in the significance of the subject, to run down our programme in & rational
way.

Some of us believe that high-energy physics, pursued within the u.El
tations imposed by the rate of increase in the University uownuw*woﬂw will
But when

#

» the next

in fact show a levelling off in expenditure at a certain stage.
1% ocours will depend on the development of the subject and, in
Sts immense promise and vitality, it seems to us most unlikely
decade, But there are many histerical precedents for di
¥ere overtaken by others which grew to present & superi
ar.ﬂHHcﬂWO.

We have therefore taken a ten-year pe
Xercise on the 154, 10%, b prok
Uninution of the growth-rate
%PoVe warning, however, that
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Ong,

III g ?..HC
=i @L.. ! ,eﬁ ‘. w reasons, some of which we shall touch on ag LN

In matching our forecasts as accurately as possible to the
- rates we -EH make no explicit allowance for contingencies ahq
3 eady implicit in the individual elements of the forecasts,

‘the m%uﬂ.»wncc with major enterprises of the type with whicp e
waﬂmo&ubm here that escalation (beyond the normal effects of cos

wages) is usually associated with difficulties, and so with an
time-scale.

8rowt).

Ve that

It 34

are gMo».
ts ang v

M:ou.mwuam.
The escalation then _eobnm to appear in the tota] speng.
- rather than in the rate of spend. It would therefore not affect rgyy_
of-spend forecasts such as these unless the construction projeot ends
Within the period in question. The only major terminating project of

this kind in our programme is ISR,

and although there are novel onEmuﬁu
i in it, it is for the most part a very similar enterprise to the CERN ps,
s - It will be on the same site so that all the PS experience has been avail-
” able in costing which should therefore be exceptionally reliable,

Costs
of exploitation are notoriously difficult to estimate.

We have alloweq
the ISR experimental costs to increase at 15%. The 300 GeV machine does

not become operational during the period under review.

For these
reasons we believe that our procedure of not showing a separate contin-

gency on the programme as a whole is correct. The absence of an overall
contingency means little opportunity for a change of mind.

Shadow Cuts and Delays

We heve made no allowance for shadow cuts or delays except in our |
NIRNS programme. It is not possible to make sufficiently accurate ;
~estimates of such items in other people's projects to permit us to use |
them reliably for the improvement of our own programme, We prefer simply
bear them in mind as something effectively on the credit side in our
Pl u.wa and as offsetting the lack of contingency against escalation of
~ rate-of-spend.

COSTS OF THE TEN YEAR

TLIVR:

CERN
E rhe source of the CERN figures is CERN/SPC/49:
1965+ : A
In the case of the basic programme we have used the |
figures through 1969 and have allowed a 10% growth-rate beyo
pe's growth-rate, 69/71 , is 5%). The basic programme
Table 4
65/6 6/7 1/8 8/9 69/10 No\w.. 1/2 / (e _4/5 y
2.7 3.1 . 3.2 3.6 L.0L ik e SRS 3D SING T
i ; = i
3 In the case of ISR we have, since it is a novel project, allowed
growth rate of 15% beyond 1972, the last year of the DG's figures.
This gives: -
Table
65/6  6/1 _1/8 8/9 69/70 719/ 1/2 2/3 3/h L/5
IR 04 1.2 1.6 b 4 4.3 1.5 1.7 2.0 2.3
We shall also have to consider the effect of displacing .l
year: : 2
Table 6
65/6 6/7 7/8 8/9 €9/10 I/T1 1/2 3
IR =-1: 0.1 0.3 1.1 1.5 b Ak HLBEERED

(The M£0.2 displaced from 65/6 in Tables 2 and 3, III C
been re-distributed. We introduce the notation ISR - x

for two reasons. First, we und mw,m%m.mw

CERN partners will vc,-.d“_..o. to meet t. %‘maao
adopt the time-schedule of SP 0
heavily on budget £
ﬂ.nwuh gwi
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B IR o (114) We should remark that the Nrpyg figures for the first five-year
: mmu.u.om. covered by NX/65/22 8re already heavily shadow-cut
Iable 8 Nuclear Structure
€5/6 _6/7 7/8 8/9 63/70 29/70 1/2 e o
2/5188 3 ). ( ision h
“Mwo 2 50 56 4.0 i m.um.}wwm ?M MMWEM.“.S‘. ere, under the heading NSP, has already been explained
DEERNIE2RNTle L 4. logf g5 s N 2.3 e .
300 Gev Gl Tl o 46 L9 5.0 5. 5., Table 13
T
otal L0, 86105 1.2 12,0 13.0 4.9 65/6 _6/1 7/8 &9 69/70 70/71 1/2 2/3 3/n  u/5
0 0.5 0.8 . .
or, with ISR delayed by a year: & Tetig Lot L1800 s EEP R 34 4o
Table 9
85/6  €/7 7/8 8/9 63/70 70/71 1/2 2[5 3/h /5
Basic RN 32 3.6 0 0.0 L4 4.8 5.3 5.8 6.4
ISR - 1 OSIENGBREAAN. 1.5 vl D43 1.5\ 8as7 dbovn
300 GeV 0.1 0.1 OS2 10N 300 1.6 4.9 5.0 Selioe Bk
Total 20905 DI T5 6.1 B.6 10.4 44.0 44.8 12.9 13.8
(i1) DS

DSIR figures for 65/6 through 70/71 come from WP/HEP/6 dated 25th
February, 1965; for subsequent years we have maintained a growth rate of
15% with a notional reduction of MEO.L4 below the figure appropriate to

that rate in 72/73 to represent take-overs at the beginning of the 72-77
UGC quinguennium.

= This gives:
Table 10

65/6 6/7 /8 8/9 69/70 70/71 _1/2 2/3 3/i  L/5
B LA (20 01 ol 1.6 «1.8 241 2,0 2,3 2.6

| (i4i)  NIRNS

| We take the NIRNS basic and additional programmes from the five-
year forecast in NX/65/22 dated 24th February, 1965. We extrapolate
the basic programme beyond 70/71 by continuing the growth rate of 8.8%:

Table 11
e 65/6 6/7 7/8 8/9 69/70 70/71 1/2 2/3 3/h /5
Basic 935 007 ALS 12050 1k 15.3 16,7 484 19.7 19.7

The NIRNS additional programme is available only as a five-year
forecast and we have no definite figures for it in the latter half of

our ten-year period. As a guide to the sort of sums that could be =

: =y € : 4
%Mu.dom,w..m full development were possible, however, we have extrapole’
. ek E >
programme beyond 1970/74 at 15%. We do not use this total agein
e Vel v

3

Table 12

69/70 70/70 1/2 2/3 3k W5
Blo 50 6.2 7.1 B2 9k

s e

1.7
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Principle
We may remark that we cannot get the different elements of our

Programme in a rigid order of priority which, in the event of pip

- aneia)
restrictions, could be nibbled away from the bottom.

2m<m~&rmwmum the

elements of the programme can be partitioned into three Principle grou
PS:o

I (Prior) DSIR, CERN Basic;
LI B 300 GeV, NIRNS Basic;
III : ISR, NIRNS Additional,

Group I is indispensable, and Group II has clear priority fop ey

over Group III. In particular, we should not like ISR to

80 aheaqd untiy
we feel that NIRNS Basic programme is secure, and that acceptance of ISR
Will not jeopardise the 300 GeV project. It is clear that any confliet
Wwithin Group II would be extremely painful. Within Group III we feel
that the novelty and excitement of ISR warrant our giving it priority
over NIRNS Additional; but if funds would not run to ISR we should then

like to go ahead with some fraction of NIRNS Additional.

Our first line of retreat, if we could not secure the full 19%
support for our work, would be to give up the NIRNS additional Programme,
keeping CERN Basic, ISR, 300 GeV, NIRNS Basic and Nuclear Structure.

(ii) Incidence
Such a programme can be supported at a 15% growth rate,
Iable 14

65/6  6/7 1/8 8/9 69/70 1/7\ _fe _ 2/3  3/n  uf5

CERN 2.9 bk 5e0) 6.0 8s6 0.5 1.2 1200 13.2 il
DSIR P/l {52 2 ol sG] 2,00 0 SENORG
NSP (o] 0.5 0.8 ol 1.4 1.8 2.3 2.8 3.4 4.1
NIRNS SN Oy SIS B 12500 S120 0]l 1530 167 0 S SRR ST
Total 13.8 16.8 18.5 21.0 245 28,0 30.0 33.5 37.0 40.5
15% (5S8R D98 I8 BEE 21,01 2L, o807 8 310 36,7 o ol il
Shortfall O O3 T2l 0 B Ol 0ol sl s EE D

The line "15%" in Table 14 shows the corresponding growth of
resources, while the line "Shortfall" shows the excess of demand for
funds over their "15%" supply. We see that there is a quite precise
match between the programme detailed in this way and the 15% formula.
The total shortfall over the first 5-year period is only MEl.l egains®
total resources of M€107.2 - a deficit of 1ittle more than 1%. We
regard this as a sufficiently good fit within the spirit of III E (2)e
Putting it another way, the effective growth rate demanded over the £

rst

~iogas

CERN
pSIR
NP
NIRNS
Total

15%

sportfall O 0

ITI G (1ii) and (iv)

5-year period is 15.4% against the 15% of the exercise

If it were necessary to show g forecast ¢
N 15% formula we should do it by delaying IS:
finding:

omplying rigorously with
R by one year to ISR-1

Table 15}
65/6 61 _1/8  8/9 69/70 70/71 /2085 DB 5 i s

2.9 35 W50 6l 86l ol SRR NG S
T 1220 A LB NS TR O
0 7 0.5 0.8 Al S G (S R
9.5 10.7 11,5 12,5 2.9 dhd 15,3 6 7NN S oL

1559 28,1 40,2

15.9 36,7 k2.2 48.5
=3.h -5.5 -8.3

Since we believe it to be politically most desirable for the UK to

13.8 1810 a1l Mo 30.7

31.9
~1.2

5551836 .7

18,3 21.0 2l 5 o7is
~0,43 Oq1 0.3 0.3

15.8

take a positive attitude at CERN over ISR, we would press strongly for
the time scale of ISR rather than ISR-1 in the event of the imposition of
a 15% formula, the very minor shortfalls entailed being made up from cut—
side the formula.

f

Surpluses

We see that, on a growth rate of 15% continued into the second
5-year period, the programme shows progressively-larger surpluses. The
amounts are roughly equal to the demands of the NIRNS additional
programme as set out in Table 12, and we feel that they should be used to
recoup the sacrifices made by the NIRNS laboratories in the first S-year
period. Alternatively, the NIRNS programme might be kept at its growth
rate of 8.8%, as in Table 14, taking the view that the 300 GeV machine,
with its much more powerful facilities should be coming into sight
during the second 5-year period and that it would therefore be time to
consider some levelling off of the domestic high energy E.omﬂuﬁw-. In
this case, by holding NIRNS to an 8.8% growth rate, the overall

Were built in the UK. In some circumstances
to run them down until they had provided a

facilities with a fully working 300 GeV

The Falling Growth Rate
We wish to make several

(1) We believe that



ERTAG de
hieved Unlesg
anced wunwmw.u.ﬂmudmu,

$0na1 prograye
The right time to launch the additional programme is now, but yp z

that is denied us we should ask for it to be restored at the

earliest opportunity; after 70/71 on the present forecast, 1,
other words, the removal of the NIRNS additional programme p,
the failure to restore it at the earliest opportunity,

investment in the domestic programme will not be ac.
NIRNS is allowed the improvements and the more adv.
facilities represented, at this time, by her addit

OW ang

in Sdmﬂmﬁww.

form might then be appropriate, would represent a too-rapig transe
er

of the centre-of-gravity of our UK overall high energy Programme o4
of the UK and into CERN. For this reason we feel that we cannot
Positively envisage a decrease in growth rate after the first
5-year period.

(1) As we have remarked in III E (ii), long-dated forward estimates
tend to be too low. The surpluses evident in Table 14 may be consumeq
by important developments as the early 70s come nearer; but such

needs are not susceptible of quantitative analysis,

(iii) CERN. The CERN estimates for ISR and the 300 GeV project have
been made with care and we believe them to be realistic., Both
ventures, however, are novel and contain difficulties of a kind so
far not encountered: In ISR there are novel techniques such as the
ultra-high vacuum requirements, although the total vacuum costs are
less than 10% of the whole: and in the 300 GeV project large changes
of scale. We cannot be certain there will be no escalation, but as
remarked in III E (iii) it is commonly in total spend and not in
rate of spend. It is therefore not so important from our present

considerations. Rate of spend, however, can also escalate.

This reises an important question of principle, We are doing
our best to produce a well-balanced programme over the next 10 years.
There are two major elements in this balance, setting aside DSIR
and Nuclear structure, namely CERN and our domestic programme. Our
domestic programme is under our own control but that at CERN is not.
The UK can be voted into the CERN programme through treaty provisions
even if it does not agree with it. We have seen that the balance of
the programmes is very tight within a 15% growth rate and that the
domestic programme has been sacrificed to the CERN plans. It would
be disastrous for the domestic programme if any CERN escalation in
rate of spend were to be paid for out of our provisions for the
domestic progremme., In this situation we would urge that the UK
negotiate an appropriate change in the voting rights at CERN, 8O
that we may be protected against such an escalation of the CERN
programme that our planned domestic developments in high-energy
nuclear physics are thrown out of balance with out international
commitments.

- 80 -
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III G (v)
damaging expedient of
the growth in NIRNS resources envisaged
» We can devise a significant programme at a
These cuts in the programe ave painful and will

carry serious consequences, and we would again urge that they ought not
to be made.

300 GeV_Time Stale

As explained in IIT F (i),

The above considerations ghoy that by the
eliminating, at least for g time,
in the 'additional Programue:!
growth rate of 15%.

we have adopted for our plan a time scale
for the 300 GeV project 1 year behind that of SPC/196, because we believe
that our CERN partners will not be ready to meet the earlier time scale.
It may be argued that our standing in CERN would be stronger were we able
to go forward and press for the time scale of SPC/196. We may therefore
examine the consequences of such & proposal, Moving the 300 GeV project
forward to the SPC/196 time scale and leaving the rest of the programme
as in Table 14 leads to shortfalls of: A _

Table 16
66/1 /8 8/9 ~  69/70  70/74
Shortfall 117{0) 1.0 2562, 1e7 0.5

If this were done to our ISR-1 programme of Table 15 we should find:

Table 17
66/7 /8 8/9 69/70 __ 70/71
Shortfall (0| 0.5 2.3 3kl 0.6

These shortfalls could not be represented as an allowable
perturbation of the 15% formula in the spirit of III E (i) so we could
not responsibly propose this restoration of the SPC/196 300 GeV schedule.
Our only way to move the 300 GeV machine forward would be to remove ISR
from our programme. Even then we should have a shortfall of M£0.8 in
68/9, although it would be more than balanced by surpluses in o.mr.ou. years.

We conHlude that a refusal to participate in ISR is much wn  high a
price to pay for the doubtful psychological advantage of m s_
300 GeV project back onto the schedule of SPG/196. Although we.
that, in practice, the start of the 300 GeV project :wcwn en th
delayed and that this, with shadow cutting, W

ISR in order to bring forward the 300
Schedule, .

We also believe that if
unfayourably in CERN that -
CERN's success may be ir

" Py
then lose heart and th 30
=y
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(vi) Balance of the Pro e

. Soure
among the various elements of the resi -

sidual Programme which the 3
imposj
of & 15% growth rate over a 10-year e

3 tion
period would entail,

We have adopted the Programme of Table 14 taking as oy
the 15% growth line supplementeqd by the sho
Positive. We have allocated ne
it was the sacrifice of its adg
growth rate to pe achieved,

T resourceg
rtfalls where they are

gative shortfalls 4o NIRNS reco,

&nizing that
itional programme which enable,

4 the 156

Since we now wish to look at the
activities rather than among the 014 a,
subtract from NIRNS and DSIR those el
IIT C (i) (g), it is reasonable to at
research and add them torNSP to
St.) as listed in Table e

division of our resources among
dministrative groupings we

ements which, as explained in
tribute to nuclear structure

&ive the heading Nuclear Structure (Mo,
The residual NIRNS and DSIR rmm&bmm' NIRNS*
and DSIR* then contain only funds for high energy work,

The sums then become:

Table 18
65/6 _6/1  7/8 8/9 69/70 70/71  1/» 2/5 3l iS5
CERN 2.9 Lok 58 6.0 8.6 1025 11,2 12,0 13.20 Al

DSIR* ORI DS 050 07 (059 1.4 I 5

Nuc.St. SN 00RN0 3 o6 3.0 SRR RO S s
NIRNS 9.0 10.2 11.0 12.0 12.4 13,8 16.2 19028525 35RO,

Total 13.8 16.8 18.5 21.0 24.5 28.2 5263, B2 s L2 01920

and the appropriate proportions:

Table 19
65/6 _6/7 1/8 _8/9 69/70 70/71 /2 2/3  3/i /5
CERN% 21 g Zp 2 B s S 2
DSIR*% 5 3 5 3 4 4 4 3 5 b
z:o.md.* k) 10 11 11 i 11 11 11 11 11
NIRNS*% 65 61 DSRS0 R SRS 0 o) S o S

The constancy of the proportions going into DSIR* and nuclear
structure is a continuation of a long established tendency. The M“%
significant change is the swing of our high energy moﬁ.ﬁw@ wu.oEHm.«mu.
domestic programme towards CERN. The partial swing _.uwo_n p: the A Q.qv.
5-year period is very questionable for the reasons .wﬂ.:w: ub.HHH iy
Briefly, we may conclude that over the ten-year period our u.Bw.MMsH
programme would call for a reduction in the proportion of our vomﬁ a
resources going into the domestic high-energy programme from al xu.

thirds to about a half, with a corresponding n..mmm Hmosu.m
from about a fifth to a third.

' payments to the CERN organisation., In addition to this the bulk of
pa.

III G (vi)
In nuclear structure work we contime to be self-sufficient ai
e appropriate that a roughly-constans Proportion of our resources .
p:oﬁn go into that field, assuming that 54 retains its interest. In
u. gh-enerey physics, however, we must ook progressively more towards

www.\_m,uowmaw,‘m efforts: facilities grow in cost more rapidly than any

ssible acceptable growth rate. It T8y therefore, appropriate that,
g r a long enough period, an increasing Proportion of our resources
MHME.m go into those collaborations,

c

In considering Table 19 we must remember that the proportion of
r resources associated with CERN considerably exceeds those simply
ou
nown under the CERN heading above; these latter merely cover our actual
8ho

DSIR* supports work in CERN as also do significant wﬁnﬁoﬁm.ow NIRNS*:
for example, all expenditure on second-generation £ilm «EP.EEJ units
which will be quite largely used for CERN work is budgetted for under
NIRNS*, and similarly for our largest-scale computing facilities. In
cutting down on NIRNS we therefore also reduce our mHm.u.o:wﬁ.Q.» of
CERN. The sacrifice of the NIRNS additional programme is particularly
important in this respect since it contains a large proportion of the
provision for capital facilities in universities. kgt
We also see that, despite CERN's very large double construction
programme, the overall expenditure called for varies n.w.wwmu. smoothly.
This is, to some degree, the result of the onset wu..ns..._ou. b
expenditure on the 300 GeV project in 69/70 oowuopm..._bm 1w¢._”m” mome: |
pause in the NIRNS basic budget, This is purely oo.._.bonmwb, L

i Lt to 15% |
It therefore seems that a &mm:o«pob.ow the growth-rate w&

This is not to say that we believe 15% to be accep

vosd oo
marginally, as a temporary measure. But we believe i

rapidly over the
Tun down NIRNS in relation to CERN as rapidly
period as the 15% growth rate imposes.. Any




IIT G (vii) ang (viiy)

Table 20
85/6 6/7 8 8 6 .o
& 0,
uumxz' 2.9 Loy 5.0 6.0 8.6 10 :
IR 0.4 0.5 0.5 0.7 0.9 .J.W
“Mo.m”. 1.5 Uo7/ 2,0 23 2,6 u;
RNS 9.0 10.6 11.8 4557, 16.3 Aw.M
13.8 {i7ie2; 19.3 22,7 28,4 334,
and the proportions:
Table 21
65/6 6/7 /8 8/9 6 79/7
9/10 /71
CERN% 21 26 26 26 30 31
DSIR*% 3 3 3 3 3 5)
Nuc.St.% 11 10 10 10 9 9
NIRNS*
% 65 62 61 60 58 57

We indeed see here a smoother, slower and better-controlleq
movement of resources from NIRNS* towards CERN over the five-year periog
in our own plan than in that imposed by the 15% growth rate,

Summary
On a growth rate of 15% we can:

(vii)

(1) Support the CERN basic programme containing improvements
that will keep the CERN PS on a par with the Brookhaven

AGS;

(ii) Support ISR to the time scale of SPC/196 (with an additional
subvention of ME1.4 over the first five-year period);

(iii) Support the 300 GeV project on a scheduic one year slipped
back from that of SPC/196;

(iv) Support the NIRNS basic programme;

(v) Support what we are assured will be a vigorous domestic
nuclear structure programme in balance with our high

energy programme.

We give up:

The NIRNS additional programme. The sacrifice will turn the
Rutherford and Daresbury laboratories into second-class powers of
¢.~w¢u.n. kind instead of keeping them in the world class of their kind,

It also weakens our exploitation of CERN.

GeV project

(viii) Securing the
We have seen that a 15% growth-rate will allow us to g0 &.—mwh

ISR. ISR, however, has considerably lower priority for c,mAan.u

GeV project which we consider to be critically important for EuI

with
,Mu%

III G (ix)
m_a\mwnm.
ISR 8t the expense of our domestic Programme,
pave given ISR a higher priority than 4o NIRNS
should not advocate this, roam<m§ unless we we
pot jeopardize the 300 GeV project,

In this limited sense we
additional programme, We
re assured that ISR will

We are concerned lest the eagerness
of some of our CERN partners to launch Isp may affect their ability to
secure subsequent acceptance of the all-important 300 eV project.

We would therefore wish that, if UK participation in the ISR is
mm%u.gma as we have just recommended if We get a growth-rate of 15% or
more, the UK should then take steps 1o encourage continued interest in the
300 GeV project. This might be done by the UK reactivating and playing
a full part in the deliberations of the Steering Group for the 300 GeV.
machine which the CERN Council set up in 1964 but which has since been
dormant.

Recommendation
recomMEnoa>los

If we are granted a growth rate of 15% or more we recommend, subject
to arrangements to secure that escalation of international high-energy
experimentation would not be to the further detriment of our national
programme, that CERN be immediately informed that the UK would be
prepared to participate in ISR on the time-scale in SPC/196 and in the
300 GeV project on a time-scale one year behind that of SPG/196.
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(1)

CERN Basic 257
DSIR 14

Total b 3Ll 5000 5.6 6.2 6.9

(11)

(4i1)

(11)

IIT H (1) and (i)
IIT H 10%
Vn.u.bou.,mwmm
When we discussed the 1

of action which, though pai
" later Trecoupment .,

5% problem we Saw a rather o)
nful, was not disastrous g

A 10% growth rate would
consequences ang it is not clear to u
We should choose.
each:~

ear=ecut 1jng
nd gave hope for
> carry mych &raven
r form of ﬁummmdmw
S and commept on

s however

We here examine three Possibilitie

AMV We approach our Problem by not

ing that we have a pPrior commj
mm3i tm,
to DSIR and to the CERN basic progr 5

amme: see III C G9) (2) ang (b).

Table 22

85/6 _6/7 _7/8 8/9

69/70 1/ _1/2  2/3 b _u/5
S A s

4e0  hh 4.8 5.3 538 6.4
22 ls 18 54 o0 2380106

=5 = BTN O G

We attach the highest importance to the
not want to see it delayed;

have to consider doing so,

300 GeV project and we go
but with very restricted resources, we should
We take the costs of a delayed Programme to

be M£0.1 per year until the project gets going followed by:.

ME CeE s a0 ol S 5.0 5.4 5.

We must sustain some
We do not believe that we
this stage of the subject

sort of domestic programme in high energy physics.
can work effectively entirely at second hand at
with a substantial fraction of all university
high-energy physics staff always in semi-permanent residence at the remote
accelerator.

Options

We first determine how much is available after the prior commitment
to CERN and DSIR:

Table 23

65/6 _6/1 /8 8/9 69/70 70/71 _1/2 2/3 3/ _u/5

10% 13.8 15.2 16.7 18.4 20.2 22.2 24., 26.9 29.6 32.6

Prior &ed | e3) beh ) 5.0 5.6 6.2 6,90 7.5 8O0

Residue I 9.5 10.9 12.3 13.h 146 16.0 17.5 19.6 21.5 23.6

(We have increased the prior commitment by M£0.2 in 65/6; that sum is )
already additionally committed to pilot work on ISR and the 300 GeV pre

We now ask for what is left if we support the NIRNS basic programmé:

~ 86 ~

IT

wqu»ncm -
. . 0. 0. 0.1 0.2, S AI-0NES T2 i

300 01 {04 40%1k O IRO L

pesidue ITT

IIT H (41)

Zable 2, :
65/6 61 /8 8/9 69/70 70/11  1/2 /3 3 u/5
9.5 10.3 123 134 146 16.0 17.5 19.6 21.5 23.6
s 9.5 10.7 11.5 12.5 12.9 14,9 15.3 16.7 18.4 Am.q.

0 0.2 0,8 0.9 .7 .90 B SIS

We can now support the 300 GeV project only by a considerable

displacement:
Table 25

65/6  6/7 7/8 8/9 69/70 70/ _1/2 2/3 3/ L[5
0 0.2 108 | £0.98 L 57 118G 252 259 BT S5t 0

(o} 0.1 0L/ 08" Wi U6 A8 2.0 1.9 0.2 =0.7

(The M£0.1 for 65/6 is already taken account of in Residue I)
The considerable residues in the early years could be used for support-
ing a much attenuated NIRNS additional programme or for Hpgnw“_..sm some
nuclear structure project if special help could be provided through the
difficult years at the end of the period. In either event we must note
that we have now impinged upon the nuclear structure programme hitherto
preserved. . 9
Option 10% A : DSIR support
CERN basic programme
NIRNS basic programme

300 GeV programme delayed by
5 years beyond SPC/196

amme , or

Plus sub-options ..: Some NIRNS additional programme,

7 5 Some nuclear structure programme
We have lost ISR which we very much regret as being the only fully-

novel technical venture in our programme. We have also had to u.o.m.anobm,

a complete, or perhaps partial, sacrifice of the nuclear w»nzo....ﬁd

progremme. We have no authority to do so, and we regret it since we

consider that a reasonable balance should be kept ¢

‘nuclear struct

and high-energy work.

So long a delay may begin to cast doubt o
early s

of SPG/196. o
the project, particularly in view of the probable
GeV machine and authorisation of the US xmbo

as the effective start on
years as in this Option.

abandonment of ISR 19&».@.
It could lead to the



So far we have resisted breaking our forecasting

formulg
ex 4
b . %o“uw trivially, ang we clearly must continue to do so, in the uE.!_.m
O
II E (1). We feel that we might Teasonably ask, however to be
allowed to break the formul, .

Project forwarg to 300-2:;

Table 26

8/9 69/70 70/71 1/2 2/3 3/ /s
0.8 0.9 1.7 4.9 2. 2.9 3L 3.9

0.1 044 0.2 4.0 3.2 46 4.9 5,0
Residue IIT o 0.1 0.7 0.8 1.5 0.9

85/6 _¢/7 /8
Residue IT (o} 0.2

300-2 0 0.1

=1.0 ~1.7 ~.5 -1.1

This shows a total shortfall over the period of Mg£1.3

Option 10% B : DSIR support

CERN basic programme
NIRNS basic programme
300 GeV project delayed by
3 years beyond SPC/196
Even this delay on the 300 GeV project is extremely unpalatable, and
would lose Europe all the advantage gained over the US in the quick
preparations made for the high energy project. ISR remains cancelled, of
course, and the NIRNS programme is denied the chance of making up the
ground lost by being permanently reduced to the basic programme.  NIRNS
would slowly wither during the 10-year period but with a rapid and damaging
) loss of morale at the beginning because it would be known that there was
We have also
had again to appropriate all new resources for the nuclear structure

{ no plan for proper support later. This would lose men.

programme.

If we have to provide for some new nuclear structure project, and the
pressure for this will be heavy, we can only do it on the shorter 300 GeV

_ time-scale of 300-2 by cutting down the NIRNS programme below its basic

_ level. Consider a 7% growth rate for NIRNS rather than the m.m&.n%ﬂa-

sented by the basic programme:
,_ Table 27
65/6 _6/7 1/8 8/9 69/70 19/ 1/2

23.6

‘Residue I 9.5 10.9 12.3 13.4 146 16,0 17.5 19.6 mm m
; 0.2 10595 11561 2.5 355 Ml 3811525 8K 6

NIRNS 7% 9.5 10.2 1 2 =

gadtice T CNIORE 0. ek Y R b

} K

(1it)

These residual sums suffice fop g wm_mmmq
programme, if some redistribution oyep e
it only amounts to 60% of NSP;

Option 108 C

see ITT

DSIR support

CERN basic Programme

NIRNS growth rate of %

300 GeV project delayed by L 4
3 years beyond SPG/496. o <

Some nuclear structure programme

We have paid for this Option by reducing NIRNS to so low a rate of growth
that the continued viability of the two laboratories must come into
question. A 7% growth rate would, in our opinion, move us dangerously
close to making fools of ourselves in the eyes of the world of physics.
Both NIRNS laboratories could be kept going but in a manner that would
entail the rapid and continuous slippage of their position relative to
those of other world-class laboratories. This would be a painful and
dismal process of strangulation and one for which none of us would wish
to be responsible.

All these Options lose ISR and so we must repeat the warning of
III C (ii) that this will entail pressure for an increase in the GERN
basic programme and may possibly lose us the 300 GeV machine too.

Summary

represent a dramatic failure of UK physics.
The clear consequences of a 10% growth rate are :

ISR should not be supported. This is very .cu.w ,wuﬁw.ﬁ
the chance to make a unique contribution. It could
the demise of the 300 GeV project and so to the end
Physics in Europe for our generation.

NIRNS is reduced to its basic programme %
depending on the option, of recovery.
& major stultifying effect on UK high
%0 go below its basic programme in wh
as a 2-laboratory system qqow s :




andon. : _
80 serious a delay that the Project may pe thought “.“M At a growth rate of 5% not a si
s~
on»ﬁ view of the rapid start on the analogous g Project s,o . 1ong-term, if the rate were to conti;
. u._“ i1l consider it eritically necessary although we should regapg sp%oa take it seriously as a long-term DProp: )
r .ww% m“ deplorable. But the 10% rate alse weakeng NIRNS, undep- Qa_mm%mnomm during our 10-year period on the assumptic
a0 ,gw.mo structure of UK high-energy Physics, and so diminishes tpe o jater. This is important in discussing .survival,
v e can make of CERN. On a 107 growth-rate U o
= UK - s :
Physics would go rapidly downnily, high-energy A growth rate of 5% presents us with:
Table 28 b
/6 _6/7 1/8 /9 69/70 70/71 _
5% 13.8 145 15.2 16,0 16.8 17.6 1845 A

Prior 43 L3 Ul B IO TR

Residue I 9.5 10.2 10.8 11,0 11.2 g G e

300 GeV project could fit into it; if we wish to keep the 300
mst be the other way round. As soon as this is admitted ._»wm

reason for not starting the 300 Gev project to its realistic time s
year behind SPC/196:

Table 29
65/6 _6/7  7/8 8/9 69/70 70/71
Residue I 9.5 10.2 10.8 11.0 alal e )k
300 GeV (e} 0.1 0.2 130001 34 200116 4.9

Residue IT 9.5 10.1 10.6 10.0 8.0 6.8

We believe that it would be quite wrong to wﬁwﬂﬂw w ;
mintain a "thread of 1life" in the two NIRNS Hm.ku@wp. mum
Yecome moribund. One would have to g0. TWe also belie

fupported laboratory is worse than nothing and since
tesic programme runs at over ME9 67/8 throu; ;
t0 be sacrificed. .

| The present Daresbury 5-year fo
sy

grauy Rarhuesds
msmwa&g Foims g =¥ 4

YR Eh wats o ¢

i il SR R T LR oy B X




Table 31 = e
8/9  69/70 70/71 /288 o /5

3 /s
{0088 o cla N 741

6.9 7.0
34 43 4.8 5.4 6.0 ST TG
6.6 T ) Uosi il -0.6

> but we see that no new project
At the end of the period we see th;
ompletely consumed

> Nuclear
at the

structure included, is Possible.
Rutherford Laboratory has been (5]

We must not forget that a considerable fraction of the support for our CERy
work is in the NIRNS figures: it is in the Rutherford Laboratory element, The
university film analysis units and the large computer would have to com

e out of
the Daresbury figures whicu would not then look nearly so healthy as they seem at
first sight.

We have not found any more-acceptable solution by delaying the 300 GeV
machine: this merely puts off the closing down of the Rutherford Laboratory; we
should pay for this by Jjeopardizing the 300 GeV project by the delay as we have

already discussed.

If we go ahead with the 300 GeV project, there is no option and the
Rutherford Laboratory goes. If, instead, we drop the 300 GeV machine we
return to our remarks of III C (i) (o): the period under review would be one of
full exploitation of existing machines but after a little time we mw..oE.n be .
overwhelmed by the US 200 GeV machine and Buropean high energy physics would die
for our generation.

The choice between these two courses of action, each with a hopeless “Mu&u
come for UK high energy physics as the inevitable oosm,mpcmuo? would be mm
less task. We do not believe it can be H.muwoumwdwu.\ ooﬂ,«msmu.mwm@ by anyon
concerned for the continuation of high-energy physics in the UK.
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We should like to return to a po:

.ot research.is to restrict teach: U
muﬁuq%mow of high-class teachers into the Unis
L en will, if proper wmoh_.:_wo?wuo no
petter ™ Their loss is not just to UK research, it
= uality graduates will then emerge from the
moowmu. nown.owm will have been joined. We attach great
<w9.§.,m and under-graduate teaching, and we regard o
ﬁnwuuuwmammmmudr activities as also a plea for better

r Ou
% We believe that the more the full programme is r
4o regard as desirable, the larger will be the mm.sm&m X
smportant, to the quality of that education ih-physics
quwmmw and the damage will be more than proportional %




III K Conclusion

disciplines,

We have not entered into,
either distort the general pattern of the €xpansion of civil science,
unnecessarily lavish facilities 5> Or demand a drawing-
fields; or diminish the Supply of trained men from nu
: general community,

Or proposed, any commitments that would
Or provige
off of manpower frop other
clear physics to the

Our proposed new commitments are contained within a

continuation of the overall pattern of eéxpansion of r

is a most important point, the time scales of
nature,

ecent years, But, ang this
our operations are,

by their very
ilt on to the patte

long and to impose a sudden downward % ™ of support
at an arbitrary moment is bound, as we have shown, to lead to disaster if the
Programme was pProperly conceived and balanced in th
important to stress that operations form a whole an
& number of isolated projects,

e first instant, It is also
d should not be loocked upon as
To carry through a number of projects and then not:
take the next steps for their exploitation is like a flight of stairs which goes
only half way up to the next floor.

437’\

We would =e% earnestly urge that our present programme, which calls for a
rate of expansion of 19% over the next 5 years should be adopted and that ample
warning should be given if that growth rate is subsequently to be cut., We
recognise that the rate of expansion of civil science of the last few years has
been at the rate of 15% only and we could, with regret, conform to that rate if
it were imposed. But we do not believe that such a rate is adequate for our
needs, given the momentum of the discipline in Europe and on wn:m world scale; we
need 19% and we regard a growth rate of 15% as the minimum which could be
responsibly imposed; and that for a limited period only.

Our principle conclusions relating to other growth-rates are given in the

summary prefacing this part of our report.




