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Proposal for Northern Site for National Institute for
Nuclear Physics.

The National Institute is providing a high energy accelerator at the
Harwell site, It is understood that the paper on which the Govermment
based its decision to proceed with the Institute contained the suggestion
that a second accelerator might be built within about a 10 year period.
Assuming that only about 50 scientists from the Universities can use the
Harwell machine at the same time, there seems definitely to be a case for
such a second machine if one takes into account all those Departments of
Physics which are likely to be interested in high energy work.

Tf this were to be agreed, the question of siting would become
important, (a) It is probably undesirable from a physical point of
view to expand the Harwell Branch of the Institute further, because of the
saturation of the area by Atomic Energy projecis. (b) It would be a great
adventage to the Universitii_e.lfoi;fg é&i xrk could be carried cut within daily
commuting distance, Aﬁgeod—comuting'histance'appem*tc’be about %0 miless
Harwell only satisfies this condition for the Universities of Oxford and
Reading, but commuting from London would probably be possible, and Cambridge,
Bristol and Birmingham are perhaps not too badly placed. (¢c) If this view
is accepted, a very good place for the second site would be in the triangle
Birmingham--Liverpool-Hanchesi:ero Al). of these three Universities have major
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The use of the site would, of co“ﬂif! Ro Qa‘é?ﬂ;ricted to the three
Universities, and it is thought thntLCrewov with its excellent rail scrv:l.ce/
might be much more convenient than Harwell to a number of other Northern
and Scottish Universities. Also, in due course, it would be possible to put
other equipment, for example a research nuclear reactor, on the site. But
it must be emphasised that Crewe is only a suggesticn and that we have no
particular site in mi.nd.
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During the past 18 months, an informal committee has held 4 meetings to
congider the possibility of a second large accelerator in a Northern aresa,
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The committee has considered the following types of accelerator. If
required reports could be supplied; but the rough conclusions are indicated

below :-

(1) Electron linear accelerator;say 10 Gev. Very expensive
(2) Electron synchrotron,6-8 Gev. Possible
(3) Very high energy accelerator, say Very expensive

more than 50 Gev,

(4) 900 Mev spiral ridge cyclotron

(5) Gas discharge accelerators
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In comparing (1) and (2) it was considered that though the linear
accelerator would be excellent for electron diffraction experiments, its
(;33 api\u~¢u,A»Ugovub.ilwi—g-cb»«} (S B:SQ, '
s)Lwhich cannot be “increased without great expense, would
be a considerable disadvantage for many counter experiments. The price

short pulse (M
of the machine alone would be at least £6m, and the running expenses, on
account of the need for replacement of the high powered klystrouns, would
be much in excess of these for a proton or electron syanchrotron,

The comibtee therefore came to the conclusion that the only machine
which could be recommended at present would be the electron synchrotron.

A very suitable design.for an electron synchrotron has, durihg the past few
years, been evolved at the M.I.T. by Professor Livingston and his team.

It is intended to erect this at Cambridge, Mass. for the use of Harvard
University and the M.I.T. It is not known whether the American A.E.C.

has actually provided the money but it is edpected that it will.

Another machine; along very similar lines, is Being planned by
Professor Jentschke at Hamburg, and it is believed that he has 36t & promise
of the money to go ahead. Sir John Cockcroft saw Professor Livingston in
Ocﬁober 1957 and obtained the latest estimate of S6m for the machine pius
gem fo thmi&giigiou Professor Jentschke ﬂ issged a report in mid-

uﬁzzi_si#ee figures of 25.3m for the machine and $2.8m for the buildings.
The cost of the machine is therefore less than half that of the Harwell
proton synchrotron. :

If it were decided to proceed with such a machine; it can be assumed
that Professor Livingston would give us access to all details of his machine,
as he has done to Professor Jentschke. We should therefore not have to do
any basic design work. This would very much ease the starting-up of the
project. Assuming that we were not delayed by proﬁlems of site acquisition
and development, we estimate that we could complete the work within about 4
years of the auxhorify to go ahead, If the authority came within 1 year, we
should not be much behind the Americen machine, and perhaps not behind the
German one at all., But it must be emphasised that if there is substantial
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delay in getting the authorisation, the project would become much less
attractive., ; . -
_ We can roughly estimate the cost as follows :- :
Site acquisition and development .y 74_.511 9
Building for electi-ou.synchrotron S.lm f
Electron synchrotron . ' 2.n T

zg.,a T
4, The following are types of work which might b e with the 6-8 Bev

electron synchrotron.

The main purpose of buildix'xé a 6-8 Gev elestron synchrotron would
be to investigate strange particles and antibaryons. It is well known that
strong beams of these particles are better éroduced by protdn accelerators
such as the machine already being built at Harwell. However an electron
machine would meke it possible to studj the photoproduction of the particles
by the processes :- :

Reaction Threshold (Gev)

Y HAKe X . 0.91.
Y+N-€ 4+ K e 1,05
y+N= N+ K+ K 1.51

Yoo BY Beg 2K o 2.37

¥+ NS 2NN 3,74

: F+N2 28 +K K g Ry 5.95
% Y+ N+ 28+ = ' 6.25

Beceuse of the energy limitations on existing electron accelerators; only
the first reaction has been observed so far, The remaining reactions offer
a rich and attractive field of study, which cannot be attacked until the
electron synchrotrons sse planned in the U.S.A. and Germany come into cper-
ation in about 4 years time.

A rtudy of these reactions, particularly xear threshoid, should offer

results which are particuhriy easy to discuss from a theoretical point
of view. A machine with maximum energy 6-8 Gev can be used to produce
)"rayg gt any energy up to this maxioum, and so would be very suitable for
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all the above reactions. A particle process involving ‘strong' reactions
involves at least two 'vertices', where a particle is absorbed or created.
In the\f e ctimwm, one of the 'vertices' invelves
a radiation process, which is thought to be well understood and easily
handled by present-day field thecretical methods. This means that theor-
etical attention canle concentrated on the other —eingkes vertex invelving
the strange particles or anti-baryons, It is to be expected that specially
clear evidence on the parities of the particles and on the couplings between
them will result., It will also be of great interest to check that other
photoproduct:.on reactions, fon.bldden by strangeness selection rules, do not
in fact occur,

A second class of expériments would aim at extending present-day

' studies of the scattering of electrons by ruclef glm the investig-

ation of the structure of the rucleon dewa to very small radii. This sort of
experiment requires a very ‘clean’' electron beam, and the problem of extract-
ing such an electron beam from the synchroéron would require careful study.

" Since -

W

. - g VA ¢ 2R e ) S s YT A NSt If the
project were to be considered, the Universities concernedr-and-pwhape—ﬁbc

University Grants Gemmittess would have to be consulted.  The

however, thinks that.it ought to put to the National Institute the results
'M‘ (.
of its work; in order to help in forming a policy MF&M

second site, It feels that there are really only two alternatives (a) to

proceed quickly with the 6-8 Gev electron synchrotron, (b) to. hold up any
discussion of a second site in abeyance for @robably at least 5 yehrs pending
the results of preliminary work on new types of machihe, The semmitbes 7/‘“«17 ”

M_mmgg_nnsz_nmw.-us review of new types of

high energy machines, e.g. spiral ridge machines or gas discharge machineag
does not give any ground for optimism about their success within a reasonable
time, '



