On The Future of Accelerator Research st A.E.R.E.

The purpose of this note is to provide the basis for a discussion on the
future of the 'Accelerator Research! progremme. We begin with & historical survey.

It is over 2% years since an experimental section was set up to study possible
'future machines! by means of 'tsble-top' models. No machine has been completed,
and it seems unlikely that we shall have a useful working electron model in the
neer future. This is highly unsatisfactory, and the present note seeks to snalyse
the reasons, to point out some questions which must be snswered, and to make
suggestions for the future. |

The gection was set up towards the end of 1955. At that time the accelerator
group was contemplating the construction of a 2-3 GeV C.W. cyclotron. The theory
of such machines was et that time little understood, and there was clearly an urgent
need to press on with & model to study various types of resonsnce. There were
a bewildering number of possible resonances, and the original idea wes to meke 2
versatile machine, in which different ridge systems could be tried - in fact poles
were to be changeable like !'gramophone records'. Betetron scceleration was to be
used for acceleration, since this is simpler than using an r.f. system. This model
wes in some ways compersble with the 'Mark 1 FFAG! modelTI:mer construction by M.U.R.A.
at Michigan. Certain differences however made the project more difficht; the full
implication of these was not appreciated at the time, and it was decided to stert
without thinking too 'nmch about the difficulties - too much consideration of these
would have taken time, and perhaps even frightened us off the project altogether!
We resolved therefore to tekle them as they came up. Our first aim was to use a
smooth pole, just to get the model working and study the n:.] resonance as an
exercise.

Eighteen months after sterting the model was till not running even with the
smooth pole.

Technical difficulties ceused both by lack of foresight and experience and also
by the inherent difficulty of the project had bogged us down. These were sssociated
meinly with the very difficult vacuum problem (non existent in the M.U.R.A. model

which has separate sectors, and the magnets outside the vac. chamber) and with the
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construction of a suitsble gun. We needed & three point seal in order to get the
thing together; the small magnet gap meant that the whole magnet must be in the
vecuum, and the necessity for smell betatron oscillations meant that the vacuum
needed to be very good to avoid ges scattering. It is not suggested that these
difficulties are fundamental ’Just that they were not tackled with sufficient fore-
gight or sufficient experienced steff. Further more the cost end time to make
e single model spirel pole for the 'conversion' project was rather discoursging.

By this time elso the theory of spiral ridges had been sorted out in a remark-
ably elegant way by Walkinshesw, and also the large cyclotron which inspired the
project had been dropped in favour of a coﬁventional. synchrotron. The cyclotron
conversion project remained however as a possible machine to be built employing
spirel ridges. After a visit from R. Livingston, wﬁo described his model cyclotron
at Osk Ridge, the work here was reconsidered. In view of our clearer view of the
theory it seemed more sensible to change the direction of our work towards a more
specific project and to build a scale model of the 'converted' Harwell cyclotron.
It was cleer that if our results were to influence the decision es to whether the
cyclotron should be converted or not (which would be taken in & year or less) that
we should have to get & move on. Once more we rushed into things with gsy ebandon,
deciding to use the poles which had been made (costing some £1,000 or more) for the
scale magnet poles for the conversion end to correct the fields with concentric
coils. We did not psuse to consider the problem of toleranpes or field synthegis
at all thoroughly snd furthermore we decided to use the existing vacuum chamber with
en inner chamber to ensure the required vacuum whereas a complete redesign wes
really desirsble. Again we were too optimistic, but we needed to be if the model
was to be working in time (early 1958). Providing stebilized currents for all the
coils has been a major effort, but more difficult has been the design of the magnetic
field. This is considersbly more complicated than Livingston's, and we have learned
the hard way why he says a) thet iron is no good, b) that a sufficientl'y accurate
field survey is extremely hard to make, =znd c) that extreme precision is necessary
in winding all coils.

The present situation is that we are about to assemble the model, and hope to

look for a beam of some sort as soon es this is done. The field is not as accurate



es it should be however, accessibility is poor because of the rather clumsy mechan-
icel design and the r.f. system has not yet been properly tested. Even if we get
so;ne sort of beam it is doubtful what we shell lesrn of real value.

In this programme the ssme old mistekes have been made. Not nearly enough
detailed calculation and planning et the beginning; unrealistic target dates;
not enough experienced staff able to engineer the job properly snd do things in the
most economicel wey, far too much 'string and sesling wax' throughout. We have
suffered elso from lack of space and perhaps a lack of the feeling that the work is
important and that people outside the section are keenly interested in snd anxious
to have our results. .

This cennot go on; the work must be orgenised on & much sounder basis. We
mugt either expend our effort (by introducing experienced men) and our spece ( a
speecial building devoted to the work is desirsble, with a large hall where models
can be erected, with plenty of space around); or concentrate on less ambitious
projects. If we do this we must be prepared to shut the model down after its
preliminary tests even if its performence is poor (as it probably will be).

If the effort is expended we must decide quite clearly what we want to build,
meke an extensive and realistic design study in full collsboration with the theoret-
icel section, and then proceed on a project basis with an adequate number of
experienced scientific staff and of engineers to carry the project through., A large
section of this sort might build simulteneously a 10 MeV ridged cyclotron ( the
Hanger 7 model is not reelly big enough to answer all we need to know), & high
precision 'air cored' cyclotron like Livingston's but with spirel ridges, and support
some experiments of a fundamental nature on plasma beams or space charge. At least
thirty people would be needed, including four or five good P.S.0.s. Such a team
should be recruited during the next year. The question must be ssked: is this a
Justifiable programme? If so, it must be pressed forward.

If such & programme for any reason proves impractical, we must consider whether
to continue with our present programme in the present slow and unsatisfactory wey,
proceéding from our iron pole to an sir-cored pole, with a possible redesign of the
whole apparatus to be closer to the Oak Ridge design; or whether to re-deploy the

effort in other directions. If the latter, then the following programme might be

considered,







