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This paper reviews the present status and 
the apparent trends of cyclotron construction. An 
outlook of existing facilities and of the major tech
nological achievements, including the operation of 
meson factories, is given. A discussion is also made 
of the"place" which cyclotrons hold today in science, 
both basic and applied. The future trends are presen
ted according to the visible scientific needs and 
the different design approaches. 

Introduction 

This seventh A.V.F. Cyclotron Conference co
mes after more than fifteen years of continuous de
velopment in the art of isochronous cyclotron buil
ding. As a result of the many technological achieve
ments these same years have witnessed the cyclotrons 
gaining an ~established place both in fundamental and 
applied science. The coming into operation of meson 
factories last year marks perhaps the highest point 
reached so far by cyclotron technology, a point whi
ch we can proudly celebrate in this Conference. At 
the same time, new and ambitious machines are in the 
building process or on the designers drawing boards. 

The first aim of this paper is to review 
what has been accomplished so far, trying to under
line those features which in the writer's opinion 
characterize today's state of this field. The empha
sis will therefore be not so much on the detailed di
scussion of technological aspects, to which many pa
pers at this and previous Conferences have been de
dicated, but rather on an overall picture of where 
we stand now and the reasons for it. 

The second aim is to look at the perspecti
ves which open up in the medium-range future. Again, 
since the major technological topics are extensively 
dealt with at this Conference, this paper shall deal 
more with the different apparent trends of cyclotrons 
future, and, to some extent, with the rationale be
hind them. A short discussion is made of the major 
projects now under way, with the purpose of underli
ning the differences in the conceptual approaches to 
this third generation of machines. 

As it looks today, the development towards 
the bigge~ and costlier machines of the future will 
also have some impact on the size and attitudes of 
the average . users-builders cyclotron connnunity. Some 
of the foreseable implications will also be briefly 
discussed. 

The Growth of Cyclotrons: Figures 

A.V.F. cyclotrons did start out at the begin
ning of the 60's as basic research (i.e. nuclear phy
sics) oriented machines, as the new accelerating 
technique which they compounded promised unpreceden
ted beam intensities and quality at a fairly low 
cost, in a substantially poorly known region of pro
ton and other light nuclei energies. The potential 
of cyclotrons for applied research did show up howe
ver in a surprisingly short time scale, short, that 

is, if we consider that one or two decades at best 
are needed in most fields for basic research fall-
out to reach the applied research field. In the ca

se of A.V.F. cyclotrons several factors played toge
ther to reduce this time scale. Among them : 

- the extensive work in applied science, particular
ly isotope production, carried out with conventional 
low energy cyclotrons. 

- the established tradition in the use of long lived 
isotopes obtained through reactors by medical peo
ple and biologists and the recognized fact that 
short-lived, neutron deficient isotopes, obtaina
ble with cyclotrons, would be a powerful new tool. 

- the pioneering work made since several years by 
various grouPtl~n individuating new means of can
cer therapy. 

- the growing importance of radiation dama~e fOf2~a
terial science and nuclear reactors stud~es. 

- the willingness of several industrial groups in 
embarking at a very early date in the enterprise 
of making an industrial product out of what is ba
sically a physics laboratory tool. That took some 
courage on their part and in this sense our mostly 
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Fig. 1 Number of operating A.V.F. cyclotrons during 
the past 15 years 
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academic community owes them something. 
If we now look at the present state of cyclo

tron building and at how it developed along the years, 
the result is certainly impressive. One naive, but 
perhaps significant parameter, is the number of ope~ 
rating facilities. This is displayed in fig. 1 as a 
function of time, both for the total number and the 
two separate terms which add up to it, namely basic 
research oriented and applied research oriented cy
clotrons. The distinction comes from a somewhat arbi
trary partition based on 70% or more machine time 
dedicated to basic research, or viceversa. These da
ta have been constructed out of a careful study of 
past Conferences data sheets, as compiled by F.T. 
Howard, implemented by private comunications and so 
on. Shut-down facilities as well as facilities tur
ned over to a different category of users have been 
taken into account. Some errors have undoubtedly 
been committed but this picture should be close to 
truth till 1976. 

We have a total of about 70 facilities in o
peration today, and they should become 77 by the end 
of 1976. The figure shows some interesting features: 

- the total number of cyclotrons increased at a ve-
ry fast pace up to about 1968, and at a slower ra
te afterwards. 

- although the point at the year 1968 could be wrong 
by some units, the two other curves, of mostly ba
sic and mostly applied oriented cyclotrons, show 
indeed that their number increased after that year 
at an almost equal pace. 
the number of applied oriented facilities increa
ses by doubling roughly every 4 years, at least so 
far. 

In order to better appreciate the increasing 
role of "dedicated" cyclotrons fig. 2 shows their 
number as a percentage of total, again a function of 
time. The line drawn in the figure is merely a guide 
to the eye. From 1964 to 1975 we went from 7% (just 
one cyclotron, the Philips-Duphar machine) to over 
30%. 

Another illuminating point of view from which 
to look at cyclotron growth is that of particles e
nergy. Among the various parameters which could be 
selected, and since the vast majority of machines in 
operation today accelerates also protons, the maxi
mum available proton energy has been chosen. The re
sulting hystograms, centered at 5 MeV equally spaced 
intervals, are presented in fig.3, again separated 
among the two major uses. 

A striking, although well known characteri
stics, is the sharp difference in the energy spec
trum covered in the two cases. While more than 80% 
of applied research oriented machines lie within 30 
MeV max. energy, only 45% of the nuclear physics o
riented machines do so. Among the latter we count 
also some low energy H- machines used basically as 
injectors to Tandems and therefore for ultimate e
nergies well in excess of 30 MeV. In fact most of 
the recently commissioned cyclotrons have protons 
energies higher than 50 MeV, not to mention of cour
se the meson factories. 

The increasing statistical weight of applied 
research facilities does not mean therefore that the 
cyclotron is relinquishing his primary role as a 
tool for basic research. Rather, and perhaps as it 
should be, there is a natural subdivision between 
the two fields, with physics oriented cyclotrons hea
ding towards higher energies and different particles 
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Fig. 2 Applied research oriented cyclotrons, in per
centage to total, as a function of the year. 
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Fig. 3 Distribution of cyclotrons (year 1975) among 
basic and applied research uses, as a func
tion of max. proton energy 

(heavy ions). This, in turn, means costlier and big
ger machines, and therefore fewer in number. The nu
merical trend which is already apparent today should 
in fact continue if both research lines are to be 
healthy and productive. 
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The Growth of Cyclotrons:Technological Achievements 

In this section we want to restriet oursel
ves to the main technological developments concerning 
"conventional" AVF cyclotrons, since meson factories 
are bet ter deal t with separately. In more than a sen
se it could be said that cyclotrons builders have 
been better than their words, and to a large extent 
this is the basis of the success that cyclotrons ha
ve so far enjoyed. 

Important progress has been made in: 

- beam quality 
- be am intensities 

reliability and easy operation of machines. 

Of course a host of technical developments 
contributed and we shall comment them in due course. 
I~ is.very hard t~ give an exact idea of the progres
S1ve 1mprovement 1n beam quality which took place. 
Data are not always reliable and are sometimes diffi
cult to interpret. However , for the sake of illustra
tion, fig.4 shows for a few examples the external 
beam current achieved per mm.mrad of radial phase 
space. The data are normalized to 50 MeV proton e
nergy. Roughly speaking, progres s shows up as an in
crease of a factor of 10 over approximately a decade. 
Single turn operating machines stand in a class by 
themselves, of course with limits of a few uA on the 
maximum beam current. 

Another look at the situation, now from the 
point of view of beam power, is provided by fig. 5. 
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Fig. 4 Examples of improvement in the phase space 
beam density, normalized to 50 MeV protons, 
occured during the years 

Typically most cyclotrons run confortably in the 
range of 1 to 3 KW. A beam power of 7 plus KW has 
been proved feasib~e by the SIN Philips cyclotron, 
and that has been 1ndeed a remarkable accomplishment. 

All told, we are probably not too far away 
from realistic upper limits of beam density and beam 
power, which one could set at about 5 uA per mm.mrad 
for the former (at 50 MeV) and around 7-10 kW for the 
latte·r. We are in fact pretty close, for proton and 
other light ions beam densities, to the scaled down 
limit of present cyclotron ion source luminosities 
on one side, and to the point where space charge ef
fects start having a considerable weight on the other. 

In fact, looking for a future new injector, 
the S.I.N. group, aiming at a factor of 10 more in 
beam power, and roughly a factor of 60 mere in pha
se space density (i.e. 1 rnA at 72 MeV p, within 4 
mmrad and 150 ~eV FWHM energy spread) decided that 
th: mos(3~ractical.solutio~ wo~ld be a two stage ma-
ch1ne. The proJect, wh1ch 1S presented at this 
Conference, calls for an electrostatic generator 
injecting into a 4 separated sectors cyclotron. ' 

While the heavy ions field is perhaps too yo
ung and fast developing to foresee limits on the in
tensities and states of charge, one should pay some 
tribute to the exceptional PFogress made in the ac
celeration of polarized particles. Just about 10 
years ago we were still talking in terms of a few 
nanoamperes of polarized protons· on target. ~4) Now, 
with the success of axial injection systems, curre~5 6 
ts of hundreds of nA, up to 1 uA have been reported ' ) 
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Among the factors which contributed to t he
se successes one should list: 

- extensive studies of ion sources, both of normal 
and polarize d ions, carried out in the past decade. 

- the development of external injection systems, mo
stly axial, now in use at more than 10 facilities 
throughout the world. 

- the intensive studies of factors influencing cen
ter region performance, both for the electrodes 
geometry and space charge effects. 

- the improvement in magnetic field and R.F. regula
tion systems, where a solid factor £$ 10 has b~~n 
gained. In fact stabilities of lxlO and lxlO 
are now achievable, respectively, for the two para
meters. Cyclotrons made therefore a very good use 
of progress made in independent technologies. 

Machine reliability also increased during 
the years and the efforts in computer control, with 
the ultimate goal of automation, are now starting to 
payoff. There will be a session on this topic at 
this Conference , so there is no need to go into any 
detail here. This feature is going to play an in
creasing role in the future, for the applied resear
ch oriented facilities as well as for the others. 
The reason for the interest in the former field are 
nearly obvious, and one might quote that the Amersham 
cyclotron already runs for more than(790 hours conti
nuosly without operator assistance. However, com
puter control will be increasingly important also 
for basic research oriented facilities as shrinking 
operating budgets and lack of personnel make feel 
their weight . 

The Growth of Cyclotrons: Meson Factories 

The recent (1974) operation of AVF meson 
factories is the most spectacular achievement of the 
cyclotron art. The possibility of building meson fac
tories, stimulated by the new field of physics ope
ning up because of their superior beam intensity a~§) 
quality, has been around since more than 12 years. 
As it looks today, the situation is presented in Ta
ble 1. (The Los Alamos facility (LAMPF) is not con
sidered only because it is a bit outside the scope 
of this paper). 

The SIN and TRIUMF facilities have both rea
ched their design energy. Present operation is at lo
wer beam intensities than the ultimate goal, but 
this is m~stly due to a sensible regard to activa
tion problems, and nothing will prevent reaching tho
se goals . in the near future. The two machines have 
entirely different characteristics as everybody kno
ws, a~d much more ab~~t15?em is told in papers given 
at th~s Conference. ' 

In terms of technological progress their 
operation has these meanings: 

- S.I.N. has proved, and that was a first, the sound
ness of the separated sector cyclotron concept, to
gether with a remarkable achievement in the deve
lopment of R.F. cavities, which they run up to 600 
KV peak voltage. Injection, acceleration and extrac
tion were managed through very careful studies but 
no unknown problems did really materialize. 

- TRIUMF proved the soundness of extending the con
cept of "single pole" AVF cyclotrons to much hi
gher energies, with a six sector geo~try, and ful
ly exploiting the possibilities of H acceleration 
with two simultaneous extracted beams at total 100% 

Table 1 Meson factories today 

LOCATION STATUS ~~ ~~~~) FEATURES REMARKS 

s'1.N. OPERAT. S90 - 590 100 _ 27 2.~. '_IOf~. n_ 
_ .. .... 

4c_"_ ( IIOOK'I ~ ... ). 

_ .. 
100,. ... _ 

VILUGEN ( 1974) 
,,, _....-o ...... tton • mA 

_ ... 
" ... -.. ...-

TRIUMf OPERAT. 500 - 520 100 - 'II 
..,- Kc.Mr.tlon e _10ft .- 180" 0... ( 851('1 ) 

VANCOUVER ( 1974 ) ..... _ ..... .. ,..""" -....., ( 8) - 5.20 ..... ) 

~y~rnodIIMt.., ............ 
'I~.:r-CERN QPERAT. 600 - 604 7 -.6 4~ o:yr:les/_ . .....-

GENEVA ( 1974 ) (atl/t6~rat.) ~~v..::: 
1O'\ ..,lr..:11on .tllcJenc." 

._ton. 1"" ~...:Idotd ...... InjKHon -DUBNA 1975 700 - 25 -
• 000. ~IW pe_ polerlMd Ion -..c:. 
eoo cycle.,_. 
:W'lo •• tr..:llo" .tf\dIIncy 4111PKNod 

3 "":Ior, 35' ..... ed<Md _ ''''''' IrIcr.awod 

NEVIS 1975 570 - 570 20-
JOO c ,cIe./sec. ::""510~~ 3801HoI , 0 .. 
colde-thodoo,ourc:. 
1O, .. I.KlloneffIct.ncY4xpecied 

efficiency. It may be recalled that this particular 
problem was (~I)subject of dis~ussio~s . at earlier 
conferences and the emerg~ng op~n~ons would not 

always agree. Also here external injection, axial in 
this case, was handled by a careful study and it pro
ved successful.Extraction did not constitute of cour
se any problem. 

The other meson factories listed in Table I 
are the m~dified syncnrocyclotrons which are now co
ming or about to come into operation, namely the 
CERN, DUBNA and NEVIS facilities. It is proper to 
mention them here, not only because of the natural 
overlap in the research field covered by truly AVF 
fiacilities, but also because these modificattion pro
grams did in some way or another benefit from AVF 
cyclotrons technology. In fact two of them (NEVIS, 
DUBNA) added respectively three and four spiralling 
sectors to improve axial focusing and to provide a 
radially increasing field, which would in turn re
duce the range of modulation frequencies. This opens 
up the possibility of a sharp increase in Dee vol
tage and therefore the benefits of an hooded ion 
source and a factor of 8 to 10 increase in the pul
se rate. 

The CERN facility retains the weak t£zysing 
principle of the original syncrocyclotron, but 
its designers have nevertheless gone to great pains 
in order to increase the dee voltage over the requi
red frequency range. 

As a result, converted syncrocyclotrons pro
mise to be very useful in future years. The much 
better hooded arc sources and the higher extraction 
efficiencies expected will produce an order of ma
gnitude improvement over previous performance. All 
together, we may therefore conclude that the hunt 
for advanced sources of pions and muons, with which 
to probe the nucleus and its constituents, has suc
ceeded in catching its prey. 

The Place of Cyclotrons in Science 

As a reflection on the previous listing of 
statistics and technical achievements, one might ri
ghfully ask about the real place that cyclotrons 
hold in science today. 

Such a question has no easy and indisputa
ble answers since so many factors enter the picture. 
However, there are no doubts that the relative low 
cost vs. performance of cyclotrons has enabled a 
number of moderately budgeted users to provide them
selves with a modern and advanced research tool. 

This appears to be true for both nuclear and 
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Table 2 Distribution of AVF cyclotrons operation 
among different institutions 

TYPE OF INSTITUTION '" of CVCl. % 

UNIVERSITIES - 37 ·51 

NATIONAL LABORATORIES - 20 .2B 
(OR OTtER NATL-LiKE INSTIl.) 

MEDICAL SCHOOlS- 1-(NAlL. OR LOCAL) 10 • 14 

HOSPITALS 

INDUSTRIES - 5 . 7 

TOTAL 72 100 % 

applied physics users, and it becomes quite natural 
if we, as physicists, realize that what we call "ap
plied research" is most often ''basic research" for 
somebody else, who belongs in any sense to the scien
tific community. 

To support this statement, Table II shows 
the distribution of operating cyclotrons among dif
ferent institutions, on a world wide basis, as of 
end of 1975. The table shows that a relative majori
ty of cyclotrons (51%) is operated by Universities, 
which have always been, and the writer hopes will 
continue to be, the backbone of scientific research. 
In fact, if one adds up the cyclotrons operated by 
medical shools and hospitals (14%), which are very 
much university-like institutions, one arrives at a 
hefty 65%. National Laboratories or the like make up 
for 28% of the total and they do have of course an 
almost exclusive right to host the bigger and costlier 
installations like the meson factories. The 7% allot
ted to industries, with 7 facilities, is bound to 
increase, as short-lived isotopes gain a larger sha
re of the potential market. 

It is very difficult to judge the quality 
of scientific production due to cyclotrons, and to 
some extent also its quantity. Limiting ourselves 
for the mument to nuclear physics research and to 
its quantitative aspect, I tried to envisage a para
meter which could at least represent the trend over 
the years. 

An admittedly rough indication can be had 
from the number of experimental nuclear physics pa
pers publ ished on "Nuclear Physics" and "Physical 
Review" every year, trying to subdivide them accor
ding to the accelerator type or other kind of basic 
tool used. This painstaking research has been mostly 
carried out by Dr. E. Fabrici, University of Milan, 
to whom the writer is deeply indebted, and it spans 
a period of ten years, from 1964 to 1974. 

The results are shown in fig.6 on top for 
the total, and on bottom for the distribution of pa
pers according to the use of different facilities. 
The signs of the crisis which has hit science, and 
has brought about a net decrease in the support of 
basic research, are all too evident. After a peak 
around 1971 the total number of papers decreased, 
going back in 1974 to something like 1968 levels. 
The same is true for cyclotrons and electrostatic 
machines as well, while research with reactors, ra
dioactive sources etc. declined more rapidly. A iook 
to fig.7, which reports the percentage distribution, 
shows a somewhat different picture, although basi
cally consistent. The percentage of experiments made 
with electrostatic machines keeps going up, that of 
reactors and radioactive sources steadily down. Cy-
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Fig. 6 Total number of experimental nuclear physics 

papers (top) and subdivided according to use 
of different facilities (bottom), published 
per year in Nucl. Phys. and Phys. Rev. 

clotrons produced papers are, percentage wise, de
creasing after 1971. 

The picture which emerges from ~hese data 
should be taken' "cum granu salis" since quantity is 
certainly no substitute for quality and the two Jour
nals considered here are of course not the only ones 
where original nuclear physics work is published. 
Also, errors could have been committed in the sur
vey. However, some conclusions can be drawn: 

even taking into account the time lag which exists 
between the "initial operation" of a cyclotron and 
the time when a Laboratory begins producing resear
ch, the trend of published papers bears no resem
blance, in the 70's, to the increasing number of 
machines. 

- cyclotrons do suffer, nowadays, from a shortage of 
budget, or scientific manpower, or both. In fact 
they were harder hit than the smaller machines, 
which constitute the vast majority of electrosta
tic accelerators. 

- it . looks therefore that, in a way, the cyclotrons 
are under-utilized as far as basic research goes. 

One could argue that the worldwide push to
wards "applied" uses could be partially responsible 
for this trend . . On the other hand the fraction of 
beam time devoted to these uses in nuclear-physics 
oriented facilities never surpasses 30% and is more 
likely to be around 15% to 20% on the average. If 
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one looks to the curves of fig.l then such an expla
nation cannot really hold . 

It is perhaps too early to evaluate in 
similar quanti tative terms the "production" of cy
clotrons dedicated to applied research, and, in any 
case, much more difficult. To the writer's best kno
wledge, however, this kind of activity is still ex
panding at a very fast rate, although it can hardly 
be measured in terms of published papers. It will 
take perhaps another few years in order to evaluate 
the real impact which cyclotrons will have had on 
such various topics as patients therapy, diagnostics, 
activation analysis, environmental science and ma
terial science. It is in any case undisputable that 
the low cost and easy operation of cyclotrons have 
allowed a number of insti tutions to start programs 
in these directions. In many cases these institu
tions can only afford a limited technical support 
staff and the modern cyclotrons certainly allow that. 

Altogether, from a generally satisfacto
ry outlook which bears all the marks of a field in 
expansion, the only sober note which emerges is that 
of the relative decline in the amount of nuclear 
physics research. 

Should this trend continue it would in
deed be serious. It is of course obvious that in a 
will established realm of science, like nuclear phy
sics, experiments tend to be more elaborated and ti
me consuming so that more effort has to go in for a 
comparable output. Still the fact remains that pro
bably the available scientific manpower and finan
tial support) or maybe even people enthusiasm, are 
undersized with respect to available facilities. 

One could be confident that the new ma
chines will to some extent reverse this trend. This 

is to be hoped for, because a healthy and expanding 
fundamental research is ultimately the best backgro
und for an equally productive applied one. 

A Look to the Future 

A) - Conventional machines 

The most likely trend is a continuous in
crease in the number of applied research facilities, 
where computer control and automation will play an 
increasing role. It is unlikely that major technolo
gical advances will be made in beam int~nsities and 
qualities as far as light ions (p,d, He ) are concer
ned. One could instead expect that the effort on in
ternal heavy ion sources will push(f~yward the pre
sent limits by substantial amounts. One should 
also expect that axial injection systems for heavy 
ions shall become mDre efficient than they are at 
present. In fact internal sources did prove quite com
petitive so far but there is no reason why external 
injection systems,using advanced sources, like the(14) 
elect ron-beam type should'nt eventually take over. 

Further developments are also to be expected 
in the auxiliary experimental equipment around the 
accelerator, such as spectrometers, whose building 
is often a major technological enterprise. 

B) - High energy light ions machines 

To the writer's best knowledge no new 
projects in the meson factory range are envisaged 
for the near future. The number of facilities is 
probably going to be sufficient, world-wide, for so
me time to come. Initial interest in still higher 
proton energies machines, the so called k-meson fac
tories, has not materialized so far in an approved 
project. Perhaps the time for these very large ma
chines will come only after some exploitation of ex
sting meson factories and when and if a genuine in
terest arises in the physics community for this exo
tic nuclear probe. 

One much more likely development in this 
sector, and in fact a development to some extent al
ready under way, is toward filling the gap between 
100 and 500 MeV proton energy. If one remembers the 
energy distribution shown in fig.2, one sees that
no AVF cyclotrons are operating in this energy ran
ge, apart from the variable energy beams of TRIUMF. 

Since a great deal of interest has arisen 
in the medical field for exactly this kind of proton 
energies, especially for therapy purposes, various 
projects are being studied. They are reported in pa
pers at this Conference, so only a listing is made 
here. 
- Conversion of the Uppsala syncrocyclotron incorpo

rating AVF features (180 MeV). 
- Design of a 150 MeV proton medical machine by a 

Berkeley group. 
- Proposal of a 200 MeV separated sectors cyclotron 

for South Africa, mainly for medical uses. 
All possible technical approaches are the

reby equally represented. Hopefully at least some of 
these proposals will have materialized by the time 
of the next Conference. 
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Table 3 Multistage heavy ions facilities: operating
in construction-planned 

lQCATK)N-
~ 

INJECTOR 
NAME FEATURES 

BOOSTER FEATURES 

ORSAY OPER UNA(; - t15 MfN/am.J AVF CYCLOTRON 
(CEVIL-AlICE) .... K.75 

DUBNA OPER CYCLOTRON K.250 AVF CYCLOTRON 

1968 K. 156 

BERLIN 1978 V. de GRAAFF. 6 MV SEPARATED SECTOR 
(VICKS! ) CYCLOTRON (4) K· 120 

INOIANA 197. roo KV - DC PLUS SEPARATED SECTOR 

(IUCF) SEA\RATED SECTOR (4) 
CYCLOTRON (4) K .. 220 

CYCLOTRON K. 15 ( .... 200 MfN protons) 

LOUVAIN ....... CYCLOTRON K. 70 AVF CYCLOTRON 

(c:;~g~~.) K= 110 

OAK RIDGE 1978 ~ MV TANDEM. SEPARATED SECTOR 

(N.H.U (1st 
CYCLOTRON K_ 90 CYCLOTRON (4) K= 310 

-) (ORIC) 

ORSAY Study 
AVF C'f'CLOTRC>N K_25 SEPARATED SECTOR + 

(GANll) SEPARATED SECTOR (4) CYCLOTRON (4) K= 400 
CYCLOTRON K_400 

/cHAlK RIVER 1-'" 13 MV TANDEM SlJPERCONDUCTING 

CYCLOTRON K= 480 

MtcHIGAN 
Started STATE TANDEM OR SUPERCONDUCTING 

UNIVERSITY CYCLOTRON CYCLOTRON K= 440 
LANSING 

aUEBEC Study AVF CYClOTRON K_2Q SEPARATED SECTOR 

'" K= 485 
TANDEM? 

CYCLOTRON 

MILAN Study 16 MV TANDEM SUPERCONDUCTtNG 

CYCLOTRON K .. 400 

C) - Heavy ions machines 

A flurry of machine design act~v~ty has 
been going on since the last Conference on this sub
ject. Most of the topics involved are covered in a 
number of papers at this Conference so only a short 
review is made here. 

Interest in heavy ion physics has picked up 
a substantial momentum in recent years, spurred by 
theoretical speculations on the existence of super
heavy elements and by interesting new phenomenolo
gies in the field of nuclear reactions with heavy 
ions. Also the filling of a number of voids in the 
Nuclear Species Chart has considerable interest. 

As a result of the demand for higher ener
gies, typically as high a 10-15 MeV/Nucleon for u
ranium and 50 to 100 MeV/liIucleon for light. (A<50) 
elements, a number of projects have surfaced. 

Despite the competition from linear accele
rators (like Super Hilac and Unilac) the cyclotron 
appears to many as an ideal booster well suited for 
the post acceleration of beams from other machines. 
Such "injector" machines range from a Tandem, to a 
compact cyclotron, to separated sector cyclotrons. 
All these machines seem to provide reasonable ener
gies and intensities for heavy ions to be stripped 
at injection into the cyclotron booster. 

The present overall situation is shown in 
Table III. These features show up: 

- in comparison2with earlier K values (K 
T/A = K (Z/A) ) of 100 to 200 machines 
being designed with K's of 40b to 500. 

defined as 
are now 

- preferred candidates for this generation of boo
ster cyclotrons are separated sector and super
conducting machines. Hybrid multistage systems 
(cyclotrons + tandems) are considered and that , ' wasn t the case just a few years ago. 

- designers of separated sector cyclotrons are con
fident, also on the .basis of successful S.I.N. 
experience, that the design goals can be substan
tially reached. 

- a new technology, that of superconducting cyclo
trons, is now appearing. This type of machine se
ems to meet mDst requirements for heavy ions acce
leration. Many problems, including magnetic field 
shaping, injection, and extraction, will have to 
be solved before they come into operation but the
re is a very high degree of confidence in ultimate 
success. 

The superconducting cyclotron appears a po
werful blend of already progressing-technologies. 
Its construction will then be perhaps more a problem 
of putting together properly, different pieces of 
equipment, rather than to develop substantially new 
ideas. 

Concluding Remarks 

As it looks now, a new wave of progress is 
in the making, centered on the design and construc
tion of large heavy-ions machines. 

It is very likely that this fact, and just 
the much bigger physical size of these machines 
will in turn change somewhat the typical composition 
of the scientific community living around a cyclo-
tron. 

So far the typical university-size cyclotron 
has been a facility where the role of builders and 
users were not readily distinguishable, and in fact 
they simply corresponded sometime to different pe
riods in the lives of the same individuals. 

This is perhaps one of the reasons, maybe 
not the least one, of the very large output of si
gnificant results obtained over the years in basic 
research, and of the fast fall-out effect on appli
ed research. 

Conceivably this is going to change with the 
bigger machines, located in National Laboratories 
or the like, and presumably we are heading toward 
a situation more similar to that of high energy 
physics. This has certain definite advantages, but 
also some disadvantages, and this writer is not per
sonally sure of which outweighs which. 

Let us hope however that the strict connec
tion and mixing of builders and users, characteri
stics of the cyclotron field, will keep going for 
quite a while, because we need it. 

Finally, if one tries to assess the reasons 
why some people (like many of those gathered here) 
keep alive the cyclotron building tradition in pre
ference of other means of achieving the same goals 
- e.g., to accelerate heavy ions to very high ener-

gies - one is certainly confronted with difficult 
questions of judgment, and cannot even escape a 
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fair amount of guesswork. 
It turns out to be just as hard to summarize 

one's feelings on the different technical approaches, 
now evident within the cyclotron builders community, 
toward the solution of essentially the same problem. 
To measure in an objective way the pros and cons is 
very nearly impossible. 

Perhaps the only sensible thing to say is 
that progress in science has been historically ge
nerated by the work of people who started doing 
things "in a different way". 

This is exactly what the cyclotron scienti
fic community has been doing and is doing right now. 

References 

1) - R.L. Morgan - Proc. Sixth. IntI. Cyclotron Conf. 
Vancouver - AIP-1972 , pag. 562 - and references 
therein. 

2) - R.S. Nelson - Proc. Sixth. IntI. Cyclotron Conf. 
Vancouver - AIP-1972, pag. 664 - and references 
therein. 

3) - Feasibility study for a new SIN injection acce
lerator - SIN Report 1972 (unpublished). 
U. Schryber - Proceed of this Conference - (1975). 

4) - M.K. Craddock -. IEEE. Trans. Nucl. Sci - Vol. 
NS-13 (1966), 127. 

5) - D.J. Clark - Proc. Sixth. IntI. Cyclotron Conf. 
Vancouver - AIP-1972, pag. 19l. 

6) - R.A. Kenefick - Private Communication. 

7) - Cyclotrons - 1975 - Data sheets - Compiled by 
F.T. Howard (unpublished). 

8) - R.P. Haddock - Nucl. Instr. and Meth. 18-19 
(1962), 387. 

9) - H. Willax - Proceedings of this Conference 
(1975). 

10)- J.R. Richardson - Proceedings of this Conferen
ce - (1975). 

11)- D.L. Judd - Nucl. Instr. and Meth., 18-19 
(1962) 70. 

12)- E.G. Michaelis - Proc. Sixth IntI. Cyclotron 
Conference - Vancouver - AIP-1972, pag.141. 

13)- J.E. Osher - IEEE Trans. Nucl. Sci - Vol. NS-22 
(1975) 1626 - and references therein. 

14)- R.W. Hamm, R.A. Kenefick - IEEE Trans. Nucl. 
Sci - Vol. NS-22 (1975) 1637. 

Proceedings of the 7th International Conference on Cyclotrons and their Applications, Zürich, Switzerland

26


