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The European Organization for Nuclear Research (CERN) came into being in 1954 as a co-operative enterprise among European governments in order to 
regain a first-rank position in nuclear science. At present it is supported by 13 Member States, with contributions according to their national revenues : 
Austria (1.92 % ) , Belgium (3.78), Denmark (2.05), Federal Republic of Germany (22.47), France (18.34), Greece (0.60), Italy (10.65), Netherlands (3.87), 
Norway (1.46), Spain (3.36), Sweden (4.18), Switzerland (3.15), United Kingdom (24.17). 
Contributions for 1963 total 92.5 million Swiss francs. 

The character and aims of the Organization are defined in its Convention as follows 

'The Organization shall provide for collaboration among European States in nuclear research of a pure scientific and fundamental character, and in 
research essentially related thereto. The Organization shall have no concern with work for military requirements and the results of its experimental and 
theoretical work shall be published or otherwise made generally available.' 

Although in July the holiday season 
meant that room could nearly always 
b e found in the car parks, life pro­
c e e d e d very much as usual for those 
who remained in CERN. 

Apart from the routine number of 
hours for machine deve lopment and 
nuclear chemistry, roughly half the 

running time of the proton synchrotron 
during July was spent with the external 
proton beam, for the 1 neutrino e x p e ­
riment ', and half with the internal beam, 
primarily for the two counter experi­
ments in the East hall. These two — 
o n e studying the nature of the second­
ary particles from proton interactions 
in various targets, the other some new 
measurements on proton-proton inter­
actions — both completed their machine 
runs. Several other experiments using 
counters and spark chambers were 
being set up, or shared the beam during 
these runs. 

The proton-proton interaction experi­
ment, which investigated the production 
of excited nucléon states (isobars) and 
deuterons, served to provide an in­
teresting demonstration of the flexibility 
of operation of the synchrotron. Norm­
ally a high-energy accelerator like the 
PS is not used to accelerate protons 
to energies much be low the maximum 
possible, since usually it is the higher 
energies that are most useful, lower-
energy accelerators being used for 
lower-energy problems. For an experi­
ment like this one , however, where the 
production of the isobars and deu­
terons changes in a systematic way with 
the incident energy, if is useful to b e 
able to vary the energy of the incom­
ing protons over as wide a range as 
possible. In this way, any errors that 
might b e introduced by transferring the 
detecting apparatus to a lower-energy 
machine is avoided . Thus during the 
progress of this experiment in June and 
July the incident proton energy was 
varied right down to about 3 G e V . As 
a final proof of versatility, during one 
of the machine development periods 
the synchrotron was operated at 1 GeV, 
equal to the maximum energy of 
Europe's smallest (and first) synchrotron 
at Birmingham University, where, inci­
dentally, many of CERN's accelerator 
engineers gained their initial expe ­
rience. 

The intensity of the synchrotron's 
circulating beam was further increased 
during the month, and the maximum 
recorded figure has now reached 8.5 x 
10 1 1 protons per pulse. The highest 
average for one 8-hour shift was 7.9 x 

10 1 1 protons/pulse and the average for 
the whole month just over 7.2 x 10 1 1 

protons/pulse. 

In previous discussions of the fast 
ejection system now operating at the 
synchrotron, mention has been made of 
the slow ejection equipment, des igned 
to extract the protons gradually from 
the circulating beam over a considerably 
longer time during each machine cycle , 
to suit experiments using electronic 
counters and spark chambers. 

At the end of July, a further step was 
taken towards the provision of this 
facility. During the 2 V2 normal main­
tenance days, the 'slow ejection magnet' 
and its electromechanical positioning 
equipment were complete ly installed in 
the vacuum b o x in straight-section no. 1 
of the accelerator. This is the same box 
that contains the fast ejection magnet, 
but whereas the fast magnet is impelled 
into the beam path from be low, the 
slow magnet moves in and out in a 
horizontal plane. Both systems have 
been carefully interlocked, so that they 
d o not interfere with each other. 

The slow ejection magnet is of the 
1 septum 1 type, with a length of about 
1.8 metres and overall cross-section 
10 cm x 15 cm. Before being installed, 
the whole system had comple ted some 
250 000 cycles of test operation in a 
similar vacuum b o x in the South-hall 
extension, under norma! operating con ­
ditions except that there was no proton 
beam or other radiation. 

Back at CERN in July was Anselm 
Citron, physicist of the Nuclear Physics 
Division and present co-ordinafor of 
experiments on the synchro-cyclotron, 
after a stay from 23 May to 20 June at 
the Joint Institute for Nuclear Research 
in Dubna, U.S.S.R. During his visit, the 
result of an invitation to a number of 
CERN physicists from Prof. D.I. Blockhint-
sev, Director of the Institute, he worked 
in the Laboratory of Nuclear Problems 
on the first stages of the installation 
of a muon beam at their 660-MeV 
synchro-cyclotron. His experience with 
the design and construction of the 
muon channel at the CERN synchro­
cyclotron was thus of particular use. He 
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Thé cover photograph was taken in the 
control area of the big spark-chamber 
assembly in use for the neutrino experi­
ment, during the ini t ial stages of a run 
during July. Of the three physicists in 
the picture, representative of more than 
a dozen working on this part of the 
experiment, only one is a CERN staff 
member — Frank Krienen, from the 
Netherlands, who is furthest from the 
camera. Max Reinharz, speaking into the 
microphone of the comunications set 
l inking the experimental areas and the 
main control room of the synchrotron, is 
a research associate, from Austr ia, and 
Shuji Fukui is a Ford v is i t ing scient ist 
from Japan. An art ic le on CERN fel lows 
and vis i tors, and the way in which they 
jo in in the work of the Organizat ion, 
begins on p. 101. 
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also gave two lecfures (in Russian) ; one 
at a general seminar, on the experiments 
already completed or now in progress 
at the CERN SC, the other more spe­
cialized, on muon focusing devices. 

Apart from other Laboratories (equi­
valent to CERN Divisions) of the Institute, 
he visited the Lebedev Institute in 
Moscow, which has various electron 
accelerators, and the Physical Institute 
of the Armenian Academy of Sciences, 
in Erevan, where he saw the 7-GeV 
electron synchrotron under construction 
and some large-scale cosmic-ray expe­
riments. 

Both he and his wife were very 
cordially received everywhere, and 
apart from the scientific interest of the 
journey they were able to meet many 
people and see something of the every­
day life of the country* 

Slight corrections to the data on sub-
nuclear particles published in our May 
issue have been shown to be necessary 
by a communication from physicists of 
the Lawrence Radiation Laboratory, 
Berkeley, U.S.A., in Physical Review 
Letters dated 1 July. This resolves an 
anomaly previously existing in the 
determination of the mass of the 2~ 
hyperon and gives new values for both 
this mass and that of the 2 ° . The new 
values are 1197.6 ± 0.5 MeV and 
1193.2 ± 0.7 MeV respectively. The 
previous anomaly was shown to be due 
to the fact that 2 " particles slowing 
down in matter lose energy at a lower 
rate than 2 f particles of the same 
velocity. 

Prof. A. H. Rosenfeld, of Berkeley, 
has also kindly pointed out to us that 
the efa meson occupies an anomalous 
position in table 2 of the listing in the 
May issue. Its short lifetime is due to 
decay by means of the ' electromagne­
tic ' interaction and it is in fact stable 
against disintegration by the ' strong ' 
interaction. Although it is among the 
newer particles to be discovered, trans­
ferring the eta meson from fable 2 to 
table 1 would make the table headings 
more correct, an ' elementary ' particle 
being interpreted as one which is 
stable against break-up via the strong 
interaction. 

W e hope to return to this subject 
later on, but meanwhile, readers of 
CERN COURIER will be interested to 
know that Prof. Rosenfeld is currently 
contributing a series of articles entitled 
' An elementary (?) guide to the 
elementary (?) particles' in the Lawrence 
Radiation Laboratory's monthly journal 
The Magnet* 

In 
Memory 
of 
Prof. Bakker 

A t 12.30 a .m. o n T h u r s d a y 25 J u l y , m e m b e r s o f C E R N g a t h e r e d i n t h e 

l i b r a r y t o r e m e m b e r o u r f o r m e r D i r e c t o r - g e n e r a l , t h e l a t e P r o f . C . J. 

B a k k e r , a n d t o w i t n e s s t h e u n v e i l i n g o f a b u s t c r e a t e d — f r o m m e m o r y — 

b y o n e o f us , P a u l T h e u r i l l a t , p h o t o l i t h o g r a p h e r i n t h e S c i e n t i f i c I n f o r ­

m a t i o n S e r v i c e . 

T h e r e a l s o w e r e M r s . B a k k e r , M r . J. H . B a n n i e r , N e t h e r l a n d s d e l e g a t e 

a n d V i c e - p r e s i d e n t o f C E R N C o u n c i l , M r s . B a n n i e r , a n d M r s . D a k i n . T h e 

u n v e i l i n g w a s p e r f o r m e d b y S. A . f f . D a k i n , C E R N ' s D i r e c t o r a t e M e m b e r 

f o r A d m i n i s t r a t i o n , d e p u t i z i n g f o r t h e D i r e c t o r - g e n e r a l , P r o f . W e i s s k o p f , 

w h o w a s u n a b l e a f t e r a l l t o b e p r e s e n t . 

M r . D a k i n r e c a l l e d P r o f . B a k k e r as t h e c h i e f o f t h e f e w d e v o t e d m e n 

w h o b u i l t u p t h e f r a m e w o r k o f t h e O r g a n i z a t i o n , f o r m i n g t h e l i v i n g 

s t r u c t u r e t o e x p r e s s t h e i d e a l s f o r w h i c h i t w a s c r e a t e d : 

' V e r y h a p p i l y , h e s a w t h e s y n c h r o - c y c l o t r o n c o m e i n t o m o s t s u c c e s s f u l 

o p e r a t i o n , a n d t h e f i r s t o f t h e m a n y f i r s t - c l a s s r e s e a r c h r e s u l t s t o c o m e 

f r o m it , t h e h a r v e s t o f s o m a n y y e a r s o f h i s w o r k , a s L e a d e r o f t h e 

S y n c h r o - c y c l o t r o n G r o u p b e f o r e C E R N e x i s t e d , as D i r e c t o r o f t h e S C 

D i v i s i o n a n d as D i r e c t o r - g e n e r a l . W e m u s t b e h a p p y t h a t h e s a w a l s o t h e 

o p e r a t i o n a n d t h e i n a u g u r a t i o n o f t h e p r o t o n s y n c h r o t r o n . ' 

C o n t i n u i n g , M r . D a k i n r e m i n d e d u s t h a t : ' P r o f . B a k k e r s a w C E R N 

t h r o u g h t h e f i r s t o f i t s g r o w i n g p a i n s , w h e n t h e M e m b e r s t a t e s h a d t o 

b e g r a d u a l l y , a n d p a i n f u l l y , c o n v i n c e d t h a t t h e o r i g i n a l e s t i m a t e s o f o u r 

s i z e a n d c o s t , d r a w n u p w i t h t h e i n n o c e n c e o f p e o p l e w h o w e r e t r y i n g t o 

d o s o m e t h i n g t h a t h a d n e v e r b e e n d o n e b e f o r e , h a d p r o v e d g r o s s l y i n s u f ­

f i c i e n t . . . C E R N is n o w g o i n g t h r o u g h a n o t h e r s u c h p e r i o d ; w i t h o u t t h e 

w o r k a n d e f f o r t w h i c h P r o f . B a k k e r d e v o t e d t o i t a f e w y e a r s a g o , C E R N 

w o u l d n o w b e b a r e l y a l i v e e n o u g h t o g r o w . ' 

O f t h e b u s t , M r . D a k i n s a i d : ' I t s e e m s t o b e p a r t i c u l a r l y f i t t i n g t h a t (it) 

i s t h e w o r k o f a m e m b e r o f t h e C E R N staff . . . T h i s m a k e s i t p e c u l i a r l y a 

C E R N f a m i l y o c c a s i o n , a n d i t i s g o o d t h a t t h i s b u s t s h o u l d b e p l a c e d i n 

t h e l i b r a r y , n o t i n a p u b l i c p l a c e , b u t i n t h e v e r y h e a r t o f C E R N i t se l f . ' 

M r . B a n n i e r , s p e a k i n g , as h e s a i d , o n b e h a l f o f M r s . B a k k e r a n d h e r 

f a m i l y , f o r h i m s e l f , a n d as N e t h e r l a n d s r e p r e s e n t a t i v e o n t h e C o u n c i l , 

r e m e m b e r e d P r o f . B a k k e r f i r s t l y as a s c i e n t i s t , w h o h a d p u t a l l h i s 

e n t h u s i a s m i n t o b u i l d i n g u p t h e s c i e n t i f i c o r g a n i z a t i o n t h a t is C E R N . I t 

w a s f i t t i n g t h a t h i s i m a g e s h o u l d b e i n t h e l i b r a r y , w h e r e a l l t h e r e s u l t s 

o f C E R N ' s w o r k a r e s t o r e d i n p r i n t e d f o r m a n d w h e r e i n s p i r a t i o n f o r 

f u r t h e r p r o g r e s s is t o b e f o u n d . 

B u t P r o f . B a k k e r w a s a l s o m o r e t h a n a s c i e n t i s t ; h e h a d a s c i e n t i s t ' s 

v i s i o n f o r i n t e r n a t i o n a l c o - o p e r a t i o n a n d b e t t e r u n d e r s t a n d i n g b e t w e e n 

p e o p l e s . F r o m t h e v e r y e a r l i e s t d a y s h e h a d i m a g i n e d , a n d w o r k e d f o r 

C E R N n o t as j u s t a n o t h e r i m p o r t a n t s c i e n t i f i c i n s t i t u t i o n , b u t a s s o m e t h i n g 

o f v e r y g r e a t h u m a n v a l u e . I t w a s g o o d t h a t i n t h e f u t u r e t h o s e w h o 

w o r k e d h e r e , a n d t h o s e w h o c a m e t o C E R N as v i s i t o r s f r o m a l l o v e r t h e 

w o r l d , s h o u l d f i n d h i m h e r e a l s o as t h e s p i r i t o f t h e i n t e r n a t i o n a l c o ­

o p e r a t i o n t h a t h e h a d s o m u c h a t h e a r t © 
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Larger accelerators recommended 
for the U. S. A. 

In the U.S.A. a panel of scientists, convened by the 
President's Science Advisory Committee and the General 
Advisory Committee of the Atomic Energy Commission, has 
made a number of recommendations for the development 
of high-energy physics there. Foremost among the panel's 
specific proposals is the building of a 200-GeV proton syn­
chrotron by the Lawrence Radiation Laboratory, Berkeley. 
Also included are the construction of storage rings for the 
alternating-gradient synchrotron at the Brookhaven National 
Laboratory, the initiation of a design study for a proton 
synchrotron of 600 - 1000 GeV, also at Brookhaven, and 
the construction by the Midwestern Universities Research 
Association (MURA) of a very high-intensity accelerator. 

On the question of a joint U.S.A. - U.S.S.R. accelerator 
project the panel is of the opinion that 4 a jointly construc­
ted and managed high-energy accelerator... would be a major 
" breakthrough " in regard to the amount of information 
exchanged between the two sides At the present time, 
however, accelerators of the sizes now contemplated (200 -
300 GeV) are considered to be within the capabilities of 
more than one group, and such accelerators are needed on 
both sides of the Atlantic. 

The panel members see 4 considerable merit ' in joint co­
ordination and planning, and in fact some preliminary 
discussions on those lines are now going on. As mentioned 
before in CERN COURIER (May 1963, p. 62) , represen­
tatives of the U.S.A. and U.S.S.R. were invited to take part 
in the discussions of the European committee for future 
accelerators. (The Magnet, Berkeley, June) 

The Princeton-Pennsylvania 
Accelerator 

An announcement on 15 Apri l by the U.S. Atomic Energy 
Commission and the Universities of Pennsylvania and 
Princeton gave the news that the Princeton-Pennsylvania 
Accelerator had produced its first beam at full energy. This 
machine, a S3nchrotron which accelerates protons to an 
energy of 3 GeV, is unique in having a much higher pulse 
repetition rate than similar accelerators at that energy. 
Instead of one burst of protons every few seconds, it will 
supply 19 per second, thus increasing the rate of output 
of secondary particles by a large amount. It is intended 
that the accelerator should be used primarily for the 
production of pions and kaons, for experiments designed 
to search more deeply into the properties of these 'particles' 
which seem to play a key role as the 4 glue ' holding the 
atomic nucleus together. 

A later announcement said that work was beginning 
on an extension to the experimental area around the 
accelerator, in order to accomodate an external beam. At 
the moment, the protons are not extracted from the acce­
lerator and the secondary particles are produced from 
internal targets. The initial project , which is located at 
Princeton University's Forrestal Research Centre, cost 12 
million dollars (nearly 52 mill ion Swiss francs) ; the exten­
sions will cost a little over 8 million dollars more. 

80-inch bubble-chamber in 
operation at Brookhaven 

At 12.30 p.m. on Sunday 2 June, the first photograph was 
obtained of a nuclear interaction in the newly completed 
80-inch liquid-hydrogen bubble chamber at Brookhaven 
National Laboratory, U.S.A. Essentially the same size as the 
one under construction at CERN (a length of 202 cm against 
the CERN chamber's 200 c m ) , this is now the world's largest 
bubble chamber in operation. It is housed in a building 
adjacent to the 33-GeV AGS (alternating-gradient synchro­
t ron) , and beams of secondary particles from targets inside 
the synchrotron are guided to it by a system of magnets, 
in much the same way as they will be guided to the CERN 
chamber, (and before then to the British national chamber) 
in the East area of the proton synchrotron. 

The Brookhaven chamber, together with the building to 
house it, a power station to provide electricity for its magnet, 
the hydrogen storage area, refrigerator and safety sphere, 
and other associated equipment, cost about 6 million dollars 
(26 million Swiss francs) and took about four years to 
design and construct. 

(Bulletin Board, Brookhaven, 11 June) 

International centre for 
theoretical physics 

At a meeting of the Board of Governors of the Inter­
national Atomic Energy Agency held on 14 June a decision 
was tajten to establish an international centre for theoretical 
physics in the first half of 1964. The centre will be located 
at Trieste, in Italy. 

It was agreed that the centre should be established on 
a provisional basis and its work should be evaluated so 
that the Board, after two years, could decide upon the 
future direction of its activities. A further evaluation 
should be made to enable the Board to determine if it 
would be desirable to move the centre to a 4 developing ' 
country after four years. 

The question af an international centre for theoretical 
physics under I.A.E.A.'s auspices has been discussed by the 
General Conference and the Board since September 1960 
and a series of studies have been made with the assistance 
of eminent theoretical physicists from many countries ; these 
studies have concerned both the principle of the value of 
such a centre, its scope and direction, and the best location, 
in view of the many generous offers received for concrete 
assistance. Such offers have been made by Italy, Pakistan, 
Denmark, Austria and Turkey. The main support has come 
from the developing countries. 

The Italian Government has offered to construct a new 
building for the centre and housing facilities for the staff 
and the fellows ; it has further offered a cash contribution 
of 250 000 dollars per year for five years, staff services 
and fellowships. I.A.E.A. will contribute fellowships and 
professorships to an annual value not exceeding 55 000 
dollars for four years and additional annual contributions 
not to exceed a total of 110 000 dollars in the same per iod© 

(I.A.E.A.) 
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CERN FELLOWS AND VISITORS 
— Profile of a programme 

by R. W. P E N N E Y , General Administration Division 

As mentioned in last month's report on the 24th Session of CERN Council, recent 
discussion of ways in which the smaller Member states of the Organization might obtain 
more benefit from their membership has included suggestions for increasing the opportu­
nities available for fellows and other ' visitors ' who stay at Meyrin for relatively short 
periods. 

This article describes the Fellowship and Visitor Programme as it is at present, 
detailing the various headings under which the visitors come and indicating the methods 
by which they are chosen. The way in which their work is integrated into the general 
scientific activity of CERN is discussed briefly. 

A s a n e x a m p l e o f t h e i n t e r n a t i o n a l c h a r a c t e r 

o f h i g h - e n e r g y p h y s i c s , l a s t D e c e m b e r ' s i s s u e o f 

CERN COURIER m e n t i o n e d o n e o f t h e p a p e r s p r e s e n t e d 

t o t h e 1962 I n t e r n a t i o n a l c o n f e r e n c e . T h e c o n t r i b u t o r s 

t o t h i s p a p e r i n c l u d e d 9 C E R N s c i e n t i s t s — 5 s t a f f 

m e m b e r s a n d 4 F e l l o w s o r V i s i t o r s — c o m i n g f r o m 8 

c o u n t r i e s i n a l l . T h i s e x a m p l e a l s o i l l u s t r a t e s t h e 

s i g n i f i c a n t c o n t r i b u t i o n t o t h e C E R N r e s e a r c h e f f o r t 

m a d e b y m e m b e r s o f o u r F e l l o w s h i p a n d V i s i t o r P r o ­

g r a m m e ; i n f a c t , o u t o f s o m e 260 p h y s i c i s t s a t p r e s e n t 

w o r k i n g d i r e c t l y o n r e s e a r c h i n C E R N , a b o u t 190 a r e 

F e l l o w s o r V i s i t o r s . A p p l i e d p h y s i c i s t s , e n g i n e e r s a n d 

t e c h n i c i a n s a d d a b o u t a n o t h e r 80 t o t h i s l a s t t o t a l . 

B e f o r e l o o k i n g a t t h e p r o g r a m m e as a w h o l e , i t m a y 

b e o f i n t e r e s t t o k n o w w h a t d i f f e r e n t k i n d s o f ' V i s i t o r s ', 

u s i n g t h e t e r m i n i ts g e n e r a l i t y , t h e r e a r e a t C E R N . 

I n n o k i n d o f s t a t u s o r d e r w e h a v e : 

1. F e l l o w s : t h e s e a r e t y p i c a l l y y o u n g g r a d u a t e s f r o m 

t h e M e m b e r s t a t e s o f C E R N w h o h a v e p r o b a b l y o b t a i n ­

e d a d o c t o r a l o r e q u i v a l e n t d e g r e e . T h e y c o m e t o C E R N 

f o r o n e , t w o o r o c c a s i o n a l l y t h r e e y e a r s t o g a i n e x p e ­

r i e n c e , u s u a l l y , b y w o r k i n g e i t h e r w i t h o n e o f t h e 

e x p e r i m e n t a l r e s e a r c h g r o u p s , o r w i t h t h e T h e o r y 

D i v i s i o n , o r o n p r o b l e m s c o n n e c t e d w i t h m a c h i n e a n d 

a p p a r a t u s d e v e l o p m e n t . T h e y a r e p a i d b y C E R N a n d 

c a n d i d a t e s a r e s u g g e s t e d b y t h e M e m b e r s t a t e s ' d e l e g a ­

t i o n s , w h o i n m o s t c a s e s d e l e g a t e t h i s t a s k t o a n a t i o n a l 

s c i e n t i f i c p a n e l . 

4. Vis i t ing Scientists : 

a) F r o m M e m b e r states : t h e s e i n c l u d e i n d i v i d u a l 

v i s i t o r s , n o t f a l l i n g i n t o t h e F e l l o w s h i p c a t e ­

g o r y , b u t d o i n g s o m e s p e c i f i e d w o r k i n t h e O r g a n ­

i z a t i o n , u s u a l l y c o n n e c t e d w i t h t h e p r o g r a m m e s 

o f t h e i r h o m e l a b o r a t o r i e s . T h e r e a r e 122 

s u c h v i s i t o r s i n C E R N a t p r e s e n t . T h e y m a y b e 

w h o l l y o r p a r t l y p a i d b y C E R N o r f u l l y s u p p o r t e d 

b y t h e i r h o m e i n s t i t u t i o n s . H o w e v e r , m o s t o f t h e 

v i s i t o r s f r o m M e m b e r s t a t e s b e l o n g t o t h e v a r i o u s 

v i s i t i n g t e a m s o r g r o u p s w o r k i n g o n s p e c i f i c p r o ­

j e c t s o f t h e i r o w n o r , m o r e o f t e n , c o m b i n i n g w i t h 

C E R N s t a f f o n j o i n t p r o j e c t s . A t p r e s e n t w e h a v e 

7 t e a m s f r o m B r i t a i n , F r a n c e a n d I t a l y , w h i l e 

o t h e r s f r o m t h e F e d e r a l R e p u b l i c o f G e r m a n y , 

t h e N e t h e r l a n d s , N o r w a y a n d S w i t z e r l a n d h a v e 

w o r k e d a t C E R N i n t h e p a s t . 

b) F r o m N o n - m e m b e r states : A g r a n t f r o m t h e F o r d 

F o u n d a t i o n e n a b l e s C E R N t o i n v i t e s o m e 20 

v i s i t o r s e a c h y e a r . U n f o r t u n a t e l y , t h e s e f u n d s 

w i l l n o t b e a v a i l a b l e f o r m o r e t h a n a n o t h e r y e a r 

o r t w o a n d t h e n u m b e r o f f u t u r e v i s i t o r s f r o m 

t h i s s o u r c e w i l l h a v e t o b e r e s t r i c t e d . T h e r e is 

a l s o a g r o w i n g n u m b e r o f v i s i t o r s n o w c o m i n g t o 

C E R N w i t h i n d e p e n d e n t s u p p o r t , e i t h e r o n s a b b a ­

t i c a l l e a v e , t h r o u g h t h e U . S . N a t i o n a l S c i e n c e 

2. Research Assoc iates : t h e s e c a n b e r e g a r d e d as 

s e n i o r F e l l o w s , h a v i n g s o m e y e a r s o f e x p e r i e n c e a n d 

p o s i t i v e r e s u l t s t o t h e i r c r e d i t . F o r t h e m t h e e m p h a s i s 

i s o n c o l l a b o r a t i o n i n t h e w o r k o f C E R N r a t h e r t h a n o n 

l e a r n i n g a n d f o r m a l t r a i n i n g . T h e y a r e n o m i n a t e d a n d 

s u p p o r t e d i n t h e s a m e w a y as F e l l o w s . 

T h e F e l l o w s a n d R e s e a r c h A s s o c i a t e s t o g e t h e r r e p r e ­

s e n t t h e ' C E R N F e l l o w s h i p P r o g r a m m e ' , w h i c h a t 

p r e s e n t i n c l u d e s s o m e 65 p h y s i c i s t s . 

3. G u e s t Professors : t h e s e a r e o u t s t a n d i n g s c i e n t i s t s 

o f i n t e r n a t i o n a l s t a t u s w h o c o m e t o C E R N f o r v a r y i n g 

p e r i o d s a n d w h o c a n p r o v i d e a r e a l s t i m u l u s t o t h e 

C E R N r e s e a r c h p r o g r a m m e . O n e h a s o n l y t o m e n t i o n 

n a m e s s u c h as L e e , Y a n g , S a l a m , a n d P a n o f s k y , t o 

a p p r e c i a t e t h e p a r t p l a y e d b y t h i s g r o u p . 

Some of the members 
of Prof. Lagarrigue's 
Group, from the École 
Polytechnique in Paris, 
photographed during 
dismantling of their 1-m 
heavy - liquid bubble 
chamber in the East 
experimental hall at 
CERN, in preparation 
for the modifications 
now being carried out. 
Physicist Xavier Saute-
ron takes a look while 
technicians Roland Va­
se hy (nearest camera) 
and Henry Querel work 
on part of the expansion 
system of the bubble 
chamber, situated inside 
the heavy steel electro­
magnet. 
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a n d G u g g e n h e i m F o u n d a t i o n s o r t h e I n t e r n a t i o n a l 

A t o m i c E n e r g y A g e n c y F e l l o w s h i p p r o g r a m m e s , 

o n v a r i o u s e x c h a n g e p r o g r a m m e s w i t h , a t p r e s e n t , 

B r o o k h a v e n ( U . S . A . ) , D u b n a ( U . S . S . R . ) a n d t h e 

W e i z m a n n I n s t i t u t e ( I s r a e l ) , o r s i m p l y p a i d f o r 

b y t h e i r i n s t i t u t e s . 

I t i s t h e p r e s e n c e o f t h e s e v i s i t o r s w h i c h r e a l l y 

u n d e r l i n e s t h e i n t e r n a t i o n a l i t y o f C E R N a n d 

w h i c h is s o e f f e c t i v e l y f o r g i n g w o r l d - w i d e l i n k s 

w i t h o t h e r c e n t r e s o f h i g h - e n e r g y p h y s i c s . T h e 

v i s i t s t o C E R N o f y o u n g s c i e n t i s t s f r o m s o m e 

c o u n t r i e s — P o l a n d a n d J a p a n a r e g o o d e x a m p l e s 

— h a v e a l r e a d y p r o d u c e d r e m a r k a b l e r e s u l t s i n 

t h e d e v e l o p m e n t o f i n t e r e s t i n h i g h - e n e r g y p h y s i c s 

i n t h e i r c o u n t r i e s . T h e p r e s e n c e o f v i s i t o r s f r o m S 
00 

A r g e n t i n a , A u s t r a l i a , B r a z i l , C a n a d a , C z e c h o - « 

S l o v a k i a , I n d i a , I s r a e l , J a p a n , L e b a n o n , P a k i s t a n , I 
P o l a n d , R u m a n i a , S y r i a , T u r k e y , U . S . A . , U . S . S . R . % 

a n d Y u g o s l a v i a — t h e l i s t i s n o t e x h a u s t i v e — LU 

s h o w s t h a t a t l e a s t i n o n e a c t i v i t y t h e c o u n t r i e s o f 

t h e w o r l d c a n w o r k t o g e t h e r i n h a r m o n y a n d t o 

g o o d p u r p o s e . 

5. Vacation Students : e a c h y e a r n o w , s o m e 70 E u r o ­

p e a n u n i v e r s i t y s t u d e n t s s p e n d f r o m 2 t o 4 m o n t h s i n 

C E R N , u s u a l l y d u r i n g t h e s u m m e r v a c a t i o n . T h e a i m 

o f t h i s s c h e m e i s e s s e n t i a l l y e d u c a t i o n a l , a l t h o u g h t h e s e 

v i s i t o r s a l s o p r o v i d e a u s e f u l h e l p i n g h a n d d u r i n g t h e 

h o l i d a y m o n t h s . T h e p r e s e n t s c h e m e i s o n l y i n i t s 

s e c o n d y e a r b u t i t i s a l r e a d y c l e a r t h a t i t h a s c a u s e d 

a g r e a t d e a l o f i n t e r e s t a m o n g E u r o p e a n u n i v e r s i t i e s , 

a n d o n e h o p e s t h a t s e v e r a l o f o u r g u e s t s w i l l b e s e e n 

a g a i n i n C E R N a f t e r t h e y h a v e g r a d u a t e d . 

T h e f o l l o w i n g t a b l e s h o w s m o r e c l e a r l y w h e r e t h e 

v i s i t o r s a t p r e s e n t i n C E R N c o m e f r o m : 

CERN FELLOWS AND VISITORS (as at 1.8.63) 

Member states 
Fellows Res. Ass. V i s i t o r s 

Individual Team 
Austria 6 1 - -
Belgium 1 1 1 — 
Denmark 2 2 2 -
France 5 5 24 31 
Germany 3 1 10 -
Greece 1 1 1 -
Italy 1 5 13 9 
Netherlands 3 2 _ _ 
Norway 3 3 - -
Spain 4 1 3 -
Sweden - 2 1 -
Switzerland 2 2 14 
United Kingdom 7 1 22 26 

Non-member states 
Ford Others Ford Others 

Brazil — 1 Japan 1 — 
Canada - 1 Pakistan 2 -
China 1 - Poland 5 
Czechoslovakia — 1 Rumania — 2 
Hungary - 2 U.S.A. 11 20 
India 1 1 U.S.S.R. - 2 
Israel - 2 

T h e d e m a n d t o c o m e t o C E R N a s a s c i e n t i f i c v i s i t o r 

g r o w s c o n t i n u a l l y , a n d i t h a s b e c o m e n e c e s s a r y t o 

a p p l y a r a t h e r s t r i c t s y s t e m o f s e l e c t i o n . W e a r e g l a d 

t o a c c e p t e i t h e r i n d i v i d u a l a p p l i c a t i o n s o r n o m i n a t i o n s 

f r o m c o u n t r i e s o r i n s t i t u t e s , b u t t h e D i r e c t o r - g e n e r a l 

a l o n e c a n t a k e t h e f i n a l d e c i s i o n t o i n v i t e a F e l l o w o r 

V i s i t o r . M a n y f a c t o r s h a v e t o b e t a k e n i n t o a c c o u n t ; n o ­

t a b l y w h e t h e r a c c o m m o d a t i o n a n d f a c i l i t i e s a r e a v a i l a b l e 

a n d w h e t h e r t h e v i s i t w o u l d b e o f b e n e f i t t o C E R N , t o t h e 

Not all the Visitors at CERN are scientists. Seen in this picture 
is Noria Christophoridou, Librarian of the Greek Atomic Energy 
Commission, who has been sent by her Government to CERN for a 
year, to widen her experience of library and documentation services. 
When the photograph was taken she was providing information to 
Kurt Gottfried, a CERN Visiting Scientist from Harvard University, 
U.S.A., who is spending a year with CERN's Theory Division. 

v i s i t o r h i m s e l f a n d t o h i s i n s t i t u t e . T h e s e s o m e t i m e s 

d i f f i c u l t c o n s i d e r a t i o n s a r e h a n d l e d b y t w o C E R N 

a d v i s o r y c o m m i t t e e s , t h e F e l l o w s h i p C o m m i t t e e w h i c h 

m e e t s t w i c e a y e a r , a n d t h e V i s i t i n g S c i e n t i s t C o m m i t t e e 

w h i c h m e e t s t h r e e o r f o u r t i m e s a y e a r . B o t h c o m m i t ­

t e e s i n c l u d e a l l t h e i n t e r e s t e d C E R N D i v i s i o n L e a d e r s 

a n d m e m b e r s o f t h e D i r e c t o r a t e a n d a t p r e s e n t b o t h 

a r e u n d e r t h e c h a i r m a n s h i p o f P r o f . L . V a n H o v e . 

T h e N u c l e a r P h y s i c s R e s e a r c h C o m m i t t e e c o n s i d e r s 

r e q u e s t s f o r n a t i o n a l t e a m s t o w o r k a t C E R N a c c o r d i n g 

t o t h e p o s s i b i l i t i e s o f t h e O r g a n i z a t i o n ' s s c i e n t i f i c 

p r o g r a m m e . 

T h e s e v a r i o u s F e l l o w s a n d V i s i t o r s p l a y a v i t a l r o l e 

i n t h e s c i e n t i f i c a c t i v i t y o f C E R N . D e t a i l s o f t h e i r 

c o l l a b o r a t i o n i n C E R N c o u l d f i l l s e v e r a l e d i t i o n s o f 

CERN COURIER, b u t t h e p r o g r a m m e h a s a l s o a m o r e 

g e n e r a l p u r p o s e t h a t c a n n o t b e t o o s t r o n g l y e m p h a s i z e d . 

T h i s c a n b e s u m m a r i z e d i n t h e w o r d s o f t h e C E R N 

C o n v e n t i o n a s * t h e p r o m o t i o n o f c o n t a c t s b e t w e e n , a n d 

t h e i n t e r c h a n g e o f s c i e n t i s t s , t h e d i s s e m i n a t i o n o f 

i n f o r m a t i o n a n d t h e p r o v i s i o n o f a d v a n c e d t r a i n i n g 

f o r r e s e a r c h w o r k e r s ' a n d ' c o l l a b o r a t i o n w i t h . . . n a t i o n a l 

r e s e a r c h i n s t i t u t i o n s ' . 

W i t h t h e s e a i m s i n m i n d , t h e n e e d f o r m o b i l i t y a m o n g 

s c i e n t i s t s b e c o m e s c l e a r . T h e p r o b l e m o f k e e p i n g t h e 

r i g h t b a l a n c e b e t w e e n s h o r t - t e r m a n d l o n g - t e r m 

w o r k e r s s t e m s d i r e c t l y f r o m t h i s n e e d a n d , i n a v e r y 

l a r g e m e a s u r e , t h e s o l u t i o n i s a u t o m a t i c a l l y p r o v i d e d 

b y t h e F e l l o w s h i p a n d V i s i t o r P r o g r a m m e s w i t h t h e i r 

a n n u a l t u r n o v e r o f s o m e 200 p h y s i c i s t s a n d e n g i n e e r s . 

T h e i n t e g r a t i o n o f t h e s h o r t - t e r m V i s i t o r s w i t h t h e 

l o n g e r - t e r m C E R N s ta f f , w h o c h a n g e a t t h e r a t e o f 

a b o u t 10 a y e a r , p r o v i d e s t h e r i g h t k i n d o f b a l a n c e 

i n s i d e t h e L a b o r a t o r y , a n d , m o r e o v e r , i t i s a b a l a n c e 

t h a t c a n b e f a i r l y e a s i l y a d j u s t e d f r o m t i m e t o t i m e . 

I t a l s o m e a n s t h a t t h e V i s i t o r c a n t a k e a f u l l i n t e r e s t 

i n t h e w o r k o f C E R N , c a n c o n t r i b u t e t o i t f r o m h i s 

r e c e n t e x p e r i e n c e o u t s i d e C E R N , a n d a t t h e e n d o f h i s 

s t a y c a n t a k e b a c k t o h i s h o m e i n s t i t u t e a n u p - t o - d a t e 

v i e w o f w h a t i s h a p p e n i n g i n C E R N * 
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1963 International Conference on 

Sector-focused Cyclotrons 
and Meson Factories 

CERN, 23-26 April, 1963 

a review by P.M. L A P O S T O L L E , Leader, Synchro-Cyclotron Machine Division 

and E . G . M I C H A E L I S , Synchro-Cyclotron Machine Division 

To those accustomed to thinking of a 28-GeV proton 

synchrotron as a normal particle accelerator and who 

consider only machines of 300 GeV and above as exci­

ting, it may seem a little surprising to find a renewed 

and lively interest in the field of machines of lower 

energy. Yet progress in the field of cyclotrons has been 

no less spectacular than in the design of giant machi­

nes : while the energy of synchrotrons has increased 

tenfold in the last ten years, present-day cyclotrons 

have internal beam currents which are a hundred times 

larger than those available around ten years ago. 

Progress in this field was reviewed at a conference 

held at CERN in April of this year, and the following 

paragraphs give a short summary of the proceedings. 

S E C T O R - F O C U S E D C Y C L O T R O N S 

S i n c e t h e i n v e n t i o n o f t h e p r i n c i p l e o f c y c l i c a c c e l e r ­

a t i o n b y L a w r e n c e i n 1 9 3 1 , c y c l i c a c c e l e r a t o r s h a v e 

u n d e r g o n e a r e m a r k a b l e d e v e l o p m e n t , w h i c h h a s l e d 

f r o m t h e f i r s t 5 0 - k e V m o d e l t o t h e p r e s e n t - d a y g i a n t 

s y n c h r o t r o n s a n d t h e e v e n l a r g e r m a c h i n e s n o w b e i n g 

p l a n n e d . 

A t t h e b a s e o f L a w r e n c e ' s d i s c o v e r y l a y t h e r e a l i z a t i o n 

t h a t t h e o r b i t a l f r e q u e n c y o f a n i o n c i r c u l a t i n g i n a 

u n i f o r m m a g n e t i c f i e l d i s i n d e p e n d e n t o f t h e e n e r g y 

o f t h e i o n , s o l o n g a s t h i s i s s m a l l c o m p a r e d t o i t s r e s t -

m a s s e n e r g y ( t h a t i s , t h e e n e r g y c o r r e s p o n d i n g t o i t s 

m a s s a t r e s t ) . A n a c c e l e r a t i n g v o l t a g e o f a s u i t a b l e 

r e s o n a n t f r e q u e n c y , a p p l i e d t o t h e d e e - e l e c t r o d e s o f a 

s i m p l e c y c l o t r o n , t h e r e f o r e a c c e l e r a t e s i o n s a t a l l r a d i i 

u n t i l t h i s ' r e s o n a n c e c o n d i t i o n ' b r e a k s d o w n o n a c c o u n t 

o f t h e r e l a t i v i s t i c i n c r e a s e o f t h e m a s s o f t h e a c c e l e r a t e d 

p a r t i c l e s . 

T h i s m a s s i n c r e a s e l i m i t e d t h e e n e r g y o f c o n v e n t i o n a l 

p r o t o n c y c l o t r o n s t o a b o u t 2 0 M e V . T h e l i m i t a t i o n w a s 

o v e r c o m e b y t h e i n v e n t i o n o f t h e f r e q u e n c y - m o d u l a t e d 

' s y n c h r o - c y c l o t r o n w h e r e t h e f r e q u e n c y o f t h e a c c e ­

l e r a t i n g v o l t a g e i s v a r i e d i n t i m e , b u t s i n c e t h e 

r e s o n a n c e c o n d i t i o n c a n n o w o n l y b e m e t , a t a n y 

i n s t a n t , f o r i o n s o f a g i v e n e n e r g y , t h e s e m a c h i n e s g i v e 

a n i n t e r m i t t e n t o u t p u t . A l i m i t e d b u n c h o f i o n s i s 

a c c e l e r a t e d b y f o l l o w i n g t h e f r e q u e n c y - m o d u l a t i o n 

c y c l e , b u t i o n s o u t s i d e t h i s b u n c h c a n n o t b e a c c e l e r a t e d 

a t t h e s a m e t i m e . T h e s u c c e s s o f t h e s y n c h r o - c y c l o t r o n 

i n r e a c h i n g h i g h e r e n e r g i e s i s t h u s a c h i e v e d a t a g r e a t 

l o s s o f b e a m c u r r e n t . 

E v e n b e f o r e t h e d e v e l o p m e n t o f t h e s y n c h r o - c y c l o ­

t r o n , L . H . T h o m a s s h o w e d a w a y i n w h i c h t h e l i m i t s e t 

b y t h e r e l a t i v i s t i c m a s s i n c r e a s e c o u l d b e p a s s e d 

w i t h o u t f r e q u e n c y m o d u l a t i o n . O n e c a n m a t c h t h e 

i n c r e a s i n g m a s s o f t h e i o n s a t g r e a t e r e n e r g i e s b y a 

m a g n e t i c f i e l d i n c r e a s i n g w i t h r a d i u s , b u t s u c h a f i e l d 

d e f o c u s e s t h e i o n s a n d t h e y a r e q u i c k l y l o s t . T h o m a s 

p r o p o s e d t o o v e r c o m e t h i s d e f o c u s i n g e f f e c t b y t h e 

i n t r o d u c t i o n o f s e c t o r s o f h i g h a n d l o w f i e l d , a n d 

i n d i c a t e d t h a t i t w a s p o s s i b l e b y t h i s m e a n s t o p a s s t o 

h i g h e r e n e r g i e s w h i l e m a i n t a i n i n g a c o n s t a n t f r e q u e n c y . 

H o w e v e r , l i t t l e n o t e w a s t a k e n o f t h i s i d e a o f s e c t o r -

f o c u s e d c y c l o t r o n s , a n d i t w a s e c l i p s e d b y t h e s u c c e s s 

o f t h e s y n c h r o - c y c l o t r o n u n t i l t h e d e m a n d f o r h i g h e r 

b e a m c u r r e n t s a n d t h e m o r e d e t a i l e d s t u d y o f f o c u s i n g 

c o n d i t i o n s u n d e r t a k e n f o r t h e a l t e r n a t i n g - g r a d i e n t 

m a c h i n e s l e d t o a r e n e w e d i n t e r e s t i n s e c t o r f o c u s i n g 

i n t h e e a r l y 1 9 5 0 s . 

W o r k o n s e c t o r - f o c u s e d m a c h i n e s b e g a n t o b e r e p o r t e d 

i n 1 9 5 6 , f o r e x a m p l e a t t h e C E R N S y m p o s i u m o n h i g h -

e n e r g y a c c e l e r a t o r s o f t h a t y e a r . S i n c e t h e n , p r o g r e s s 

h a s b e e n e x t r e m e l y r a p i d . A b o u t a d o z e n m a c h i n e s o f 

t h i s t y p e a r e n o w i n o p e r a t i o n a n d m a n y o t h e r s a r e 

b e i n g p l a n n e d . I n i t i a l l y t h e e n e r g y r e g i o n c h o s e n w a s 

t h e g a p b e t w e e n c o n v e n t i o n a l c y c l o t r o n s a n d a b o u t 1 0 0 

M e V ; n o w a l s o m e s o n - p r o d u c i n g m a c h i n e s o f e n e r g i e s 

u p t o 8 0 0 M e V a r e b e i n g s t u d i e d . T h e r a d i a l s e c t o r s 

p r o p o s e d b y T h o m a s h a v e t a k e n m o r e p i c t u r e s q u e 

f o r m s , t h e s o - c a l l e d ' s p i r a l r i d g e ' b e i n g f o u n d m o r e 

e f f i c i e n t i n m a n y a p p l i c a t i o n s . 

T H E C E R N C O N F E R E N C E 

S i n c e 1 9 5 6 t h e r e h a v e b e e n t h r e e i n t e r n a t i o n a l 

c o n f e r e n c e s d e v o t e d e s s e n t i a l l y t o s e c t o r - f o c u s e d c y c l o ­

t r o n s . T h e l a t e s t o f t h e s e , a t C E R N d u r i n g 2 3 - 2 6 A p r i l , 

o c c u r r e d a t a p r o p i t i o u s m o m e n t . A t t h e p r e c e d i n g 

m e e t i n g , h e l d i n L o s A n g e l e s i n 1 9 6 2 , m u c h o f t h e 

m a t e r i a l p r e s e n t e d s t i l l c o n c e r n e d t h e t h e o r y o r d e s i g n 

o f t h e s e m a c h i n e s . T h i s y e a r t h e r e w a s f a r m o r e 

e m p h a s i s o n e x p e r i e n c e a n d p e r f o r m a n c e , s i x m a c h i n e s 

h a v i n g b e e n c o m m i s s i o n e d d u r i n g t h e p a s t t w e l v e 

m o n t h s a n d t h o s e c o m p l e t e d e a r l i e r b e i n g n o w i n f u l l 

o p e r a t i o n . O n e d a y o f t h e c o n f e r e n c e w a s t h e r e f o r e 

d e v o t e d t o t h e e x p e r i e n c e g a i n e d w i t h t h e n e w m a c h i ­

n e s , a n o t h e r t o t h e i r u s e i n p h y s i c s r e s e a r c h a n d t h e 

p h y s i c s p r o b l e m s i n v o l v e d i n t h e i r d e s i g n a n d o p e r ­

a t i o n . A t h i r d d a y w a s r e s e r v e d f o r n e w d e v e l o p m e n t s 

i n t h e o r y a n d d e s i g n , w h i l e t h e s o - c a l l e d ' m e s o n 
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The relativistic isochronous cyclotron at the 
Nuclear Research Centre at Karlsruhe (Ger­
many), it uses six equally spaced accelera­
ting gaps, which form part of a system of 
three quarter-wave resonators. Two of these 
resonators can be seen projecting from the 
central vacuum box placed between the poles 
of the magnet. The magnet itself weighs 280 

tons, the pole faces are 225 cm in diameter 
and are divided into six equal radial sectors : 
three ' hills ' and three ' valleys A current 
of more than 200 nA of deuterons at the design 
energy of 55 SVIeV has already been obtained. 

f a c t o r i e s ' f o r m e d t h e s u b j e c t o f t h e l a s t d a y o f t h e 

c o n f e r e n c e . 

Operat ing experience 

T h e m o s t s t r i k i n g i m p r e s s i o n o f t h e r e p o r t s o n 

e x p e r i e n c e i n o p e r a t i o n w a s t h a t o f t h e e a s e w i t h 

w h i c h t h e s e m a c h i n e s h a d b e e n b r o u g h t i n t o s e r v i c e 

a n d w i t h w h i c h t h e y r e a c h e d t h e i r d e s i g n s p e c i f i c a t i o n s . 

T h i s w a s e m p h a s i z e d b y P r o f . R . S . L i v i n g s t o n ( O a k 

R i d g e ) , w h o g a v e t h e i n t r o d u c t o r y s u r v e y p a p e r , a n d 

b y s u c c e e d i n g s p e a k e r s f r o m B e r k e l e y , L o s A n g e l e s , 

K a r l s r u h e , A n n A r b o r , E i n d h o v e n a n d o t h e r c e n t r e s . 

T h i s d o e s n o t m e a n t h a t s u c h m a c h i n e s a r e e a s y t o 

d e s i g n o r t o m a k e , b u t p r o v e s t h a t t h e g r e a t e f f o r t 

m a d e i n t h e i r d e s i g n a n d c o n s t r u c t i o n h a s p a i d h a n d ­

s o m e l y . T h i s e f f o r t i n v o l v e d n o t o n l y m a n y t h e o r e t i c a l 

s t u d i e s , s u p p o r t e d b y e x t e n s i v e c o m p u t a t i o n s , b u t a l s o 

n o v e l m e t h o d s o f f i e l d m e a s u r e m e n t a n d t h e i r d i r e c t 

u s e b y e l e c t r o n i c c o m p u t e r s , a s w e l l a s t h e d e s i g n o f 

s o p h i s t i c a t e d a c c e l e r a t i n g s y s t e m s a n d n e w d e v i c e s f o r 

b e a m e x t r a c t i o n . 

I n t e r n a l b e a m s o f 50 u A a r e c o m m o n l y a c h i e v e d , 

c o m p a r e d w i t h 1-2 i i A i n s y n c h r o - c y c l o t r o n s , a n d v a l u e s 

a s h i g h a s 5 0 0 u A h a v e b e e n o b t a i n e d . 

S i n c e o n l y a s i n g l e a c c e l e r a t i n g f r e q u e n c y i s r e q u i r e d 

f o r a g i v e n c o n d i t i o n o f t h e m a c h i n e , i t i s c o m p a r a t i v e l y 

e a s y t o v a r y t h i s f r e q u e n c y a n d t h e m a g n e t i c f i e l d i n 

s u c h a w a y a s t o c h a n g e t h e m a x i m u m e n e r g y , o r t o 

u s e a m a c h i n e f o r t h e a c c e l e r a t i o n o f p a r t i c l e s o t h e r 

t h a n t h e c o n v e n t i o n a l p r o t o n s . M a n y s e c t o r - f o c u s e d 

m a c h i n e s a r e d e s i g n e d t o b e a b l e t o a c c e l e r a t e a l s o 

d e u t e r o n s , a l p h a p a r t i c l e s o r e v e n h e a v i e r i o n s . T h i s 

g i v e s t h e m a h i t h e r t o u n a t t a i n a b l e d e g r e e o f f l e x i b i l i t y . 

M o r e o v e r , t h e c h a n g e - o v e r f r o m o n e w o r k i n g c o n d i t i o n 

t o a n o t h e r c a n u s u a l l y b e p e r f o r m e d r e l i a b l y a n d 

r e p r o d u c i b l y b y s e t t i n g p a r a m e t e r s t o n o m i n a l v a l u e s ; 

n o l e n g t h y t u n i n g p r o c e d u r e s s e e m t o b e r e q u i r e d . 

T h e e x t r a c t i o n o f t h e i n t e r n a l c i r c u l a t i n g b e a m h a s 

b e e n o n e o f t h e g r e a t p r o b l e m s o f s y n c h r o - c y c l o t r o n s . 

T o b r i n g f i v e p e r c e n t , o f t h e i n t e r n a l b e a m o u t o f t h e 

m a c h i n e w a s a n a c h i e v e m e n t , a n d t o e x t r a c t f i f t e e n p e r 

c e n t , h a s b e e n c o n s i d e r e d a s s e n s a t i o n a l . I n s e c t o r -

f o c u s e d m a c h i n e s i t i s f o u n d t h a t t h e f i e l d - v a r i a t i o n s 

a r o u n d t h e c i r c u m f e r e n c e a c t u a l l y a i d t h e e x t r a c t i o n , 

w h i c h i s f u r t h e r h e l p e d b y t h e s m a l l d i m e n s i o n s o f t h e 

b e a m d u e t o t h e e x c e l l e n t f o c u s i n g c o n d i t i o n s , b y t h e 

h i g h e n e r g y g a i n p e r t u r n a n d t h e r e s u l t i n g l a r g e 

s e p a r a t i o n b e t w e e n t u r n s , a n d b y i n s t a b i l i t i e s w h i c h 

o c c u r i n s o m e d e s i g n s . B y e x p l o i t i n g s o m e o r a l l o f 

t h e s e f a c t o r s , e x t r a c t i o n e f f i c i e n c i e s o f 30 - 40 °/o h a v e 

b e e n a c h i e v e d . T h e e l e c t r o n m o d e l o f a h i g h - e n e r g y 

m a c h i n e a t O a k R i d g e h a s i n f a c t y i e l d e d a n e x t r a c t i o n 

e f f i c i e n c y o f 85 °/o. 

P r o g r e s s i n b e a m e x t r a c t i o n h a s e a s e d t h e p r o b l e m 

o f m a c h i n e a c t i v a t i o n , w h i c h h a s b e c o m e a m a j o r 

h e a d a c h e i n c y c l o t r o n d e s i g n a n d u t i l i z a t i o n . T h i s 

a c t i v a t i o n i s c a u s e d b y t h e f a c t t h a t m a n y o f t h e 

a c c e l e r a t e d p a r t i c l e s s t r i k e i n t e r n a l p a r t s o f t h e 

m a c h i n e a n d i n t e r a c t w i t h t h e n u c l e i o f t h e c o n s t r u c ­

t i o n a l m a t e r i a l . T h e n u c l i d e s r e s u l t i n g f r o m s u c h 

i n t e r a c t i o n s a r e f r e q u e n t l y r a d i o a c t i v e a n d g i v e r i s e t o 

a l p h a , b e t a a n d g a m m a r a d i a t i o n s l o n g a f t e r t h e 

m a c h i n e i t s e l f h a s b e e n s t o p p e d . W o r k a t C E R N , 

r e p o r t e d t o t h e c o n f e r e n c e , h a s s h o w n h o w t h e s e e f f e c t s 

c a n b e m i n i m i z e d b y a s u i t a b l e c h o i c e o f m a t e r i a l s , 

b u t i t i s e v i d e n t t h a t t h e b e s t s o l u t i o n o f t h e a c t i v a t i o n 

p r o b l e m c o n s i s t s i n b r i n g i n g a l l t h e a c c e l e r a t e d p a r t i c l e s 

o u t o f t h e m a c h i n e . E v e n t w o y e a r s a g o s u c h a r e m e d y 

w o u l d h a v e b e e n U t o p i a n ; n o w t h e h i g h e x t r a c t i o n 

e f f i c i e n c i e s a c h i e v e d i n s e c t o r - f o c u s e d m a c h i n e s m a k e 

i t s e e m a p r a c t i c a b l e p r o p o s i t i o n . 

A n e x c i t i n g p r o s p e c t i n c y c l o t r o n d e s i g n w a s o p e n e d 

a t t h e L o s A n g e l e s c o n f e r e n c e b y a r e p o r t f r o m B o u l d e r , 

C o l o r a d o , s h o w i n g t h a t i t w a s p o s s i b l e t o a c c e l e r a t e 

n e g a t i v e h y d r o g e n i o n s i n a c y c l o t r o n . T h e a c c e l e r a t i o n 

o f n e g a t i v e i o n s h a d p r e v i o u s l y b e e n p e r f o r m e d o n l y i n 

e l e c t r o s t a t i c m a c h i n e s , f o r e x a m p l e i n t h e ' t a n d e m 

V a n d e G r a a f f ' . T h e r e t h e a d v a n t a g e o f n e g a t i v e - i o n 

a c c e l e r a t i o n , f o l l o w e d b y c o n v e r s i o n o f t h e E T i o n i n t o 

a n H + i o n b y t h e r e m o v a l o f i t s t w o e l e c t r o n s , i s t h a t 

t h e s a m e a c c e l e r a t i n g p o t e n t i a l i s u s e d t w i c e , a n d t h e 

p a r t i c l e e n e r g y a t t a i n a b l e m a y b e d o u b l e d . I n a c y c l o ­

t r o n t h e r e i s n o s u c h a d v a n t a g e , b u t n e g a t i v e - i o n 

a c c e l e r a t i o n p r o v i d e s a v e r y n e a t a n d c o m p l e t e s o l u t i o n 

t o t h e e x t r a c t i o n p r o b l e m . C y c l o t r o n s a r e n e c e s s a r i l y 
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c o n s t r u c t e d i n s u c h a w a y a s t o r e t a i n t h e p a r t i c l e s 

t h e y a c c e l e r a t e u n t i l t h e e n d o f t h e a c c e l e r a t i o n 

p r o c e s s . T o c h a n g e t h i s c o n d i t i o n i n t o o n e i n w h i c h 

t h e b u l k o f t h e b e a m i s e j e c t e d i s d i f f i c u l t a n d r e q u i r e s 

o n e o r s e v e r a l o f t h e a r t i f i c e s m e n t i o n e d e a r l i e r . B u t 

i f t h e s i g n o f t h e c h a r g e o f t h e a c c e l e r a t e d p a r t i c l e i s 

r e v e r s e d t h e p r o b l e m s o l v e s i t s e l f , f o r p a r t i c l e s o f 

o p p o s i t e c h a r g e a r e i m m e d i a t e l y d e f l e c t e d o u t o f t h e 

m a c h i n e . N e g a t i v e - i o n a c c e l e r a t i o n w i t h s u b s e q u e n t 

r e v e r s a l o f c h a r g e n o t o n l y p r o v i d e s t h e m e a n s o f 

e x t r a c t i n g t h e a c c e l e r a t e d b e a m a t f u l l e n e r g y ; o n e 

c a n e q u a l l y w e l l t h i n k o f e x t r a c t i n g s e v e r a l b e a m s a t 

d i f f e r e n t e n e r g i e s f r o m t h e s a m e m a c h i n e b y c o n v e r t i n g 

i o n s f r o m n e g a t i v e t o n e u t r a l o r p o s i t i v e a t d i f f e r e n t 

r a d i i . 

T h e C E R N c o n f e r e n c e i l l u s t r a t e d t h e p r o g r e s s w h i c h 

h a s b e e n m a d e i n t h i s n e w f i e l d . B o t h t h e p o s s i b i l i t i e s 

a n d t h e l i m i t a t i o n s o f n e g a t i v e - i o n a c c e l e r a t i o n a r e 

n o w m u c h b e t t e r u n d e r s t o o d . D r . B . T . W r i g h t ( U n i v e r ­

s i t y o f C a l i f o r n i a , L o s A n g e l e s ) , w h o h a d a l r e a d y 

a n a l y s e d t h i s m e t h o d o f o p e r a t i o n i n 1 9 5 7 , g a v e r e s u l t s 

o f r e c e n t e x p e r i m e n t a l w o r k a n d s h o w e d t h a t i t s h o u l d 

b e p o s s i b l e t o a c c e l e r a t e a b e a m o f 1 \iA o f H ~ i o n s t o 

a b o u t 4 5 M e V i n t h e U C L A s e c t o r - f o c u s e d m a c h i n e . A 

t e a m u n d e r P r o f . J . R . R i c h a r d s o n a t L o s A n g e l e s i s 

s t u d y i n g t h e a p p l i c a t i o n o f n e g a t i v e - i o n a c c e l e r a t i o n 

i n a m u c h l a r g e r m a c h i n e o f t h e * m e s o n - f a c t o r y 1 t y p e , 

c a p a b l e o f y i e l d i n g h i g h c u r r e n t s . 

T h e p o s s i b i l i t y o f a c c e l e r a t i n g b e a m s o f p o l a r i z e d 

p a r t i c l e s i n c y c l o t r o n s h a s b e e n i n v e s t i g a t e d i n t h e 

p a s t f e w y e a r s a n d r e s u l t s o f p r o g r e s s i n t h i s f i e l d w e r e 

r e p o r t e d b y D r s . J . T h i r i o n ( S a c l a y ) a n d L . D i c k ( C E R N ) . 

D r . L e e C . T e n g ( A r g o n n e ) g a v e a n a c c o u n t o f a t h e o r e ­

t i c a l s t u d y o f t h e p r o b l e m s o f p o l a r i z e d - i o n a c c e l e r a t i o n 

i n s e c t o r - f o c u s e d c y c l o t r o n s , w h e r e t h e m o r e i n t r i c a t e 

s t r u c t u r e m a y l e a d t o d e p o l a r i z i n g e f f e c t s . H e s h o w e d 

h o w t h e s e e f f e c t s c o u l d b e m i n i m i z e d o r a v o i d e d a n d 

c o n c l u d e d t h a t t h e a c c e l e r a t i o n o f p o l a r i z e d p a r t i c l e s i n 

t h e n e w m a c h i n e s s h o u l d b e f e a s i b l e . 

Physics research 

T h e a v a i l a b i l i t y o f s e c t o r - f o c u s e d m a c h i n e s o f p r o v e d 

r e l i a b i l i t y , c a p a b l e o f p r o v i d i n g a v a r i e t y o f i n t e r e s t i n g 

e x p e r i m e n t a l p o s s i b i l i t i e s , h a s n a t u r a l l y a r o u s e d t h e 

e n t h u s i a s m o f n u c l e a r p h y s i c i s t s . D r . A . Z u c k e r ( O a k 

R i d g e ) o u t l i n e d d i f f e r e n t l i n e s o f r e s e a r c h i n w h i c h 

t h e s e m a c h i n e s m i g h t b e o f e s p e c i a l v a l u e , f o r e x a m p l e 

i n t h e s t u d y o f d i f f e r e n t t y p e s o f n u c l e a r m o d e l o r t h e 

m o r e d e t a i l e d f e a t u r e s o f n u c l e i , a n d p o i n t e d o u t h o w 

t h e r e q u i r e m e n t s o f s u c h r e s e a r c h e s c o u l d b e m e t . H e 

a l s o p r e s e n t e d s o m e e x p e r i m e n t a l r e s u l t s a l r e a d y 

a c h i e v e d w i t h s e c t o r - f o c u s e d m a c h i n e s a t B e r k e l e y a n d 

L o s A n g e l e s , t o i l l u s t r a t e t h e i r p o t e n t i a l i t i e s . 

P r o f . G . B e r n a r d i n i ( R o m e ) m a d e a n e l o q u e n t p l e a f o r 

h i g h - c u r r e n t m a c h i n e s o f t h e m e s o n - p r o d u c i n g t y p e , 

w h i c h c o u l d d o m u c h o f t h e w o r k n o w p e r f o r m e d w i t h 

l a r g e r a c c e l e r a t o r s . H e t h o u g h t t h e m o r e m o d e s t s c a l e 

o f s e c t o r - f o c u s e d m a c h i n e s o f p a r t i c u l a r v a l u e t o t h e 

s c i e n t i s t , a n d i l l u s t r a t e d h i s r e m a r k s b y s p i r i t e d e x c u r ­

s i o n s i n t o t h e r e a l m s o f p h i l o s o p h y a n d s o m e o f t h e 

m o r e p e r s o n a l a s p e c t s o f t h e h i s t o r y o f F l o r e n c e i n t h e 

R e n a i s s a n c e . 

G e n e r a l p r o b l e m s o f t h e e x p e r i m e n t a l l a y o u t s r e q u i r ­

e d f o r t h e n e w m a c h i n e s w e r e c o n s i d e r e d b y P r o f . E . 

K e l l y ( B e r k e l e y ) , w h i l e s c i e n t i s t s f r o m o t h e r l a b o r a t o r i e s 

g a v e a c c o u n t s o f m o r e d e t a i l e d a s p e c t s o f b e a m s a n d 

o t h e r f a c i l i t i e s . P r o f . J . P . B l a s e r ( E . T . H . , Z u r i c h ) 

d i s c u s s e d r e c e n t p r o g r e s s i n t h e s t u d y o f s h i e l d i n g a n d 

a c t i v a t i o n p r o b l e m s c r e a t e d b y t h e i n t e n s e b e a m s w h i c h 

a r e b e c o m i n g a v a i l a b l e . D r . M . B a r b i e r ( C E R N ) i l l u s ­

t r a t e d h o w t h e r e q u i r e m e n t s o f r a d i a t i o n s a f e t y w o u l d 

h a v e t o b e m e t b y t h e d e s i g n o f n e w d e v i c e s s u c h a s 

t a r g e t s h i e l d s a n d s p e c i a l b e a m c a t c h e r s . 

Developments i n theory and design 

T h e a c c o u n t s o f t h e o r e t i c a l w o r k p e r f o r m e d d u r i n g 

t h e p a s t y e a r s h o w e d t h a t a f t e r t h e s o l u t i o n o f t h e 

g e n e r a l p r o b l e m s o f s t a b i l i t y , a t t e n t i o n i s n o w b e i n g 

d i r e c t e d t o t h e c e n t r a l r e g i o n a n d t o b e a m e x t r a c t i o n . 

T h e t w o f i e l d s a r e c l o s e l y d e p e n d e n t o n o n e a n o t h e r , 

f o r t h e h i g h b e a m q u a l i t y r e q u i r e d f o r e f f i c i e n t 

e x t r a c t i o n c a n o n l y b e f u r n i s h e d b y a w e l l - d e s i g n e d 

i n j e c t i o n s y s t e m a t t h e c e n t r e . D e t a i l e d m a t h e m a t i c a l 

s t u d i e s o f t h e c e n t r a l r e g i o n a n d o f e j e c t i o n s y s t e m s 

h a v e r e c e n t l y b e e n p e r f o r m e d , p a r t i c u l a r l y a t M i c h i g a n 

S t a t e U n i v e r s i t y a n d b y a t e a m a t t h e P h i l i p s L a b o r a ­

t o r i e s , E i n d h o v e n . 

P r o g r e s s i n t h e c o n s t r u c t i o n o f n e w m a c h i n e s a n d 

n o v e l d e s i g n f e a t u r e s w e r e r e p o r t e d f r o m M i l a n , O r s a y , 

G r e n o b l e a n d M i c h i g a n . F r o m O a k R i d g e c a m e a 

d e s c r i p t i o n o f a n e w e x t r a c t i o n s y s t e m c o n s i s t i n g o f a 

l e n g t h o f s l o t t e d c o a x i a l c a b l e , a n d f r o m B e r k e l e y a n 

a c c o u n t o f t h e i r e x p e r i e n c e i n m a k i n g a r e l i a b l e h i g h -

v o l t a g e d e f l e c t o r , w h i c h h a s l e d t o a d v a n c e s i n t h e 

p r o d u c t i o n o f h i g h e l e c t r i c f i e l d s . 

Meson factories 

T h e d i s c u s s i o n s o n m e s o n f a c t o r i e s w e n t r a t h e r 

b e y o n d t h e f r a m e w o r k s e t b y s e c t o r - f o c u s e d c y c l o t r o n s , 

f o r w h i l e t h e s e m a c h i n e s a r e u n d o u b t e d l y s t r o n g c a n ­

d i d a t e s f o r t h e r o l e o f h i g h - c u r r e n t a c c e l e r a t o r s i n t h e 

e n e r g y r a n g e o f 4 0 0 t o 8 0 0 M e V , o t h e r t y p e s o f m a c h i n e 

s u c h a s t h e l i n e a r a c c e l e r a t o r o r t h e f i x e d - f i e l d a l t e r ­

n a t i n g - g r a d i e n t ( F F A G ) m a c h i n e h a v e t o b e c o n s i d e r e d . 

T h e m e r i t s o f d i f f e r e n t k i n d s o f c y c l i c a c c e l e r a t o r 

w e r e c o m p a r e d b y P r o f . J . R . R i c h a r d s o n ( L o s A n g e l e s ) . 

Diagram of the'spiral-ridge ' pole segments of a two-particle fixed-
energy AVF cyclotron designed by Philips Research Laboratories, Eind­
hoven (Netherlands). The pole diameter is 140 cm and the machine 
will accelerate protons to 27 MeV or deteurons to 16 MeV. 
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H e c o n s i d e r e d t h e e f f e c t o f v a r i o u s d e s i g n p a r a m e t e r s 

o n t h e c h a r a c t e r i s t i c s o f s u c h m a c h i n e s a s i n s t r u m e n t s 

f o r h i g h - e n e r g y p h y s i c s r e s e a r c h . A p a r t f r o m t h e 

r e q u i r e m e n t o f i n t e n s e a n d h i g h - q u a l i t y p i - m e s o n 

b e a m s , w h i c h i s t h e e s s e n t i a l c h a r a c t e r i s t i c o f a m e s o n 

f a c t o r y , t h e r e a r e m a n y o t h e r r e l e v a n t f a c t o r s s u c h a s 

c o s t , p o s s i b i l i t y o f v a r y i n g t h e e n e r g y , p r o d u c t i o n o f 

s i m u l t a n e o u s b e a m s o f d i f f e r e n t p a r t i c l e s o r e n e r g i e s , 

d u t y f a c t o r , e a s e o f e x t r a c t i o n o f t h e i n t e r n a l b e a m , 

a n d t h e a s s o c i a t e d q u e s t i o n o f i n d u c e d a c t i v i t y . P r o f . 

R i c h a r d s o n s h o w e d t h a t i n t h e s e r e s p e c t s t h e s e c t o r -

f o c u s e d c y c l o t r o n w a s p r o b a b l y s u p e r i o r t o o t h e r t y p e s 

o f m a c h i n e , a n d t h a t i t s u s e f u l n e s s w o u l d b e i n c r e a s e d 

i f i t w e r e c o n s t r u c t e d f o r n e g a t i v e - i o n a c c e l e r a t i o n , e v e n 

t h o u g h t h i s i s i n i t i a l l y s o m e w h a t m o r e c o s t l y . H o w e v e r , 

h e p o i n t e d o u t t h a t s y n c h r o - c y c l o t r o n s w e r e c a p a b l e o f 

f u r t h e r d e v e l o p m e n t a n d t h a t t h e F F A G a c c e l e r a t o r 

a l s o r e m a i n e d a s e r i o u s c o m p e t i t o r i n t h e f i e l d . 

T h e v a r i o u s l i n e a r - a c c e l e r a t o r p r o j e c t s w e r e e x a m i n ­

e d b y D r . G . H . S t a f f o r d ( N . I . R . N . S . ) . L i n e a r a c c e l e r a t o r s 

p o s s e s s t h e g r e a t a d v a n t a g e t h a t t h e r e a r e n o e x t r a c t i o n 

o r a c t i v a t i o n p r o b l e m s . B e a m e n e r g y a n d i n t e n s i t y c a n 

b e v a r i e d a n d t h e a c c e l e r a t i o n o f p o l a r i z e d p a r t i c l e s h a s 

p r o v e d p r a c t i c a b l e . O n t h e o t h e r h a n d s u c h m a c h i n e s 

h a v e a p o o r d u t y f a c t o r , g i v i n g r e l a t i v e l y i n t e n s e b e a m s 

f o r a s m a l l f r a c t i o n o f t h e t i m e o n l y . F r o m t h e p o i n t 

o f v i e w o f m a n y , t h o u g h n o t a l l , a p p l i c a t i o n s i n p h y s i c s 

t h i s i s a d i s t i n c t d r a w b a c k . T h e i m p o r t a n c e o f t h e 

l i m i t a t i o n w i l l , h o w e v e r , d i m i n i s h a s m o r e p o w e r f u l 

v a l v e s b e c o m e a v a i l a b l e f o r t h e r a d i o f r e q u e n c y s u p p l y , 

a n d m a n y d i s a p p e a r a l t o g e t h e r i f p r o j e c t s f o r s u p e r ­

c o n d u c t i n g l i n e a r a c c e l e r a t o r s , n o w u n d e r s t u d y , p r o v e 

t o b e p r a c t i c a b l e . 

O f t h e d e t a i l e d d e s i g n s d i s c u s s e d , a f e w m a y b e 

m e n t i o n e d . T h e E . T . H . a t Z u r i c h i s w o r k i n g o n a' 

t w o - s t a g e a c c e l e r a t o r , c o n s i s t i n g o f a s e c t o r - f o c u s e d 

c y c l o t r o n o f a b o u t 70 M e V , w h i c h i n j e c t s a b e a m i n t o 

a r i n g - s h a p e d m a c h i n e c o n s i s t i n g o f e i g h t m a g n e t u n i t s 

s e p a r a t e d b y f i e l d - f r e e d r i f t s p a c e s . T h e r e t h e p r o t o n s 

a r e f u r t h e r a c c e l e r a t e d t o a b o u t 5 0 0 M e V . S u c h a 

m a c h i n e h a s m a n y a d v a n t a g e s o v e r a c o n v e n t i o n a l 

c y c l o t r o n o n a c c o u n t o f i t s o p e n s t r u c t u r e , w h i c h n o t 

o n l y p r o v i d e s b e t t e r a c c e s s i b i l i t y b u t a l s o o v e r c o m e s 

s o m e p r o b l e m s o f b e a m i n s t a b i l i t y . D r . F . M . R u s s e l l 

( N . I . R . N . S . a n d O a k R i d g e ) p r o p o s e d a * s e p a r a t e d - o r b i t 

c y c l o t r o n ' o r ' b e e h i v e ' a c c e l e r a t o r . T h i s c o n s i s t s o f a 

c o i l e d - u p l i n e a r m a c h i n e w h o s e t u r n s o f i n c r e a s i n g 

r a d i u s a r e a t d i f f e r e n t l e v e l s . ( I n v i e w o f t h e f a c t t h a t 

b e e s i n t h e n e i g h b o u r h o o d o f G e n e v a a p p e a r t o b e 

l i v i n g i n r e c t a n g u l a r b o x e s t h e t e r m ' c r i n o l i n e a c c e l e ­

r a t o r ' i s p r o p o s e d f o r l o c a l u s e . ) E a c h q u a s i - c i r c u l a r 

t u r n o f t h e m a c h i n e h a s i t s s e p a r a t e g u i d i n g f i e l d , b u t 

t h e a c c e l e r a t i n g c a v i t i e s , p l a c e d o n m e r i d i a n s o f t h e 

s t r u c t u r e , s e r v e a l l l e v e l s a t o n c e . A l t h o u g h t h i s d e s i g n 

i s v e r y i n t r i c a t e a n d p r o b a b l y c o s t l y , i t a v o i d s m a n y 

d i f f i c u l t i e s b e s e t t i n g c o n v e n t i o n a l m a c h i n e s . 

D r . R . P . H a d d o c k ( L o s A n g e l e s ) d i s c u s s e d a m a c h i n e 

f o r t h e a c c e l e r a t i o n o f m u o n s , w h i c h w o u l d o p e n a 

n e w f i e l d i n t h e r e a l m o f a c c e l e r a t o r s . 

C O N C L U S I O N S 

I n v i e w o f t h e s u c c e s s o f t h e s e c t ô r - f o c u s e d m a c h i n e s , 

o n e f e e l s t h a t t h e t i m e w h e n a c c e l e r a t o r s w e r e b u i l t 

a c c o r d i n g t o r o u g h c o m p u t a t i o n s o r a p p r o x i m a t e c o n s i ­

d e r a t i o n s i s n o w p a s t . P r e s e n t d a y c o m p u t e r s o f f e r 

Schematic layout of the proposed 500-MeV isochronous cyclotron 
for E.T.H., Zurich (Switzerland). This would have eight separate 
magnets, forming a ring, and four accelerating gaps. Protons would 
be injected at 70 MeV from the isochronous cyclotron shown at the 
lower left and accelerated to just over 500 MeV. External beams of 
protons, pions or muons would be available. 

t h e p o s s i b i l i t y o f s t u d y i n g n o t o n l y l i n e a r b u t n o n - l i n e a r 

p r o b l e m s i n d e t a i l , a n d t h e e a s e w i t h w h i c h t h e c o m p l e x 

s e c t o r - f o c u s e d m a c h i n e s h a v e b e e n b r o u g h t i n t o o p e r ­

a t i o n p r o v e s t h e v a l u e o f t h e t h e o r e t i c a l a n d n u m e r i c a l 

w o r k w h i c h p r e c e d e d t h e i r d e s i g n a n d c o n s t r u c t i o n . 

T h e s e m a c h i n e s h a v e a l s o p r o v i d e d e n g i n e e r s a n d 

t e c h n i c i a n s w i t h i n t r i c a t e p r o b l e m s i n t h e d e s i g n o f 

m a g n e t i c f i e l d s a n d o f a c c e l e r a t i o n a n d e x t r a c t i o n 

s y s t e m s . 

I n o p t i m a l b e a m i n t e n s i t i e s t h e r e i s a g a p b e t w e e n 

c u r r e n t s o f t h e o r d e r o f 100 pA, w h i c h a r e b e s t a c h i e v e d 

w i t h c y c l o t r o n s , a n d 10 t o 100 m A , f o r w h i c h l i n e a r 

a c c e l e r a t o r s a r e m o s t s u i t a b l e . H e r e n e w s o l u t i o n s , 

s u c h a s t h e s e p a r a t e d - o r b i t c y c l o t r o n o r t h e c r y o g e n i c 

l i n a c , m a y c o m e i n t o t h e i r o w n . T h e c o n f e r e n c e s h o w e d 

t h a t p a s t s u c c e s s e s h a d n o t l e d t h e d e s i g n e r s t o r e s t 

o n t h e i r l a u r e l s , b u t t h a t t h e r e a r e m a n y n e w i d e a s 

w h i c h w i l l n o d o u b t b e p u r s u e d w i t h e n t h u s i a s m a n d 

i n g e n u i t y . 

P R O C E E D I N G S 

T h e P r o c e e d i n g s o f t h e c o n f e r e n c e w e r e e d i t e d b y 

F . T . H o w a r d ( O a k R i d g e ) a n d N . V o g t N i l s e n ( C E R N ) , 

h e l p e d b y a t e a m o f s c i e n t i f i c s e c r e t a r i e s . T h e y w e r e 

t y p e d f o r o f f s e t r e p r o d u c t i o n b y a t e a m w o r k i n g u n d e r 

M m e . A . M a r t i n , a n d p r i n t i n g w a s b e g u n o n 2 9 M a y . 

T h a n k s t o a n a l l - o u t e f f o r t o f t h e C E R N S c i e n t i f i c 

I n f o r m a t i o n S e r v i c e , t h e f i r s t 5 0 0 c o p i e s w e r e d i s p a t c h e d 

o n 19 J u l y . I t i s h o p e d t h a t t h e P r o c e e d i n g s w i l l f o r m 

a u s e f u l c o m p e n d i u m o n s e c t o r - f o c u s e d m a c h i n e s f o r 

s o m e t i m e t o c o m e * 

106 

Diagram : E.T.H., Zur ich. 



Modem High Vacuum 
Coating Units 

Invisible in every BALZERS Coating Unit 
are years of experience of engineers and 
physicists, obtained in research and 
production of thin films. It is because of 
these hidden assets that BALZERS 
Coating Units are as good as they are. 
Your investment in a BALZERS Coating 
Unit is money well spent, especially if 
linked with the advantageous periodical 
service scheme which BALZERS operate. 
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BALZERS, PRINCIPALITY OF L I E C H T E N S T E I N 

107 

BALZERS 



A versatile range 
of manufacture 

SIEMENS 
INSTRUMENTATION 

Measurement and control in 
thermal and 
processing techniques 

Electrical metrology 

Electronic microscopy 

Non-destructive testing 
of materials 

Measurement, of mechanical 
quantities 

S I E M E N S & H A L S K E A G 
Berlin • Munchen 

Sale Agents for Switzerland 

S I E M E N S E LE K T R I Z I T À T S E R Z E U G N I S S E A G 
Zurich • Bern • Lausanne 


