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The European Organization for Nuclear Research, more commonly 
known as CERN (from the initials of the French title of the original body, 
'Le Conseil europeen pour la Recherche nucleaire', formed by an Agree
ment dated 15 February 1952), was created when the Convention establish
ing the permanent Organization came into force on 29 September 1954. 

In this Convention, the aims of the Organization are defined 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 Organiza
tion 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.' 

Conceived as a co-operative enterprise in order to regain for Europe a 
first-rank position in fundamental nuclear science, CERN is now one of the 
world's leading laboratories in this field. It acts as a European centre and 
co-ordinator of research, theoretical and experimental, in the field of 
high-energy physics, often known as sub-nuclear physics or the physics of 
fundamental particles. 

High-energy physics is that front of science which aims directly at the 
most fundamental questions of the basic laws governing the structure of 
matter and the universe. It is not directed towards specific applications — 
in particular, it plays no part in the development of the practical uses of 
nuclear energy — though it plays an important role in the education of the 
new generation of scientists. Only the future can show what use may be 
made of the knowledge now being gained. 

The laboratory comprises an area of about 80 ha (200 acres), straddling an 
international frontier; 41 ha is on Swiss territory in Meyrin, Canton of 
Geneva (the seat of the Organization), and 39.5 ha on French territory, in 
the Communes of Prevessin and St.-Genis-Pouilly, Department of the Ain. 

Two large particle accelerators form the basis of the experimental 
equipment: 

— a 600 MeV synchro-cyclotron, 
— a 28 GeV proton synchrotron, 

the latter being one of the two most powerful in the world. 

The CERN staff totals about 2300 people. 

In addition to the scientists on the staff, there are over 360 Fellows and 
Visiting Scientists, who stay at CERN, either individually or as members of 
visiting teams, for periods ranging from two months to two years. Although 
these Fellows and Visitors come mainly from universities and research 
institutes in the CERN Member States, they also include scientists from 
other countries. Furthermore, much of the experimental data obtained with 
the accelerators is distributed among participating laboratories for evaluation. 

Thirteen Member States contribute to the cost of the basic programme of 
CERN in proportion to their net national income: 

Austria (1.90 %) Italy (11.24 %) 
Belgium (3.56 %) Netherlands (3.88 %) 
Denmark (2.05 %) Norway (1.41 %) 
Federal Republic Spain (3.43%) 

of Germany (23.30 %) Sweden (4.02 %) 
France (19.34%) Switzerland (3.11 %) 
Greece (0.60 %) United Kingdom (22.16 %) 

Poland, Turkey and Yugoslavia have the status of Observer. 

The 1966 budget for the basic programme amounts to 149 670 000 Swiss 
francs, calling for contributions from Member States totalling 145 860 000 Swiss 
francs. 

Supplementary programmes, financed by twelve states, cover construction 
of intersecting storage rings for the 28 GeV accelerator at Meyrin and studies 
for a proposed 300 GeV accelerator that would be built elsewhere. 
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300 GeV A report on the 'Status of the project for a European 
3 0 0 GeV proton synchrotron' was presented to the CERN 
Council at its December meeting. We reproduce here 
the first three sections of the report which cover the 
scientific background to the European proposal. 

I. The Significance and Development 
of High-Energy Physics 

The last h u n d r e d yea rs h a v e seen immense progress 
in our unde r s t and ing and control of the wor ld of 
physical phenomena . In par t icu lar , t he basic p roper t ies 
of m a t t e r have been revea led in successive steps, each 
of wh ich uncovered laws and s t ruc tu res of the most 
profound significance bo th for n a t u r a l phi losophy a n d 
for advanced technology. Thus , in the first q u a r t e r of 
t he twen t i e th century, expe r imen ta l physics unrave l l ed 
t he s t ruc tu re of a toms and molecules, showing how they 
a r e const i tuted by electrons moving a round ve ry smal l 
b u t heavy nuclei . These r e m a r k a b l e f indings led 
a round 1925 to the discovery of q u a n t u m theory, wh ich 
expla ins how the electrons move a round the nuclei a n d 
how they b ind the nuclei to each o ther to form mole 
cules or solid bodies. The foundat ion was the reby laid 
for our modern unde r s t and ing and uti l izat ion of chemis 
t ry , sol id-s tate physics and electronics, whi le on t he 
philosophical side our whole th ink ing on causal i ty and 
de te rmin i sm was revolut ionized. 

.Miter a tomic physics came t h e expe r imen ta l s tudy of 
t he a tomic nucleus. This w a s the first field of physics 
w h e r e par t ic le accelera tors became the basic i n s t ru 
ments , because it soon appea red t h a t the n a t u r a l r ad io 
act ive sources original ly used w e r e ne i ther in tense nor 
f lexible enough for detai led work . One found out t h a t 
nuclei a re composed of p ro tons and neu t rons moving 

a round each o ther in ve ry compact and dense configu
rat ions . One unders tood how nuc lea r energy can be 
l ibera ted t h rough fusion of l ight nuclei , and how this 
phenomenon expla ins t he b u r n i n g of the sun and of 
the s tars . One predic ted t ha t nuc lear energy can also 
be l ibera ted t h rough fission of h e a v y nuclei and one 
succeeded in doing this on ear th . One l ea rn t how to 
m a k e large n u m b e r s of n e w nuc lea r species, which a r e 
now in dai ly use in medicine, biology, meta l lurgy, and 
m a n y o ther fields of science and technology. 

While it was possible to descr ibe the motion of 
pro tons and neu t rons inside a tomic nuclei in t e rms of 
q u a n t u m theory, nuc lea r physics revea led two ent i re ly 
new types of force wh ich w e a r e still unab le to u n d e r 
stand. They a r e t he ' s t rong ' force wh ich keeps t he 
protons and neu t rons t ight ly bound in the nuclei and is 
responsible for nuc lea r energy, and the 'weak ' force 
which produces be ta radioac t iv i ty and is in t imate ly 
connected w i th the most e lusive par t ic le in na tu re , t h e 
neut r ino . I t is now ent i re ly clear t h a t t he s tudy of 
these two forces leads us beyond the f r amework of 
o rd ina ry nuc lea r physics . One mus t p robe into t h e 
inner pa r t s of the p ro ton and neu t ron themselves , or 
in o ther words , m a t t e r mus t be invest igated a t the s u b -
nuclear level. Bu t t h e r e is a ve ry genera l l aw of 
n a t u r e which says t h a t t he smal le r t he object one w a n t s 
to invest igate , t he h igher a r e t he energies needed to 
pene t r a t e it. Thus , sub -nuc l ea r physics is also h igh-
energy physics, and its progress requ i res accelerators of 
increasing energies. 

D i s c o v e r y of t h e E l e m e n t a r y P a r t i c l e s 

T h e f i g u r e s h o w s t h e d a t e of t h e d i s c o v e r y 
o f t h e e l e m e n t a r y p a r t i c l e s i d e n t i f i e d s i n c e 
1945 ( n o t i n c l u d i n g 1966). T h e G r e e k o r 
L a t i n l e t t e r s a r e , i n m a n y c a s e s , t h e 
c o n v e n t i o n a l s y m b o l s f o r f a m i l i e s o f p a r 
t i c l e s w h o s e m e m b e r s h a v e d i f f e r e n t 
m a s s e s a n d f o r e a c h m a s s t h e r e m a y b e 
s e v e r a l p a r t i c l e s w i t h d i f f e r e n t e l e c t r i c a l 
c h a r g e s . A l t o g e t h e r a b o u t 100 d i f f e r e n t 
p a r t i c l e s a r e k n o w n , n o t c o u n t i n g t h e i r 
c o r r e s p o n d i n g a n t i p a r t i c l e s . 
M o s t of t h e d i s c o v e r i e s s h o w n f o r 1945-
1955 w e r e m a d e i n c o s m i c - r a y e x p e r i 
m e n t s , b u t t h e p a r t i c l e s w e r e s t u d i e d i n 
d e t a i l w i t h t h e h e l p o f t h e f i r s t p o s t - w a r 
a c c e l e r a t o r s . T h e l a r g e n u m b e r f o u n d 
a f t e r 1960 w e r e p r o d u c e d a n d i n v e s t i g a t e d 
m a i n l y w i t h t h e p r o t o n s y n c h r o t r o n s a t 
B e r k e l e y , B r o o k h a v e n a n d C E R N . 

1965 

231 



Up to now, t he most significant discovery in h igh -
energy physics is t h a t t h e proton, the n e u t r o n a n d the 
e lectron a r e not t he only basic par t ic les of na tu re . 
The re a re m a n y m o r e such par t ic les . They a r e more 
difficult to observe because , w h e n produced, they 
d is in tegra te a lmost immedia te ly . B u t they a r e as 
i m p o r t a n t as t he proton, n e u t r o n or e lect ron w h e n one 
t r ies to u n d e r s t a n d the n a t u r e of the s t rong a n d w e a k 
forces. T h e first of these new, h ighly uns t ab l e par t ic les 
w e r e discovered in cosmic rays . The i r accu ra t e s tudy 
and t h e discovery of m a n y m o r e a re t he m a i n ach ieve 
m e n t s r eached w i t h t he h igh -ene rgy acce lera tors con
s t ruc ted in t he las t fifteen yea r s (see t he F igu re below). 
Indeed, as w a s t he case w i t h n a t u r a l rad ioac t iv i ty in 
nuc lear physics, cosmic r ays as a n a t u r a l source of h igh 
energies t u r n e d out to be ne i the r in tense nor con t ro l 
lable enough for t h e needs of exper imen ta t ion . 

T h e exis t ing acce lera tors h a v e revea led the exis tence 
of close to one h u n d r e d par t ic les (these h a v e often been 
called e l emen ta ry par t ic les , a n a m e wh ich is ge t t ing 
m o r e and m o r e ques t ionable as the i r p roper t i e s a r e 
be t t e r known) . Fo r some of them, the acce lera tors m a d e 
possible t he s tudy, to some ex ten t , of the i r modes of d i s 
in tegra t ion and the i r m u t u a l in terac t ions , t h e r e b y giving 
new, v i ta l in format ion on the n a t u r e of the s t rong and 
w e a k forces. As t he list of t he k n o w n par t ic les grew, 
the i r as tounding va r i e ty a t first c rea ted b e w i l d e r m e n t 
a n d discouraged sys temat ic in te rp re ta t ions . Qui te 
r e m a r k a b l y , however , t he last five years h a v e b r o u g h t 
us to t he s tage w h e r e t h e ve ry mul t ip l ic i ty of par t ic les 
ha s revea led a novel order , charac te r ized b y wel l 
defined m a t h e m a t i c a l pr inc ip les of s y m m e t r y ( they a r e 
usua l ly denoted by the symbols SUs and SUe). Par t i c les 
wh ich a t first s ight a r e complete ly different f rom each 
o ther have now been recognized as be longing to t he 
same family and as hav ing deep- ly ing s imilar i t ies . T h e 
pro ton and the n e u t r o n canno t be unders tood separa te ly , 
they a re only two m e m b e r s of a l a rger family conta in ing 
p e r h a p s e ighteen par t ic les , some of wh ich a r e ex t r eme ly 
uns tab le . Also the in t e rp re t a t ion of t he s t rong and 
w e a k forces is p rofoundly affected by these n e w 
pr inc ip les of symmet ry , w h i c h al low us to g roup into 
single in te rp re ta t ions e x p e r i m e n t a l facts wh ich would 
h a v e been whol ly un re l a t ed a few years ago. Final ly , 
mos t physicis ts t end n o w to bel ieve t h a t t h e n e w 
symmet r i e s m a y be t h e mani fes ta t ion of a r e m a r k a b l e 
i n t e r n a l s t ruc tu re of t he proton , t he n e u t r o n and m a n y 
o ther par t ic les wh ich w e r e ear l ie r r ega rded as e l emen
t a ry . If th is is t rue , t h e p ro ton m a y conta in even m o r e 
fundamen ta l objects (for w h i c h the n a m e of ' qua rk ' has 
b e e n proposed), a fact w h i c h would open u p once more 
comple te ly n e w v iewpoin t s in physics . 

Whi le the deve lopment of a tomic and nuc lea r physics 
in t he first for ty yea r s of our cen tu ry w a s ma in ly 
concent ra ted in Europe , t he USA took t h e lead in 
h i g h - e n e r g y physics in t he ea r ly 1950s t h a n k s to t he 
const ruct ion a n d r ap id exploi ta t ion of t he first h igh -
ene rgy accelera tors . For tuna te ly , t he E u r o p e a n deci 
sion, t a k e n in 1953, to pool w i thou t de lay t h e h u m a n , 
t echnica l and f inancial resources of the cont inent for t he 
const ruct ion and opera t ion of CERN, especial ly of t he 
28 GeV pro ton synchro t ron , a l lowed E u r o p e to t ake 
p a r t a t t he h ighes t level, on a p a r w i t h t h e USA, in 
t h e p r e s e n t - d a y deve lopmen t of h igh -ene rgy physics. 
T h e best E u r o p e a n physicis ts w e r e able to r e m a i n 
p roduc t ive in h igh -ene rgy a n d par t ic le research , 

7 I s h o u l d p o i n t o u t o n e d i f f e r e n c e b e t w e e n h i g h - 7 
' e n e r g y p h y s i c s a n d m a n y o t h e r b r a n c h e s of s c i e n c e : t h e 7 
^ u n a v o i d a b l y l a r g e s i z e o f t h e e q u i p m e n t f o r c e s u s t o m a k e / 

^ p l a n s f o r f i f t e e n y e a r s a h e a d , i n v o l v i n g t h e p h y s i c i s t s of 7 
* a w h o l e c o n t i n e n t . D e l a y s i n d e c i s i o n c a n t h e r e f o r e h a v e J 
> a c a t a s t r o p h i c e f f e c t o n t h e w h o l e f u t u r e of f u n d a m e n t a l / 
' p h y s i c s i n E u r o p e , a n d f o r t h i s r e a s o n G o v e r n m e n t s h a v e 7 
' b e e n r e q u e s t e d t o d e c i d e o n t h i s n e w L a b o r a t o r y a s s o o n 7 
' a s p o s s i b l e . F i v e y e a r s of s t u d y w i l l h a v e g o n e i n t o 7 

7 p r e p a r i n g t h e d e c i s i o n s , a n d t e n m o r e y e a r s w i l l p a s s 7 
J b e f o r e t h e n e w L a b o r a t o r y c a n s t a r t t o o p e r a t e . B y t h e n * 
* C E R N w i l l h a v e b e e n r u n n i n g f o r n e a r l y t w e n t y y e a r s . 7 
* T h e t i m e t o t a k e t h e n e x t s t e p f o r w a r d i s n o w . ' 7 

L P r o f . B e r n a r d G r e g o r y , 7 
( D i r e c t o r G e n e r a l of C E R N , / 
^ i n h i s F o r e w o r d t o t h e R e p o r t ^ 

na t iona l l abora tor ies a n d un ivers i ty ins t i tu tes w e r e 
founded and a t t r ac t ed h igh ly competen t staff, h igh -
energy physics b e c a m e one of t h e s t rongest components 
in E u r o p e a n science. This is al l t he more grat i fying 
a n d i m p o r t a n t since, as all advanced countr ies h a v e 
come to realize, a ba l anced a n d resolu te effort on t h e 
who le front of r e sea rch is r eq u i r ed for la rge na t ions or 
g roups of na t ions to a s su re the i r l ong- range technica l 
a n d economic deve lopment . T h e impor tance of a 
ba lanced r e sea rch p r o g r a m m e , r ang ing from the most 
advanced p rob lems of p u r e science all t he w a y to 
appl ied and technica l research , cannot be u n d e r 
es t imated . T h e poin t is not only t h a t some pa r t s of 
th is p r o g r a m m e can a lways , a n d often do, lead to 
unexpec t ed appl ica t ions a t unexpec t ed t imes. I t is also 
t h a t a ba lanced p r o g r a m m e , w i t h sufficient emphas i s 
on basic p rob lems , is t h e p re requ i s i t e for crea t ing t he 
r igh t spir i t a n d t h e r igh t s t a n d a r d s of va lue for t h e 
who le of t h e scientific a n d technological effort. As w a s 
said so ap t ly by Professor C. F . Powel l : 'The scientific 
age is t h e p roduc t of a complex in te rp lay of all science 
and technology. T h e p r o b l e m is to ensu re the i r 
ba lanced deve lopment , for a deficiency in one b r a n c h 
w e a k e n s t h e who le front of advance ' .* 

I t is in t he l ight of th is gene ra l deve lopment t ha t t h e 
significance of t h e 300 GeV project can best be 
eva lua ted . H i g h - e n e r g y physics has revea led a wor ld 
of m a n y par t ic les . A few of them, l ike the proton, 
n e u t r o n a n d electron, a r e qu i te famil iar ; all o thers a r e 
e x t r e m e l y ephemera l , difficult to p roduce and even 
m o r e difficult to s tudy. Still , all a r e equal ly i m p o r t a n t 
if w e a r e to u n r a v e l t h e fundamen ta l forces and l aws 
wh ich r egu la t e m a t t e r a t t h e nuc lea r and sub -nuc l ea r 
levels. T h e CERN a n d B r o o k h a v e n pro ton synch ro 
t rons , and other , lower ene rgy accelera tors in Europe , 
t he USA a n d t h e USSR h a v e revea led this n e w wor ld 
of par t ic le physics . Wi th in t h e l imits imposed by the i r 
energy and intensi ty , these mach ines a re engaged in 
s tudying some of t he mul t ip le ques t ions which w e h a v e 
to answer in o rde r to r e a c h a t r u e unde r s t and ing of 
w h a t has been uncove red in sub -nuc lea r physics . 
Large-sca le i m p r o v e m e n t a n d extens ion p r o g r a m m e s 
h a v e been u n d e r t a k e n to increase t h e potent ia l i t ies of 
the CERN a n d B r o o k h a v e n machines . These p r o g r a m 
mes wil l ensu re t h a t t h e advanced posit ions reached b y 
our cont inent and b y t h e USA can be ma in ta ined for 
some ten years . B u t t h e n e x t s tep mus t be p r e p a r e d 
now, since pro jec ts on th is scale t a k e t en yea rs to con
s t ruc t and b r ing into use . T h e communi ty of par t ic le 
physicis ts agrees t h a t th is s tep consists in bui ld ing m u c h 

* P r o f e s s o r C. F . P o w e l l : ' T h e R o l e o f P u r e S c i e n c e i n E u r o p e a n 
C i v i l i z a t i o n ' , s p e e c h d e l i v e r e d a t C E R N o n 10 O c t o b e r , 1964. 
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7 ' A g r e a t s o c i e t y i s u l t i m a t e l y k n o w n f o r t h e m o n u - 7 
7 m e n t s i t l e a v e s f o r l a t e r g e n e r a t i o n s . W e c a n n o t f o r e t e l l 7 
7 w h a t d e t a i l e d r e s u l t s m a y c o m e f r o m a v e r y h i g h e n e r g y 7 
7 m a c h i n e , w h i c h s h o u l d i n f a c t a i m f o r e n e r g i e s 20 t o 30 7 
' t i m e s a s h i g h a s t h e p r e s e n t o n e s t o b r i n g a s u f f i c i e n t J 

i n e w r a n g e w i t h i n r e a c h i n t h e r e a s o n a b l y n e a r f u t u r e . 7 

W e c a n f o r e t e l l , h o w e v e r , t h a t s u c h a m a c h i n e , w h i c h i s 7 
o n t h e s c a l e of a n a t i o n a l e f f o r t , w i l l w i t h o u t q u e s t i o n b e J 
a s o u r c e of i n s p i r a t i o n f o r n e w s c i e n c e a n d a m o n u m e n t 7 
t o o u r d a y s . ' 7 

A P r o f . A b r a h a m P a i s 7 
7 ' N a t u r e of Matter* 7 
7 J a n u a r y 1965 7 
l a rge r pro ton synchro t rons , because such mach ines h a v e 
t h e r e m a r k a b l e a d v a n t a g e of offering s imul taneous ly 
t h e two facilities most needed for fu r the r p rogress in 
par t i c le physics, name ly h ighe r energies and h ighe r 
b e a m intensi t ies . Thus , t he USSR is approach ing com
ple t ion of a 70 GeV pro ton synchro t ron . T h e USA, 
wh i l e complet ing cons t ruc t ion of a n e lect ron acce lera tor 
of 20 GeV wh ich wil l be ex t ended l a t e r to 40 GeV, a r e 
p r e p a r i n g the final decision on bui ld ing a 200 GeV 
p ro ton synchro t ron . In Europe , bo th ECFA (the E u r o 
p e a n Commit tee for F u t u r e Accelerators) and t h e 
Scientific Policy Commi t tee of CERN have agreed t h a t 
t h e 300 GeV pro ton synchro t ron , w i t h its h igher ene rgy 
compensa t ing its longer cons t ruc t ion t ime, wou ld 
p rov ide our cont inent w i t h a su i tab le i n s t r u m e n t to 
t a k e over in the second half of t h e n e x t decade. 

A few examples m a y show t h e improvemen t s in 
expe r imen t s wh ich wil l be r eached w i t h the proposed 
300 GeV accelerator . T h e typical energies in b e a m s of 
special par t ic les such as K mesons and an t ip ro tons , 
w h i c h h a v e been t h e pr inc ipa l p roduce r s of t he n e w 
uns tab le ' par t ic les , now r a n g e b e t w e e n 2 and 10 GeV. 
T h e r e is a need a l r eady to go h igher , b u t this is l imi ted 
by the low in tens i ty of par t ic le p roduc t ion from acce ler 
a to rs in the 30 GeV pro ton ene rgy r ange . The 300 GeV 
mach ine should p roduce 10-20 GeV b e a m s u p to 1000 
t imes more in tense . I t wil l also, of course, p roduce 
b e a m s of m u c h g rea te r energy, and even in the 50 GeV 
region these wil l be of ve ry h igh in tens i ty by p r e s e n t -
day s t anda rds . 

For ano the r class of expe r imen t s , us ing neu t r ino 
beams , wh ich a re of major impor t ance in inves t iga t ing 
t h e w e a k force, it now takes w e e k s of use of t he CERN 
synchro t ron a t full in tens i ty to observe 100 neu t r ino 
events . Wi th t he 300 GeV mach ine , not only wil l t he 
ene rgy r a n g e of neu t r inos be g rea t ly increased, b u t t h e 
observa t ion t imes wil l be cut f rom weeks to hours , so 
t h a t even r a r e events , w h i c h a r e often t h e mos t 
ins t ruct ive , can be observed in useful number s . 

These examples show t h a t t he n e w mach ine wi l l 
m a k e a t ru ly qua l i t a t ive difference in the power of 
E u r o p e a n physics resources , a n d t h a t it is of t he scale 
to become a w o r t h y successor to t h e p resen t CERN 
synchro t ron . Any th ing m o r e modes t would ca r ry a 
g r ea t r i sk of being too l i t t le a n d too la te . 

II. The Role of the 300 GeV 
Accelerator for European Research 
and Education 

T h e p rope r exploi ta t ion of h igh -ene rgy acce lera tors 
for t he genera l benefi t of scientific r e sea rch and t r a in ing 

poses difficult o rganiza t iona l p rob lems in v iew of t he 
fact t ha t r e sea rch m u s t r e m a i n closely in tegra ted w i t h 
advanced teach ing a n d hence w i t h un ivers i ty life. 
Indeed, it is in t he i n t eg ra t ed r e sea rch a n d teaching 
activi t ies of the univers i t ies t h a t lie t he basic foun 
dat ion of t he scientific deve lopment . T h e univers i t ies 
detect and t r a in t he young scientists , w h o a r e the key 
to the fu ture deve lopment . They also h a v e been and 
r e m a i n t he best p laces for or ig inal t h ink ing and for the 
conception of novel l ines of work . They requi re , 
however , access to t h e mos t u p - t o - d a t e i n s t r u m e n t s of 
research, in pa r t i cu l a r to h i g h - e n e r g y accelera tors of 
such a la rge size a n d complex i ty t h a t they a re too 
expens ive to be bui l t for each univers i ty , and t ha t a 
single un ivers i ty wou ld not h a v e enough staff a n d 
s tudents to opera te . This is of course t he jus t i f i 
cat ion of t he l a rge na t iona l a n d in t e rna t iona l accelera tor 
laborator ies , wh ich of necessi ty wi l l a lways be far a w a y 
from most univers i t ies . T h e bes t one can a r r a n g e for 
is t ha t access be as easy as possible for as m a n y 
co-opera t ing univers i t ies as possible. 

Such cen t ra l l abora to r ies m u s t t h e n give t he oppor 
tun i ty of r e sea rch to all t h e co-opera t ing univers i t ies . 
The physics professor should be ab le to sha re his ac t iv i ty 
be tween teach ing in his un ive r s i ty a n d resea rch done 
by m e a n s of t he cen t ra l accelera tor . His r e sea rch 
s tudents should be able to pa r t i c ipa te in th is research , 
wh ich should be ca r r ied out p a r t l y in t he cen t ra l 
l abora to ry for ac tua l r u n n i n g of t h e exper imen t s , a n d 
pa r t l y in t he un ive r s i ty for p r e p a r a t i o n a n d for da t a 
evaluat ion. Final ly , t h e un ive r s i ty professor should 
have full pa r t i c ipa t ion in t h e discussions and decisions 
by wh ich the r e sea rch p r o g r a m m e of t h e cen t ra l acceler
a tor is de te rmined . 

To achieve these a ims successfully, va r ious condit ions 
mus t be me t by t he cen t ra l acce le ra tor l abora to ry as 
wel l as by t he univers i t ies . T h e fo rmer mus t keep its 
res ident r e sea rch staff a t a size smal l compared to t he 
n u m b e r of un ivers i ty physicis ts w o r k i n g in it, and it 
mus t p rov ide these n u m e r o u s vis i tors w i t h ample t ech
nical facilities. In or n e a r t he univers i t ies , on the o the r 
hand, t he physics professors a n d r e sea rch s tuden ts mus t 
have a t the i r disposal t he facilities needed for the p r e 
pa ra t ion of e x p e r i m e n t s a n d for t h e evalua t ion of 
expe r imen ta l data , so t h a t t hey a r e not forced to spend 
t ime unnecessar i ly a t t h e acce le ra tor l abora tory . Each 
exper iment , however , wil l r e q u i r e a per iod of p resence 
a t the accelerator , and t h e un ive r s i ty act ivi t ies of p r o 
fessors and s tuden t s m u s t be a r r a n g e d accordingly. 
Final ly, t he scientific p r o g r a m m e of t he cen t ra l acce ler 
a tor mus t be e labora ted by commit tees in wh ich t h e 
un ivers i ty physicis ts a r e fully represen ted . 

The p resen t exper i ence w i t h CERN and the l a rge 
na t iona l l abora tor ies is t h a t al l these condit ions can be 
me t if t he necessary efforts a r e m a d e f rom all sides. 
Thus , CERN suppl ies e x p e r i m e n t a l facilities to abou t 
700 h igh -ene rgy physicis ts a n d r e sea rch s tuden ts w o r k 
ing in some 50 E u r o p e a n univers i t ies , w h e r e a s no m o r e 
t h a n about 70 h igh -ene rgy physic is ts a r e on t he CERN 
staff. Among the la t te r , mos t l eave CERN wi th in five 
or six years . T h e p r o g r a m m e of t he CERN synchro t ron 
is e labora ted in t h r e e e x p e r i m e n t a l commit tees , w h e r e 
all groups us ing the m a c h i n e a r e represen ted . S imi lar 
a r r a n g e m e n t s wil l c lear ly be possible for t he 300 GeV 
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machine , bu t t h e r e is room for considerable i m p r o v e 
ment . In fact, ECFA is cu r r en t l y engaged in a s tudy 
of t he p rob lems ra ised b y t h e col laborat ion be tween 
univers i t ies a n d cen t ra l acce lera tor labora tor ies . I ts 
conclusions wil l he lp to set t he rules to be adop ted for 
exploi ta t ion of t h e fu tu re 300 GeV machine , as wel l as 
for a p rope r col laborat ion w i t h t h e smal le r acce lera tors 
forming the 'base of t h e p y r a m i d ' r e c o m m e n d e d in 
t he Amald i Repor t . 

By its f undamen ta l cha rac t e r and by the r ichness of 
t he n e w p h e n o m e n a w h i c h it has uncovered , h igh -
energy physics has a lways exe r t ed a v e r y s t rong a t t r a c 
t ion on young, gifted minds . In fact, t he n u m b e r of 
h igh -ene rgy physicis ts ha s g r o w n in recen t yea r s fas ter 
t h a n w a s forecast by ECFA w h e n it m a d e m a n p o w e r 
es t imates in 1963. T h e a t t r ac t ion of l a rge acce lera tors 
is also grea t on technica l ly minded physicis ts . One 
expects , therefore , no m a n p o w e r difficulty for the 
300 GeV project . I t should also be noted tha t , for a 
l a rge r populat ion, t he to ta l E u r o p e a n h i g h - e n e r g y effort 
is m o r e modes t t h a n t h e USA one. This is of course one 
more reason to cont inue a reso lu te deve lopment of h igh -
energy physics in Europe . Wi thou t it, t h e bes t young 
scientists of our cont inent , w h o a r e often also t h e most 
mobi le ones, wou ld not hes i t a t e to emig ra t e to w h e r e 
be t t e r facilities a r e ava i lab le for this f u n d a m e n t a l p a r t 
of physics . 

The educat ional va lue of w o r k a round a h igh -ene rgy 
accelera tor l ike t he 300 GeV mach ine is ve ry g rea t 
w h e n the young scientis ts a r e p u t into close contact 
w i t h the var ious phases of t h e expe r imen t s in wh ich 
they par t ic ipa te . The b r e a d t h of knowledge of p u r e and 
appl ied physics, of engineer ing , of l a rge-sca le o rgan i 
zat ion needed in h i g h - e n e r g y physics is g r ea t e r t h a n in 
m a n y o ther subjects . Even a young r e sea rch s tuden t 
gets acqua in ted not only w i t h advanced q u a n t u m theory 
and par t ic le physics, b u t also w i t h advanced electronics 
and comput ing techniques , cryogenics, optics a n d power 
engineer ing. I t is the re fore ce r ta in t h a t young scientists 
w h o had the i r physics t r a in ing in the h i g h - e n e r g y field 
should be wel l p r e p a r e d to en t e r o ther scientific and 
technica l activit ies, inc luding indus t r i a l w o r k and 
science teaching. I t is in fact expec ted bo th in t h e USA 
and in Europe tha t , if p r e sen t t r ends in t h e deve lop
m e n t of h igher educa t ion cont inue, t he n u m b e r of 
physicis ts leaving the field of h igh -ene rgy physics after 
t ak ing a h igher degree m a y r each 50 °/o or more of those 
en te r ing it, a l lowing for t h e in te res t of young s tuden t s 
in t h e subject and the capaci ty of t h e exis t ing and 
proposed labora tor ies to accommoda te them. 

All t ha t has been said in t h e p resen t chap te r on the 
re la t ions be tween acce lera tor labora tor ies and u n i v e r 
sities appl ies not only to t he fu tu re 300 GeV accelerator , 
b u t also to p resen t and fu tu re accelera tors of smal ler 
size w h i c h form t h e 'base of t h e py ramid ' descr ibed and 
r ecommended in t he Amald i Repor t . Whi le t h e l a t t e r 
mach ines a re not t he m a i n topic of th is S t a tus Report , 
it m a y be good to recal l t he g rea t impor t ance of the 
'base of the p y r a m i d ' as an indispensable complemen t 
to t he ' summi t p r o g r a m m e ' w h i c h consists a t p re sen t of 
t he CERN Labora to ry in Meyr in and would h a v e in t he 
fu ture t he 300 GeV L a b o r a t o r y as ma in facility. Indeed, 
as s t ressed r epea ted ly by ECFA in 1963 a n d aga in this 
year , t he ba lanced deve lopmen t of h igh -ene rgy physics 

7 ' E v e r y i n c r e a s e i n e n e r g y m a k e s p o s s i b l e n e w a n d 1 
/ r e v o l u t i o n a r y d i s c o v e r i e s . I n n o c a s e i n t h e p a s t h a v e 7 
/ s c i e n t i s t s b e e n d i s a p p o i n t e d i n t h e r e s u l t s f o l l o w i n g a n 7 
7 i n c r e a s e i n a v a i l a b l e e n e r g y . ' J 

L P r o f . E d w i n M c M i l l a n 7 
7 S t a t e m e n t t o U S J o i n t C o m m i t t e e 7 
Z o n A t o m i c E n e r g y , 1965 7 

in Europe requ i res , in addi t ion to t he ve ry la rge acceler 
a tor cons t ruc ted a n d ope ra t ed as a common effort of all 
countr ies involved, a n u m b e r of smal le r machines to do 
c o m p l e m e n t a r y e x p e r i m e n t s of considerable dura t ion 
a n d to p rov ide addi t iona l r e sea rch and t r a in ing facilities 
in closer contac t w i t h t h e univers i t ies . 

III. The World Effort in High-Energy 
Physics 

The success a n d just i f icat ion of a l a rge and expens ive 
h igh -ene rgy phys ics p r o g r a m m e is pa r t i cu la r ly d e p e n 
den t on t h e qua l i ty a n d pe r fo rmance of t he acce lera tor 
on wh ich it rel ies. Not only does t he accelera tor p e r 
fo rmance di rect ly affect t he ease w i t h wh ich the whole 
r a n g e of e x p e r i m e n t s can be per formed, b u t a good 
mach ine provides a n a t u r a l pole of a t t rac t ion for t h e 
ables t scientis ts of t h e t ime, w h o usual ly have t h e 
possibi l i ty of w o r k i n g w h e r e t hey consider they will be 
most effective. I t is c lear t h a t t h e effort a n d money 
p u t into a n e w l abora to ry in E u r o p e wil l be bad ly spent 
if t he acce lera tor does not h a v e a pe r fo rmance a t leas t 
as good as, or be t t e r than , t h a t of a n y o ther in t he wor ld 
for a good fract ion of i ts life; for t he same reason, it 
mus t also come into opera t ion ear ly enough to m a i n 
ta in in Eu rope t h e f r o n t - r a n k posi t ion gained by the 
exis tence of t h e CERN p ro ton synchro t ron if an exodus 
of t he bes t physicis ts f rom Europe is to be avoided; if 
t hey go, t he resu l t wil l be an expensive , s lowly dying 
p r o g r a m m e m a n n e d by second- ra t e people. 

T h e pr inc ipa l p a r a m e t e r s govern ing the qua l i ty of an 
accelera tor a r e t he p ro ton ene rgy and also, for m a n y 
expe r imen t s , i ts in tens i ty — the n u m b e r of p ro tons 
accelera ted pe r second. 

The acce lera tors in o the r countr ies , e i ther ac tua l or 
p lanned , w h i c h wil l inf luence t h e specification of a n e w 
m a c h i n e in E u r o p e a r e t he 70 GeV pro ton synchro t ron 
a t S e r p u k h o v in t he USSR, w h i c h wil l come into use 
in 1968-1969, and t h e two mach ines in the US Nat ional 
P lan , one a 200 GeV pro ton synchro t ron , wh ich it is 
hoped wil l be decided on soon, to come into use in about 
1974, and, for t he fu r the r fu ture , one of 600-800 GeV. 

For a E u r o p e a n mach ine , w h i c h can now only s t a r t 
w o r k a r o u n d 1975 a t t h e earl iest , t he energy should not 
be chosen lower t h a n 200 GeV, to t a k e a useful s tep 
beyond S e r p u k h o v and to a s su re a t least pa r i ty w i th t h e 
first USA mach ine . In bo th 1963 and 1966, ECFA 
considered it l ikely t h a t a E u r o p e a n mach ine would be 
somewha t de layed w i t h respec t to t he USA, and t h a t 
th is should be compensa ted for b y some increase in 
energy, wh ich wou ld lead to a ve ry significant increase 
in pe r fo rmance for t he h ighe r energy beams and to a 
r a n g e of e x p e r i m e n t s in w h i c h it wou ld be a lone in t h e 
wor ld . A m u c h h ighe r energy would in fact be v e r y 
a t t rac t ive , as wi tness t h e p resence of a second mach ine 
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1 ' I t i s t h e g r e a t b e a u t y of o u r s c i e n c e t h a t a d v a n c e - 1 
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41 b e a u t y a n d u t i l i t y . ' <> 
<( F a r a d a y <f 

in t h e USA plans , b u t ECFA r e c o m m e n d e d 300 GeV 
for Europe to avoid t he increased cost, r i sk a n d above 
al l de lay wh ich an energy h ighe r t h a n 300 GeV wou ld 
involve. 

These a r g u m e n t s lead to the t ime-sca le given be low for 
t h e pe r fo rmance of the p r e d o m i n a n t p ro ton acce lera tors 
in different countr ies , in wh ich each cont inent ' s p lans fit, 
roughly , into a w o r l d - w i d e deve lopmen t by steps, wh i l e 
still p rese rv ing the essent ia l facilities for each cont inent 
separa te ly . 

On var ious occasions it has been asked w h e t h e r t h e 
las t step, or even t he one before, could not be m a d e on 
a n in te rcon t inen ta l basis, t h r o u g h t h e const ruct ion of 
a 'wor ld machine ' . A mee t ing b e t w e e n ve ry senior 
scientis ts and officials f rom Europe , t he USSR a n d t h e 
USA w a s held in Vienna in J u l y 1964 to exp lore these 
possibi l i t ies: it appea red r a t h e r conclusively t h a t t h e 
s tep to 200-300 GeV should be t a k e n by each cont inen t 
separa te ly , bu t t ha t t he idea of a w o r l d - w i d e col la
bora t ion to bui ld a 1000 GeV m a c h i n e should not be 
dropped . 

Meanwhi le , col laborat ion w i t h t he USSR on a m o r e 
prac t ica l scale is developing as p l ans a r e being w o r k e d 
out w i t h t h e au thor i t i es t h e r e for physics g roups a n d 
l a rge i n s t rumen t s f rom Europe to w o r k a t Se rpukhov , 
a n d for col laborat ion on the deve lopment of t h e 
acce lera tor itself. This is t he consequence of a scientific 
l iaison be tween CERN and severa l Eas t e rn E u r o p e a n 
countr ies , wh ich has been g rowing s teadi ly over t h e 
pas t years . CERN and var ious USSR labora tor ies h a v e 
exchanged staff, l a t t e r ly w i t h a Russ ian bubb le c h a m b e r 
g roup work ing in CERN for severa l months , and t h e 
Pol ish h igh -ene rgy physics effort, wh ich is of ve ry h igh 
qual i ty , is la rgely sus ta ined by an act ive col laborat ion 
w i t h CERN. The p l anned col laborat ion w i t h S e r p u 
k h o v wil l open t he w a y for la rge-sca le ex tens ions 
in scientific contacts and exchanges w i t h t he USSR, 
g radua l ly p r e p a r i n g t he g round for ve ry ambi t ious 
in te rcon t inen ta l efforts. I t is impor tan t , however , 
to real ize t h a t th is type of col laborat ion can only be 
successful w i t h app rox ima te ly equa l p a r t n e r s : it is not 
a subs t i tu te for a hea l t hy acce le ra tor p r o g r a m m e for 
each cont inent separa te ly , any m o r e t h a n t he bu i ld ing 
u p of CERN can rep lace na t iona l accelera tor cons t ruc 
t ion in Europe . 

1966 Europe , USA: 
1969 S e r p u k h o v (USSR): 
1971 Europe , USA: 

1974 USA: 
1976 E u r o p e : 
1980+ ? 

30 GeV 3 X 10 1 1 protons/second 
70 GeV 10 1 1 protons/second 

I m p r o v e m e n t s to in tens i ty of 
exis t ing 30 GeV mach ines 
Complet ion of ISR at CERN 

200 GeV 10 1 3 protons/second 
300 GeV 10 1 3 protons/second 

1000 GeV ? protons/second 

CERN News 

Council Meeting 
The 33rd Sess ion of the Counc i l was 

held at C E R N on 14 and 15 December 
under the Cha i rmansh ip of Mr. J . H. 
Bannier . The agenda inc luded the 
presenta t ion by the D i rec to r Genera l 
of t he Progress Repor ts on the work 
of the seven C E R N Depar tments 
cover ing the who le of 1966. Th is 
represents a change f rom the t r ad i 
t iona l p rocedure where Progress 
Repor ts were p resen ted at each 
Counc i l sess ion cover ing the p r e c e d 
ing six months. From now on, de ta i led 
repor ts on the fu l l year wi l l be p re 
pared fo r the December meet ing and 
much less de ta i l ed summar ies of the 
f i r s t six months, f o r the June meet ing , 
wh ich co inc ides w i th the pub l ica t ion o f 
the C E R N Annua l Report . 

The budge t of the basic p rog ramme 
fo r 1967 was f i xed , t oge the r w i th a 
f i rm est imate of the budge t for 1968 
and prov is iona l f i gu res fo r 1969 and 
1970. Two impor tan t top ics fo r t h e 
fu tu re of sub-nuc lear phys ics in Europe 
were also d iscussed — the p roposed 
European 300 G e V acce le ra to r and 
co l labora t ion w i th the Serpukhov 
Labora to ry in the USSR where a 
70 G e V pro ton synchro t ron is be ing 
bui l t . 

The Sess ion wi l l be covered in some 
deta i l in the January 1967 issue of 
C E R N C O U R I E R . 

The experimental 
programme 

On 16 November , a 'D iscuss ion 
Mee t ing on the H igh-Energy Physics 
Programme at C E R N ' b rough t t oge the r 
a large ga ther ing of physic is ts f r om 
th roughou t Europe who use the two 
C E R N acce le ra to rs . The aim was to 
present , f o r in format ion and comment , 
the recent , cur rent and near- fu ture 
exper imenta l p rogrammes on t h e 
machines. 

The f i rs t speaker was Dr. Charpak , 
who has recent ly become co -o rd ina to r 
of exper iments at the 600 MeV synchro
cyc lo t ron . He desc r i bed the s i tuat ion 
w i th regard t o beams and exper iments 
at t he S C (see C E R N COURIER, 
Augus t , p. 155). 
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Dr. Charpak was fo l l owed by Profes
sor Van Hove who rev iewed the physics 
s i tuat ion especia l ly in the l ight of the 
results of the Berke ley Con fe rence . 
He l is ted the major areas of interest 
and emphasized top ics where impor
tant quest ions are wai t ing fo r answers 
f rom exper iments. Professor Gregory 
descr ibed the beams and exper iments 
at the 28 GeV proton synchrot ron, 
assigning the exper iments to the i tems 
in the physics l ist of Professor Van 
Hove. W e ment ion here some of the 
impor tant changes in the ar rangements 
fo r beams in the exper imenta l halls 
and some of the fo r thcoming exper i 
ments. 

An impor tant new deve lopment at 
the PS is that a s low e jec ted proton 
beam- l ine (cal led 63) f rom stra ight-
sect ion 62 is near ing comp le t ion . This 
beam-l ine is be ing bui l t in the southern 
half of the East Exper imenta l Hal l 
where the CERN/Mun ich exper iment 
(using beam-l ine d22a) on the e lec t ro 
magnet ic decays of resonances into 
muons came to an end in the f i rs t week 
of December . The new s low e jec ted 
proton beam wi l l p rov ide long bursts 
of par t ic les (hundreds of mi l l iseconds) 

such as are required by e lec t ron ic 
counter exper iments. It wi l l be gu ided 
to targets in the East Hal l and several 
secondary par t ic le beams can then be 
drawn f rom the targets . In add i t ion to 
the increase in the number of avai lable 
secondary beams, the beams wi l l have 
high intensi t ies enabl ing exper iments 
to be comp le ted quicker. Both these 
fac tors wi l l serve to meet the increas
ing demand fo r counter exper iments 
which has been one of the most 
s ign i f icant deve lopments in the PS 
exper imenta l programme over the last 
two years. 

Two exper iments are schedu led to 
begin using e3 early in the new year. 
The f i rs t is an Aachen /CERN co l labo
rat ion to gain fu r ther in format ion about 
the in ter ference of K° long- l ived and 
K° shor t - l ived mesons decay ing into 
two charged pions (see, fo r example, 
CERN COURIER, Oc tobe r 1966, p. 
195). In the new exper iment , wh ich 
wi l l begin in the th i rd week of January, 
the in ter ference wi l l be examined c lose 
to the ta rge t p roduc ing the K mesons. 
The second exper iment wi l l use, in i t i 
ally, an intense pion beam, wi th ener
gies up to 20 GeV, to study the elast ic 

sca t te r ing at w ide angles ( large 
momentum t ransfer) of pions on pro
tons in a hydrogen target . A fur ther 
high energy, high intensi ty p ion beam 
wi l l be bui l t to use e3 f rom July 1967. 

In the nor thern half of the East Hal l 
an add i t iona l beam- l ine (k8) to the 
2 metre hydrogen bubble chamber is 
to be cons t ruc ted for the end of 1967. 
It wi l l p rov ide low energy (1-2 GeV/c) 
K meson beams. It jo ins me (which 
has e lec t ros ta t ic par t ic le separators 
and prov ides K meson beams of 
2-4 GeV/c , p ion beams of over 1 GeV/c 
and ant i -p ro ton beams up to 5 GeV/c ) , 
and U3 (which has rad io- f requency 
par t ic le separators and can prov ide 
K meson beams up to 10 GeV/c) as the 
avai lab le beams fo r the hydrogen 
chamber. A f te r Easter 1967, an add i 
t ional r.f. separator wi l l be added to 
the U3 l ine (which wi l l then be cal led 
U 4 ) to g ive beams of K mesons and 
pions up to 14.5 GeV/c and ant i -
pro tons up to 17 GeV/c . A l l these 
beams are der ived f rom the e jec ted 
pro ton beam e2. 

The usual s teady f low of co l labo
rat ion exper iments involv ing many 
European univers i t ies cont inues on the 
bubb le chambers at CERN. Two which 
wi l l beg in early in the new year use 
the U3 beam and the 2 metre hydrogen 
bubb le chamber. A Hamburg /Padua/ 
Pisa exper iment is scheduled to take 
100 000 p ic tures wi th ant i -protons of 
12 GeV /c ; an Aachen / Berl in / Bonn / 
CERN / K rakow / Warsaw exper iment 
also has 100 000 p ic tures wi th negat ive 
pions at 16 GeV/c . The 2 metre 
chamber wi l l s top operat ion mid-Feb
ruary and wi l l then be prepared fo r 
exper iments , schedu led for the summer, 
using deuter ium as the chamber l iqu id. 

A lso among the coming bubb le 
chamber exper iments is the neutr ino 
exper iment , using the CERN heavy 
l iquid bubb le chamber, which was 
desc r ibed in last month's CERN 
COURIER, toge the r wi th its re lated 
counter exper iment on muon conser
vat ion. These exper iments are sche
du led fo r March 1967 but a l ready the 
fas t e jec ted proton beam which pro
duces the 'neutr ino parents ' is be ing 
used to tes t beam- l ine components . 

W h e n the neutr ino exper iment is 
comp le ted in the autumn of 1967, the 
heavy l iquid chamber wi l l be moved t o 
a new area wh ich is being bui l t behind 
the 2 metre hydrogen bubble chamber 
bu i ld ing . It wi l l be used there fo r an 
exper iment wi th high energy K mesons, 
wh ich have passed through the 2 metre 
chamber. The in teract ions of these 

This photograph taken at the end of November shows alignment of the 
magnetic channel in the northern branch of the slow ejected proton 
beam-line, e 3 , in progress. There are 10 deflecting units in this section 
of e 3 . In the background, a large bending magnet can be seen behind 
which the targets to provide the secondary particle beams will be placed. 
The beam-line is surrounded by the usual sheath of iron and concrete 
shielding to limit the radiation level in the rest of the East Hall. 

236 



high energy par t ic les in the heavy 
l iqu id t end to p roduce a spray of 
par t ic les in a very narrow cone in the 
d i rec t ion of mot ion of the incoming 
par t ic le . For th is reason the exper i 
ment has become known as the 'JET 
exper iment ' and the area to house the 
bubb le chamber as the 'JET area' . 

Pions in medicine 
The ar t ic le on 'E lementary Par t ic les 

in the Serv ice of Man ' in the O c t o b e r 
issue of CERN COURIER ind ica ted 
tha t not many of the recent ly ident i f ied 
par t ic les show promise of p rac t ica l use 
at present. An except ion is the nega
t ive p ion. Beams of these par t ic les 
may become useful fo r t rea tment of 
deep-sea ted inoperable tumours and 
some research on th is poss ib i l i ty has 
been done at C E R N . 

The advantages of p ions fo r the 
des t ruc t ion of mal ignant t issue lie in 
the nature of the i r in terac t ion w i th 
matter. First, the negat ive pions are 
most l ikely to in teract at the end of 
the i r penet ra t ion paths and there fo re , 
if the i r energy is carefu l ly se lec ted , 
they can pass harmlessly th rough 
heal thy t issue to the region of the 
tumour. There, at the end of the i r 
range, they are ' cap tu red ' by nucle i 
and in teract wi th nuclear mat ter emi t t 
ing a high propor t ion of shor t - range 
heavi ly ionizing protons, a lpha-par t ic les 
and nuclear f ragments . S ince such 
react ions are par t icu lar ly dominant in 
e lements such as oxygen, carbon and 
n i t rogen — the main components of 
t issue — a beam of negat ive p ions 
of fers a way of p roduc ing heavi ly 
ioniz ing radiat ion, highly local ized in 
t issue. 

Fur thermore, it has been shown tha t 
tumour cel ls of ten suf fer f rom a lack 
of d isso lved oxygen, and th is makes 
cer ta in tumours resistant to X-rays and 
y-rays wh ich are the most commonly 
used fo r therapy. This res is tance does 
not occur fo r heavi ly ioniz ing radiat ion 
l ike tha t c rea ted at the end of the 
range of negat ive pions. 

No exper imenta l work in t rea t ing 
mal ignant tumours wi th negat ive p ions 
has been done yet. The p ion beams 
avai lab le at present are too low in 
intensi ty for th is purpose. For 
example, the beams f rom the C E R N 
synchro-cyc lo t ron wou ld have to be 
increased in intensi ty by a fac to r of 
more than 100 to be of any prac t ica l 

use. In sp i te of th is , several useful 
invest igat ions of the feas ib i l i ty of p ion 
beams fo r therapy have already been 
car r ied out by the Heal th Physics Group 
at C E R N . These invest igat ions have 
covered dep th and isodose d is t r ibu t ion 
of a 70 M e V negat ive pion beam 
absorbed in water, average ionizat ion 
densi t ies at var ious penetrat ion depths, 
and a study of the radiat ion doses f rom 
the nuclear react ions at the end of the 
p ion range. This last prob lem is also 
of cons iderab le interest fo r the radi 
a t ion -p ro tec t ion of peop le using h igh-
energy acce lera tors . 

The results ob ta ined so far look 
promis ing and are inspir ing more 
exper imenta l work, inc lud ing tests 
using b io log ica l mater ials. 

Computers 
The C D C 6600 computer has been 

running s teadi ly and the per fo rmance 
in recent weeks has been somewhat 
improved. Luc io le and HPD I, the two 
types of au tomat ic measur ing machine 

fo r bubb le chamber and opt ica l spark 
chamber pho tographs , have been run
ning successfu l ly in paral le l connec ted 
to the computer . The smal ler C D C 
3800 compu te r has been running very 
wel l a lmost cont inuous ly . 

The organ izat ion of the users of the 
C D C 6600 ser ies (VIM) held its f i f th 
meet ing in Dal las, USA in Oc tober . 
Most users appear to be wel l sat is f ied 
wi th the per fo rmance of the 6600, and 
many of them are p lanning to ex tend 
the i r compu t ing fac i l i t ies based on th is 
computer . For example , the Brook-
haven Labora tory is p lanning a system 
involv ing two 6600s connec ted to an 
ex tended core s tore. 

C D C have agreed to extend the t ime 
for wh ich C E R N has an opt ion on a 
6400 compu te r unti l 15 January 1967. 
If the 6400 meets CERN's requ i rements 
on re l iabi l i ty it may be brought in as 
CERN's secondary compute r wi th the 
advantage that it is fu l ly compat ib le 
wi th the ex is t ing 6600. The 3800 wi l l 
stay longer at C E R N , cer ta in ly unt i l 
wel l into 1967. 

Inside the Faraday cage of the pre-injector of the proton synchrotron. 
At the extreme top right of the photograph, can be seen part of the 
upper termrna! of the Cockroft-Walton generator which provides the 
voltage to give the protons their first acceleration to an energy of 
550 keV. In the far corner, stands the reserve electrostatic generator. 
En the foreground, the improvised beam-loading compensation capacitor 
is being earthed. 
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New appointments 
A t the 33rd Session of the C E R N 

Counc i l on 15 December some major 
new appo in tments were made to senior 
pos i t ions in the organ izat ion of C E R N , 
to take e f fec t f rom the beg inn ing of 
1967. The most impor tan t of t hem was 
the e lec t ion of Dr. G. Funke (Sweden) 
to be Pres ident of the Counc i l in 
success ion to Mr. J. H. Bannier (Nether 
lands) who has been Pres ident f o r the 
past th ree years and is the re fo re not 
e l ig ib le f o r re -e lec t ion . Mr. Bannier 
has led the Counc i l w i th g rea t d is t inc
t ion and at th is , his f ina l session in the 
Chair , he presented his proposa ls in 
connec t ion wi th the p rog ramme of 
work on the p roposed 300 G e V acce
lerator wh ich , by themselves, wou ld 
earn him the admi ra t ion and gra t i tude 
of the communi ty of European phys i 
cists. Both the Counc i l and the 
D i rec to r Genera l recorded the i r appre 
c ia t ion of his work and a fu l le r and 
more f i t t i ng t r ibu te wi l l be pa id in the 
next issue of CERN COURIER. 

Dr. Gos ta Funke is no s t ranger to 
CERN s ince he has represented 
Sweden as de lega te to the Counc i l 
s ince the beg inn ing of the Organ iza t ion 
and has served as Pres ident of the 
F inance Commi t tee . He is also 
act ive in o ther in ternat ional o rgan i 
zat ions be ing Pres ident of the Counc i l 

of ESO (European Southern Observ 
atory) wh ich is bu i ld ing a large 
European observatory in Chi le . Dr. 
Funke l ives in S tockho lm where he 
was born in 1906. He s tud ied phys ics 
there at the Univers i ty and ob ta ined 
his doc to ra te fo r research on the 
spec t rum of acety lene. He then 
taugh t at the Techn ica l Co l l ege of 
No r rkop ing . In 1945, he moved into 
sc ien t i f i c admin is t ra t ion becoming 
Secre ta ry Genera l of two research 
Counc i l s in Sweden — the Nat iona l 
Counc i l f o r Sc ien t i f i c Research and 
the Counc i l f o r A tom ic Research. 
C E R N has there fo re an exper ienced 
and wel l qua l i f ied successor to fo l l ow 
Mr. Bannier . 

H.E. Mr. J . Giust i del G iard ino , f r om 
Italy, and Mr. J. Mar t in , f rom France, 
were e lec ted as V ice Presidents of the 
Counc i l in success ion to Dr. Funke and 
Sir Harry Melv i l le (U.K.). 

Final ly the Counc i l approved the 
appo in tment of Mr. H. Lapor te (France) 
as Head of the Techn ica l Serv ices 
and Bui ld ings Div is ion. 

Wh i l e on the sub jec t of new appo in t 
ments, we fo rward our congra tu la t ions 
to M. Andre Chavanne, who leads the 
Swiss de legat ion to the CERN Counc i l , 
on his e lec t ion to the Pres idency of 

the Conse i l d 'Etat of Geneva f rom 
1 December . 

Advanced 
training course 

A t a smal l ceremony organized at 

C E R N on 8 December , 32 crane 

dr ivers and car dr ivers work ing at 

C E R N , rece ived cer t i f i ca tes at the end 

of an advanced t ra in ing course wh ich 

they had f o l l owed in 1965 and 1966. 

Severa l senior staff members of C E R N 

and of the Ecole Super ieure Techn i 

que, Geneva a t tended the ceremony 

inc lud ing E. Le imgruber , D i rec to r of 

the Cours spec iaux du Bat iment f rom 

the Geneva Cours Industr ie ls du Soir, 

P. T i r ion , ad in ter im Head of the Tech 

nical Serv ices and Bui ld ings Div is ion, 

G. Vanderhaeghe , Head of the Tra in 

ing and Educat ion Sec t ion at C E R N , 

G. Leskens, represent ing the Safety 

Sec t i on , J . Mat theuws, represent ing 

the Personnel Div is ion and other lec

turers f rom the Cours Industr ie ls du 

Soi r and f rom C E R N . 

This course was organized jo in t ly 
by the Tra in ing and Educat ion Sec t ion 
and the Geneva Cours Industr ie ls du 
Soir . It has p rov ided the C E R N dr ivers 
w i th 44 hours of theore t i ca l and prac
t ica l advanced t ra in ing. They t ook 
th ree examinat ions to ach ieve the i r 
cer t i f i ca tes . 

Tests continuing on the prototype vacuum 
chamber for the intersecting storage rings. It 
is here mounted inside the dummy of a long 
magnet unit. In the right-hand top corner can 
be seen an ion pump, two Bayard-Alpert gauges 
and a calibrated orifice for gas desorption 
measurements. 
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The course was des igned to enable 
t h e crane dr ivers and car dr ivers to 
acqu i re , by a var ied course of dai ly 
p rac t i ce , an increased fami l iar i ty wi th 
all the s i tuat ions they are l ikely to 
meet in the i r work. Its aim was to 
comp le te thei r t ra in ing , for most of 
t hem by pract ica l exper ience , and to 
enab le them to acqui re sys temat ica l ly 
t h e knowledge which wi l l he lp them 
t o meet the requi rements of the i r 
Increas ing work at C E R N , espec ia l ly 
in the i r s i te work and in the mani 
pu la t ion of thei r veh ic les . 

KM bumps 
In the O c t o b e r issue (p. 196) we 

repor ted an exper iment done by the 
Go ldhaber group at Berke ley wh ich 
analysed bubb le chamber pho tographs 
o f pos i t ive kaons on hydrogen. The i r 
results ind ica ted that the apparent 
resonance seen in the posi t ive kaon-
p ro ton cross-sect ion in an ear l ier 
B rookhaven exper iment using e lec t ro 
nic counters , cou ld be exp la ined, at 
least fo r the most part, as be ing due 
to p roduc t ion of other par t ic les — an 
inelast ic e f fec t as opposed to a t rue 
resonance. This was con to r t ing s ince 
the posi t ive kaon-pro ton and pos i t ive 
kaon-neut ron ' resonance ' , also ob 
served in the Brookhaven exper iment , 
wou ld require an under ly ing mode l 
wh ich uses more than three quarks. 
W e repor ted at that t ime that there 
was insuf f ic ient data on the pos i t ive 
kaon-neut ron system to expla in away 
tha t ' resonance ' in a s imi lar way. 

Results f rom a C E R N exper iment 
were repor ted at the Berke ley C o n 
fe rence which inc luded in format ion on 
th is p rob lem. They have s ince appeared 
as a let ter in Nuovo C imento . 

The CERN exper iment was done by 
the ' K + g roup ' which was a co l labo
rat ion between CERN and the Labora-
to i re des Hautes Energies, Inst i tut 
In terunivers i ta i re des Sc iences Nuc le 
a t e s , Brussels. They used the 81 
cen t imet re hydrogen bubb le chamber 
and posi t ive kaon beams wi th momenta 
f rom 3 to 5 GeV/c . They observed a 
bump at 1.2 GeV/c posi t ive kaon 
momentum which cou ld be mistaken 
fo r a resonance. But they were able 
to show that it consists of cont r ibu t ions 

f rom four two -body in teract ions wh ich 
amounts to the same explanat ion as 
that g iven by Go ldhaber in his analysis 
of the posi t ive kaon-pro ton system. 

Fur thermore, an extensive search fo r 
the poss ib i l i ty of Y = + 2 , B = + 1 
resonance has been comp le ted by the 
K + g roup in the analysis of about 
30 000 ident i f ied in teract ions. No s ign i 
f i can t ev idence fo r such a resonance 
was found . 

CoIIoquia 
Two co l loqu ia wi l l be held at CERN 

in January. A t the f i rs t , on Tuesday 
24 January, the speaker is Professor 
J. Vo lger f rom Phi l ips, Eindhoven and 
the sub jec t of his ta lk is ' Induct ion 

Phenomena in Superconduc to rs ' . 
Some prev ious knowledge of physics 
wi l l be assumed in th is ta lk. A t the 
second , on Thursday 26 January, the 
speaker wi l l be Professor E. Gat t i f rom 
the Ist i tuto di Physica, Mi lano. 

Tribute to Dr. Schoch 
It was announced on 21 November 

that Dr. A rno ld Schoch , Leader of the 

Acce le ra to r Research Div is ion is to 

leave C E R N to take up an appoin t 

ment as Professor at Kar lsruhe. A t the 

end of the 33rd Sess ion of the C E R N 

Counc i l , the Pres ident , Mr. J. H. Ban-

nier paid par t icu lar t r ibu te to Dr. 

Schoch and expressed the gra t i tude 

of C E R N for his work, especia l ly for 

The tuning-capacitor assembly of the r.f. cavity for the intersecting storage rings. 
It consists of 23 vacuum capacitors, 22 ferrite rings and 2 vacuum relays all 
positioned around the metal-ceramic vacuum seal that forms the accelerating gap. 
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the important cont r ibut ion he has 
made to the study of future acceler
ators. 

Dr. Schoch arr ived at CERN in 1954 
from the Universi ty of Heide lberg . 
Af ter some years in the Proton 
Synchrotron Division he became the 
f i rst Leader of the Acce le ra to r 
Research Division when it was formed 
in 1961 from the accelerator research 
group of the Proton Synchrotron 
Division. For the past six years, the 
AR Division has been mainly con
cerned with the next generat ion of 
accelerators. It p roduced the f i rst 
design studies for the intersect ing 
storage rings now being bui l t at CERN 
and also for the proposed European 
300 GeV accelerator , d id the prel iminary 
work on the radio- f requency separators, 
operated the electron storage ring 
model , CESAR and carr ied out other 
'general studies' in accelerator 
physics. It has been unique in CERN 
in having three Division Leaders, 
K. Johnsen, A. Schoch and C. J. Zi lver-
schoon, who jo in t ly assumed responsi
bi l i ty for pol icy dec is ion and in turn 
assumed the administrat ive responsi
bi l i t ies of Division Leader fo r one year 
at a t ime. 

When the ISR pro jec t was approved 
by the CERN Counci l at the end of 
1965 the ISR Division (now the ISR 
Construct ion Department) was set up 
under Dr. Johnsen wi th Dr. Zi lver-
schoon as Deputy Division Leader, to 
take charge of the pro ject . Most of 
the people involved in the prel iminary 
ISR work had also concerned them
selves with, the 300 GeV pro jec t and it 
was therefore logical to include the 
cont inuing work on the 300 GeV 
machine also under the ISR Depart
ment. Thus the act iv i ty of the AR 
Division was substant ial ly reduced. 

Fol lowing Dr. Schoch's departure 
the remaining act iv i t ies of the AR 
Division are to be t ransfered to the 
Intersect ing Storage Rings Construc
t ion Department. The work wi l l be 
d iv ided into two groups wi th in the 
ISR Department. One, under M. Pentz, 
wil l cont inue research with CESAR 
until the end of 1967, when it is planned 
to close down the model . The other 
group wi l l be under F. Schneider 
concerned with general studies. 

W e forward our very best wishes to 
Dr. Schoch fo r his future career and 
echo the t r ibute of Mr. Bannier for the 
part he has played in some of the most 
important work emerging f rom CERN 
in recent years. 

BOOKS 
Theory of Cyclic Accelerators, by A. A. Kolomensky 

and A. N. Lebedev , t r ans l a t ed from the Russian by M. Bar-
b ie r ( C E R N ) ; (Ams te rdam, Nor th -Ho l l and Publ i sh ing Com
pany , 1966, 420 pages, gui lders 48) . 

The enhanced p e r f o r m a n c e of cyclic acce lera tors and the 
b e t t e r u n d e r s t a n d i n g of t h e m belong toge ther . Al though 
some p h e n o m e n a , such as space charge , are still under 
inves t iga t ion , t he basic concepts a re well es tabl ished. The 
purpose of this book is to summar ize these concepts and 
presen t a unif ied theory of cyclic acce le ra tors which was 
not readi ly avai lable at t h e t ime it was first publ i shed 
(1962). Even now, t he book is ou t s t and ing in the thorough
ness wi th which the s implif ied equa t ions , which are normal ly 
used, are deve loped from the basic laws. 

The first c h a p t e r reviews t he deve lopmen t of acce lera tors 
and the i r role in m o d e r n physics , and out l ines the basic 
pr inc ip les . These a re t a k e n as: t he charac ter i s t ics of t r ans 
verse (be t a t ron ) mo t ion , t he long i tud ina l ( synchro t ron) 
mot ion , in jec t ion and eject ion. The nex t t h r ee chap te r s 
t r ea t t he first two of these p h e n o m e n a in more de ta i l . 
Chap te r s 2 and 3 deal wi th b e t a t r o n mot ion in ideal and 
p e r t u r b e d magne t i c fields respect ively . Unfor tuna te ly , t he 
no t ions of emi t t ance and accep tance are omi t ted , and the 
t r e a t m e n t of numer i ca l m e t h o d s is r a t h e r brief. The b e a m 
behav iour u n d e r ad iaba t i c va r i a t ion of p a r a m e t e r s and in t he 
presence of l inear and non- l inear resonances is well t r e a t ed . 
Chap te r 4 is t he last of t he chap te r s devoted to basic p r in 
ciples and conta ins t he t h e o r y of long i tud ina l mot ion (syn
ch ro t ron osci l la t ions, b e t a t r o n acce le ra t ion ) . 

Wi th Chap te r 5, t h e subject m a t t e r becomes more spe
cialized, deal ing wi th the synch ro t ron r ad ia t ion emi t ted by 
e lec t rons in cyclic acce le ra tors , for which the theory is com
ple te . These effects a re of p r i m e i m p o r t a n c e since they 
over r ide t he n o r m a l ad iaba t i c damping . Similarly, effects, 
such as sca t t e r ing by res idua l gas, have to be t aken in to 
account . This is one of t he topics covered in Chap te r 6 
u n d e r the genera l h e a d i n g of ' P a r t i c l e losses caused by 
r a n d o m per tu rba t ions . . . ' T h e final chap te r is devoted to the 
dis t inct ive fea tures of t he var ious types of acce lera tor . 
After a concise desc r ip t ion of t h e m o r e convent iona l ones, 
the theory of t h e F F A G types and s tochast ic acce lera t ion is 
ou t l ined . 

T h e append ices con ta in a few t i tb i t s such as the th ree -
d imens iona l equa t ions of mot ion , which in the i r l inear ized 
form are the basis for t he theo ry of b e t a t r o n mot ion . 

The tex t of book is suff icient ly de ta i led to lead bo th t h e 
s tuden t and the special is t to a d e e p e r u n d e r s t a n d i n g of t h e 
p h e n o m e n a . The l i t e r a t u r e quo ted and the references to 
exis t ing acce le ra to r s have no t been u p d a t e d since t he 
or ig inal pub l i ca t ion . This is no t a ser ious d rawback because 
t he book deals wi th well es tabl ished concepts . There a re 
many examples and d iag rams to i l lus t ra te and expla in the 
theory . Acce le ra to r physic is ts and engineers will cer ta in ly 
find it an advan tage to have th i s book avai lable . 

W. H. 
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Nuclear Interactions of the Hyperons, by R. H . Da l i t s 
(Oxford Univers i ty Press , 1965, 34 sh . ) . 

T h e field of h y p e r n u c l e a r spec t roscopy is sti l l open , 
because compara t ive ly l i t t le de ta i l ed i n f o r m a t i o n has been 
o b t a i n e d f rom t h e small n u m b e r of even ts analysed so far . 

D u e to t h e very shor t l i fe t ime of t he h y p e r o n s ( abou t 1 0 - 1 0 s 
or less) , t h e p a t h - l e n g t h t r ave r sed by a h y p e r o n is very 
s h o r t c o m p a r e d wi th t h e average p a t h - l e n g t h for coll is ion 
in l iquid hyd rogen . T h e s tudy of t h e h y p e r o n - n u c l e o n 
i n t e r a c t i o n is t h e r e f o r e very di f f icul t to p e r f o r m d i rec t ly 
f rom h y p e r o n - p r o t o n coll is ions. I n s t e a d , t h e h y p e r o n - n u c l e o n 
i n t e r a c t i o n can be s tud ied ind i r ec t ly by inves t iga t ing t h e 
b i n d i n g of A h y p e r o n s in nuc le i . Hopefu l ly , these s tud ies can 
also yield u n i q u e i n f o r m a t i o n on nuc l ea r s t r u c t u r e . 

R e g a r d i n g t he e x p e r i m e n t a l s i tua t ion , it is p e r h a p s 
s igni f icant t h a t all t h e da t a and discuss ion in t h e l ec tu res 
i n th i s book a re genera l ly r e l evan t today , in spi te of t he fact 
t h a t t he lec tu res were given in 1961. T h e book serves as an 
exce l l en t i n t r o d u c t i o n for those who w a n t to en te r th is field, 
t heo r e t i c a l l y or expe r imen ta l l y , or for those who w a n t a 
c o m p r e h e n s i v e review of t h e p r e s e n t s t a t e of t he a r t . 

T h e l ec tu res a re d iv ided in to two p a r t s : one which dis
cusses t h e b ind ing-ene rgy d a t a phenomeno log ica l ly , and 
o n e w h e r e t h e h y p e r o n - n u c l e o n i n t e r a c t i o n is discussed by 
use of m o r e soph is t i ca ted m e t h o d s . 

T h e ( A H 4 , A H e 4 ) h y p e r n u c l e i fo rm an isospin doub l e t 
(I = V 2 ) . Any di f fe rence in t h e b ind ing-energ ies for t he se 
m i r r o r nuc le i would p rov ide a tes t of cha rge symmet ry in t h e 
A -N in t e r ac t i on . T h e da t a given in t h e lec tu res suggests a 
s l ight , b u t no t s ignif icant , d i f fe rence in t h e b ind ing of t h e A 
h y p e r o n in t h e nuc le i A H 4 and A H e 4 . However , t h e va lues 
a r e based on very p o o r s ta t i s t ics (1961) . B ind ing -ene rgy 
va lues quo ted a t t h e V a r e n n a S u m m e r School ( Ju ly 1966) 
a r e ob t a ined from m u c h b e t t e r s ta t i s t ics and they i nd i ca t e 
t h a t charge symmet ry is conserved in t h e A -N i n t e r a c t i o n . 
However , B A de r ived from m a n y - p a r t i c l e n~ decay m o d e s 
a re still sys temat ica l ly lower t h a n B A f rom t h e two-body 
m o d e . Unt i l th is po in t has b een c lar i f ied, no safe s t a t e m e n t 
can be m a d e abou t charge s y m m e t r y conse rva t ion . 

T h e i m p o r t a n c e of y -ray spec t roscopy of h y p e r n u c l e i is 
emphas i zed , as a m e a n s of o b t a i n i n g i n f o r m a t i o n of the 
energy- level s t r u c t u r e in t h e h y p e r n u c l e i . A L i 7 is t h e 
l ightes t h y p e r n u c l e u s for which we can be reasonab ly ce r t a in 
t h a t s table s ta tes exist . 

T h e second p a r t of t he l ec tu res con ta ins a t h o r o u g h 
t h e o r e t i c a l discussion of t h e h y p e r o n - n u c l e o n forces . Much 
of t h e discussion is t r e a t e d in t h e l ight of u n i t a r y sym
m e t r y . No ca lcu la t ion of t h e A -N i n t e r a c t i o n , to inc lude all 
the meson exchanges a p p r o p r i a t e to SU (3) symmet ry , has ye t 
been p e r f o r m e d . 

At t h e end, t h e a u t h o r gives a long list of p r o b l e m s to be 
s tud ied in t h e fu tu re . A A H e 6 is given as an e x a m p l e of a 
nuc leus by which t he A - A i n t e r a c t i o n can be s tud ied . Very 
recen t ly , t h e A A H e 6 nuc leus was un ique ly iden t i f i ed a t 
UCLA. I t is of grea t i n t e re s t to c o m p a r e ca lcu la t ions and 
e x p e r i m e n t a l da t a for t h e A- A and A -N in t e r ac t i o n . T h e 
ca lcu la ted sca t t e r ing p a r a m e t e r s a re qu i t e sensi t ive to t he 
h a r d - c o r e r ad ius assumed for these i n t e r ac t i ons . 

I t is usual ly assumed t h a t t he same ha rd -co re r ad ius ho lds 
for t he A - A and t h e A-N systems in t h e 1 So-state . Poss ib le 
reasons why t h e p r e s e n t h y p e r n u c l e a r ca lcu la t ions m a y be 

i n a d e q u a t e a re t h e p r e s e n c e of a t enso r c o m p o n e n t , a s t rong 
th ree -body A N N p o t e n t i a l , e tc . All these aspects a re 
discussed in t h e lec tu res . 

An in t e r e s t i ng p r o p o s a l for t h e s tudy of heavy hyper 
nucle i is m e n t i o n e d . Nega t ive K mesons would be c a p t u r e d 
in u r a n i u m which f issions; one of t h e ene rge t i c f ragments 
would p r e s u m a b l y be a la rge A h y p e r n u c l e u s , wi th a con
s iderab le p a t h - l e n g t h in an emuls ion . S tudies of this t y p e 
of i n t e r a c t i o n and m a n y o t h e r s m u s t wa i t for m o r e in tense 
K~ beams . I n the m e a n t i m e , one can p r e p a r e oneself 
eff icient ly by r e a d i n g t h e l ec tu res of Pro fesso r Dal i tz . 

S. Nilsson 

'Introduction a Foptique corpusculaire', by Noel J . Fel ic i 
(Par i s , G a u t h i e r Vi l la r s , 1965; 12 F r . f r . ) . 

This shor t book (130 pages) is p a r t of t h e genera l effort 
be ing m a d e in F r a n c e to m o d e r n i z e t h e old t each ing m e t h o d s 
symbolized by those large , ind iges t ib le and exhaus t ive 
t rea t i ses wh ich all f o r m e r s t u d e n t s of t he Ecole Poly-
t e c h n i q u e r e m e m b e r wi th a s ink ing h e a r t . 

Af ter a shor t i n t r o d u c t i o n , t h e w r i t e r dea ls wi th va r i a t i on 
p r inc ip les , which he app l i e s f irs t to e l ec t ros t a t i c and t h e n 
to magne t i c op t ics . This is fol lowed by a series of p rac t i ca l 
examples d iv ided in to t h r e e sect ions —- P r i s m s ; T h e effect of 
space charge , and Q u a d r u p o l e lenses . T h e conclus ion covers 
Liouvi l le ' s t h e o r e m and i ts app l i ca t i ons and t akes up only 
four pages . 

The a u t h o r is an e x p e r t on e lec t ros ta t i c s , and th is b ias 
p e r h a p s m a k e s t h e book less app l i cab l e to t h e everyday 
p r o b l e m s in h igh-energy physics a t CERN, b u t it t h rows new 
light on c o m m o n p r o b l e m s . H e uses e l e m e n t a r y examples , 
gives full* m a t h e m a t i c a l t r e a t m e n t and k e e p s close to t he 
physica l m e a n i n g of t he d i f f e ren t p r inc ip l e s which he 
appl ies . This m e t h o d is all t h e m o r e va luab le since i t p ro 
vides a series of example s of s imple app l i ca t i ons of var ia
t ion p r inc ip l e s . 

The i n t r o d u c t i o n of t h e p r inc ip l e s of M a u p e r t i n and 
H a m i l t o n is of special i n t e re s t . Howeve r , i t is r e g r e t t a b l e 
t h a t t h e r e is no list of r e fe rences , all t h e m o r e so since th i s 
is an i n t r o d u c t o r y book . 

In conclus ion, i t can serve first as an i n t r o d u c t i o n and 
t h e n as a r e f e rence b o o k for t h e a p p l i c a t i o n of m o d e r n 
m e t h o d s of ca lcu la t ion to a series of e l e m e n t a r y p rob l ems . 
I t does no t cover t h e s tudy of t h e m o r e complex p rob l ems 
involved in acce le ra to r s . I t is p r e s e n t e d in a fo rma t which 
m a k e s it easy to consul t . 

Y. B. 

Radioactivity in human diet, ed i t ed by R. Scot t Russel l 
(Oxford, P e r g a m o n P re s s Ltd . , 1966, 60 sh . ) . 

Var ious a u t h o r s , each a specia l i s t in a p a r t i c u l a r aspect 
of t h e subject , have p r e s e n t e d t h e la tes t da t a on rad io 
act ive e l ement s , b o t h n a t u r a l and ar t i f ic ia l (from fa l l -out ) , 
in h u m a n food. F o o d cha ins a re be ing inves t iga ted , b o t h on 
dry land and aqua t i c . T h e e n t r y of r ad ioac t i ve e l ements in 
soil, sea w a t e r and fresh wa te r , as well as t he i r bu i ld -up 
in p l an t and an ima l foods and t h e i r r e t e n t i o n in t he h u m a n 
body a re s tud ied q u a n t i t a t i v e l y . This book is an excel lent 
review of t he subject which should i n t e r e s t doc to r s and 
physic is ts and should also i n t e r e s t po l i t i c i ans . 

M. Barbier 
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A lso r e c e i v e d : 

The theory of neutron slowing down in nuclear 
reactors, by J . H . F e r z i g e r and P . F . Zweife l (Oxford , 
P e r g a m o n P r e s s Ltd . , 1966, 80 sh . ) . 
Quantum statistics and cooperative phenomena, by 
J . G. K i r k w o o d , ed i t ed by F . S t i l l inger (New Y o r k , 
G o r d o n and B r e a c h Science P u b l i s h e r s , 1965, $> 4.95 p a p e r , 
$ 8.00 c l o t h ) . 
Analytical chemistry, vol. 6, e d i t e d by D. G. S t e w a r t and 
H. A. E l ion (Oxford , P e r g a m o n P r e s s Ltd . , 1966, 90 sh . ) . 
Tritium and its compounds, by E. A. Evans (London , 
B u t t e r w o r t h and Co., 1966, 100 sh . ) . 
Reviews of plasma physics, ed i t ed by M. A. Leon tov i ch , 
t r a n s l a t e d by H . Lash insky (New Y o r k , P l e n u m P u b l i s h i n g 
Co., 1966, $ 12.50) . 
Law and administration vol. 4, ed i t ed b y J . L. W e i n s t e i n 
(Oxford , P e r g a m o n P r e s s L td . , 1966, 100 sh . ) . 
An atlas of models of crystal surfaces, by J . F . Nicho las 
(New Y o r k , G o r d o n and B r e a c h Science P u b l i s h e r s , 1965) . 
Mechanical working of steel 2, ed i t ed by T. G. B r a d b u r y 
(New Y o r k , G o r d o n and B r e a c h Science P u b l i s h e r s Inc . , 
1965, c lo th $ 27.50, p a p e r $ 14.50) . 
The Sorby centennial symposium on the history of 
metallurgy, ed i t ed by Cyri l S tan ley Smi th (New Y o r k , 
G o r d o n and B r e a c h Science P u b l i s h e r s Inc . , 1965, profes 
s ional e d i t i o n ) . 

Precipitation from iron-base alloys, ed i t ed by G. R. 
Speich and J . B . Cla rk (New Y o r k , G o r d o n and B r e a c h 
Science P u b l i s h e r s Inc . , 1965, c lo th $ 2 1 , p a p e r $ 8.50). 

W i r i n g a n d A s s e m b l y 
Phone 

4 1 2 6 1 8 

for a visit by our special ist engineers. Our 

personnel attention to your problem ensures 

rapid complet ion of instruments or sub

assemblies from prototypes or drawings. 

Single units or product ion batches t reated 

with equal enthusiasm. 

41 , avenue de Vaudagne 

M E Y R I N 

Rjjuhnr 
I electponiqTTi SCHLUMBERGER 

A capital development in design of panel 
electrical measuring instruments 

Digital panel indicator A . 1454 
square f lange instrument 1 2 0 x 1 2 0 

GENERAL CHARACTERISTICS : 
Accuracy over a temperature range of 0-50°C : 
— for direct current : ± 0.2% of full scale (class 0.2) 
— for alternating current, in the frequency range from 

30 c/s to 5 kc/s : 0.5 % of full scale (class 0.5) 
Definition for analogue-to-digital conversion : 1000 to 
2000 bits, according to range. 
Direct display on 4 digital tubes (point and unit display). 
Preset measuring rate ; 
— either 3 measurements/second 
— or external control by closing of an electric circuit. 
Response time at 0.2 % : 1 second (approximately). 
Insulation from ground : U.T.E. standards. 
External reference voltage to provide for utilization as a 
Quotient Meter: 
5V ± 20% (drain : approximately 1 mA). 
Transcription (on request). All models A 1454 can be 
equipped with a transcription output. 

O u r c o m p a n y , as t he Sw iss sa les o rgan i sa t i on of 
t he S c h l u m b e r g e r G r o u p , a lso r ep resen t s t he 
in te res ts o f t he f o l l o w i n g m a n u f a c t e r s : W E S T O N 
(Rotek , B o o n s h a f t and Fuchs , T rans i co i l ) , 
S O L A R T R O N , H E A T H , E M R , A C B , S E M A C , 
T O L A N A , L E G P A , LE B O E U F , K I N T E L , 
Q U E N T I N . 

I n f o r m a t i o n , s a l e s , s e r v i c e : 

S C H L U M B E R G E R g e n e v e 
INSTRUMENTATION S.A. Z u r i c h 
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efectrotechnique 

Le connecteur miniature LEMO (00C50) permet de multiples possibilites d'utili-
sation. Le schema ci-dessus indique les differents modes de connection entre la 
fiche (F) et les raccords. Son encombrement minime et son faible poids en font 
un connecteur universel pour cables coaxiaux d'un 0 maximum de 3 mm. Isolation 
en teflon (PTFE). Contacts dores. 

La Direction de 
Lemo S.A. Morges 
presente a ses 
clients et amis 
ses meilleurs 
voeux pour 
1967 



high resolution gamma ray spectroscopy 
featuring 
LITHIUM DRIFTED GERMANIUM 
AND SILICON DETECTORS 
Low Noise Electronics • Cryostats 

£ L i th ium dr i f ted ge rman ium detectors of large 
sensi t ive vo lume and h igh reso lu t ion . 

0 L i t h ium dr i f ted s i l i con detectors of rugged 
cons t ruc t ion for r o o m tempera ture and cooled 
opera t ion . 

0 Comple te semiconduc to r detector assembl ies 
integrated w i th cryostat , l iqu id n i t rogen dewar and 
vacuum system, and featur ing bui l t - in coo led low 
no ise FET preampl i f ie rs . 

0 Comple te e lec t ron ic sys tems of the h ighest 
per formance bui l t f r om f lex ib le Ed inburgh Ser ies 
modu les to sui t each exper iment . 

0 H igh reso lu t ion , h igh stabi l i ty mu l t i -channe l 
analysers (up to 4096 channels) to match reso lu t ion 
of detectors . 

£ Specia l an t i -Compton systems featur ing sc in t i l 
lator sh ie lds w i th comple te assoc ia ted e lect ron ics 
bui l t to your spec i f i ca t ion . 

Below: Complete Ge(Li) Spectrometer showing: (left to right) Edinburgh Series low noise electronics, Laben 1024-multichannel analyser, ion 
pump control unit, NE 5601 Cryostat and Ge(Li) detector with NE 5287 Preamplifier, a 1-litre-per-second ion pump, cryosorption pump and 
vacuum gauge. 

Write for full details of the most versatile and complete systems available for high resolution 
gamma ray spectroscopy to 

NUCLEAR ENTERPRISES (G.B.) LTD 
Sighthill, EDINBURGH I I , Scotland. Tel: CRAiglockhart 4060. Cable:'Nuclear Edinburgh' 

Canadian A s s o c i a t e : Nuclear Enterprises Ltd. , 550 Berry Street , W i n n i p e g 2 1 . © 
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Two new amplifiers* further increase capability of M100 system 
A N 1 0 9 B IASED AMPLIFIER - This is a versatile, direct-coupled 
biased amplifier with a built-in linear gate. Because of its exceptionally 
clean gating characteristics and outstanding linearity down to the 
bias level, you can use it to expand the effective resolution of your 
present pulse-height analyzer by more than an order of magnitude. 
The AN109 offers: 
• Input ranges of 0 to — l.Ov and 0 to —10.Ov 
• Post bias gain of XI, X2, X4, X8, X10, X16 
• Bias range from 0 to 100% of input range 
• Full-scale outputs of + l v , — lv, +10v, —10v 
• Good overload recovery of inputs and outputs 
• Output rise time selectable 0.1 /isec or 1.0 /ustc 
• Total direct coupling eliminates rate dependence 

AN110 INTERFACE AMPLIF IER - This general-purpose amplifier is 
designed to facilitate interfacing between linear instruments having 
different linear signal ranges. Among its outstanding features are: 

• Gain adjustable in 0.1 steps between XI.0 and X10.9 
• Bipolar output capability of =bl0v (current limited to ±30ma.) 
• Switch selected signal inversion 
• Bridging input 
• Switch selected output rise time 
• Non-overloading operation 
• Load-stable output 
• Total direct coupling 
• Low cost 

EG&G modular instruments are now available in a NIM compatible package (NBS-AEG TID-20893, revised). For application notes and 
specifications on the entire M100 Counting System, contact: EG&G, Inc., Salem Laboratory, 40 Congress Street, Salem, Massachusetts 01970. 
Phone: (617) 745-3200. Field Offices: Chicago, III, Phone: (312) 237-8565; Palo Alto, CaL, Phone: (415) 327-8328. Representatives in most 
foreign countries. 



MODULAR 
POWER 
SUPPLIES 

a +n 100 VoltS 

Very high stability 
AH Silicon 

44 29 40 

31, AVE. 
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Precision Control for Nuclear Accelerators 
The new English Electric 120kV triple-gap thyratron, CX1171, is unique. With it, nuclear accelerators can 
be controlled more precisely, more predictably, than with any other device. The greater precision of 
accelerator operation that results is due to three important features of the tube: extremely low time 
jitter of about Ins, low anode delay time and triggering with a 2\x$, 500V pulse. The CX1171 can be used 
at high repetition rates. Two tubes in parallel will allow switching of even higher powers and longer 
pulses. Of rugged ceramic construction, the CX1171 is deuterium filled and incorporates a reservoir 
operated from a separate heater supply. For further details please get in touch wi th: 

ENGLISH ELECTRIC V A L V E C O M P A N Y L IMITED 
CHELMSFORD, ESSEX, ENGLAND. TELEPHONE: CHELMSFORD 61777 TELEX: 99103 
or W. F. ROSCHI, TELECOMMUNICATION SPITALGASSE 30, 3000 BERN SWITZERLAND. TEL: (031) 22 55 33 TELEX: 32137 
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Model 116 allows analysis of desired signals in the presence of high background noise. Fast and stretched outputs are compatible 

with all conventional pulse height analyzers. Stability, reliability and quality are at NANOLOGIC levels. 

Input Data 
SPECIFICATIONS 

Number of Inputs: Two (BNC) 
Signal Level: 0 to ± 1 V ; 2 nsec or wider 
Gate Input: — 3 0 0 mV ± 5 0 mV for 5 nsec or more; DC-coupled 
Input Impedance: 50 ohms constant , both inputs 
Reflection: ± 1 0 % max., gate open or c losed; both inputs 
Input Protection: ± 1 0 0 V pulse (50 nsec) or 2 watts DC 

Output Data 

Number of Outputs: Four (BNC) 
Fast Out :0 t o - l V into 50 ohms, l inear signal gain X I ; rise 

t ime approx. 2 nsec; overshoot 7% max. 
Stretched Out :0 to ± 2 V into I K ; rise t ime 300 nsec; decay 

t ime 3 or 10 usee; unipolar or b ipo lar 
Busy Signal: — 3 0 0 mV into 50 ohms DC-coupled 

Noise: 1 mV p-p max. on Stretched Output Gate Pedestal: Adjustable through zero Linearity: ± 2 % Fast Out; ± 1 % Stretched Out 
Gate Transient: 15 mV max., 2 nsec wide max. Signal Feedthrough: Less than 10 mV for I V in 

Gate rise and fall time better than 2 nsec. Price $725, domestic. 

CHRONETICS welcomes inquiries concerning Model 116, other modules of the NANOLOGIC 100 counting system, and/or 
any area of nuclear instrumentation or measurement. Please write or 'phone. 

U . S . A . : 5 0 0 N u b e r A v e n u e , M t . V e r n o n , N e w Y o r k ( 9 1 4 ) 6 9 9 - 4 4 0 0 t w x 7 1 0 5 6 0 0014 
Europe : 3 9 R u e Rothschi ld , G e n e v a , S w i t z e r l a n d (022) 3 1 8 1 8 0 t e l e x 22266 
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