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The cover photograph shows an interesting view 
of the enlarged CERN heavy-liquid bubble 
chamber, taken during its re-assembly in 
preparation for the latest experiment with 
antineutrinos at the proton synchrotron. Photo­
graphed through the aperture in the 27 000-gauss 
magnet that surrounds the chamber during 
operation, Henri Lenique is seen preparing to 
mount a beam window in the new chamber 
body. Details of the antineutrino run are given 
in 'Last month at CERN' in this issue of 
CERN COURIER. 

The same photo, incidentally, has also been 
used to introduce the section on the NPA 
Division in the CERN Annual Report for 1964, 
which was published during June. 

CERN C O U R I E R 
is published monthly in English and in French. 
It is distributed free of charge to CERN 
employees, and others interested in the con­
struction and use of particle accelerators or in 
the progress of nuclear physics in general. 

The text of any article may be reprinted if credit 
is given to CERN COURIER. Copies of most 
il lustrations are available to editors, without 
charge. 
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The European Organization for Nuclear Research, more common ly 
known as CERN ( f rom the ini t ia ls of the French t i t le or the or ig ina l body, 
'Le Conse i l européen pour la Recherche nuc léa i re ' , f o rmed by an A g r e e ­
ment da ted 15 February 1952), was c rea ted when the Conven t ion es tab l i sh­
ing the permanent Organ iza t ion came into f o r ce on 29 Sep tember 1954. 

In this Convention, the aims of the Organ iza t ion are de f ined as fo l l ows : 
T h e 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 
f i rs t - rank pos i t ion in fundamenta l nuc lear sc ience , C E R N is now one of the 
wor ld 's leading laborator ies in th is f i e ld . It acts as a European cent re and 
co -o rd ina to r of research, theore t i ca l and exper imenta l , in the f ie ld of 
high-energy physics, o f ten known as sub-nuclear physics or the physics of 
fundamental particles. 

High-energy physics is tha t f ron t of sc ience wh ich aims d i rec t ly at the 
most fundamenta l quest ions of the basic laws govern ing the s t ruc ture of 
mat ter and the universe. It is not d i r ec ted towards spec i f i c app l i ca t ions — 
in par t icu lar , it plays no par t in the deve lopmen t of the prac t ica l uses of 
nuc lear energy — though it p lays an impor tan t role in the educa t ion of the 
new genera t ion of sc ient is ts . On ly the fu ture can show what use may be 
made of the knowledge now be ing ga ined . 

The laboratory occupies an area of 41 hA (100 acres) at Meyr in , Can ton of 
Geneva, Swi tzer land, next to the f ron t ie r w i th France. A s imi lar area on 
ad jacen t French ter r i to ry is expec ted to be taken over short ly. 

Its main experimental equipment cons is ts of two large par t ic le acce le ra to rs : 
— a 600-MeV synch ro -cyc lo t ron , 
- a 28 000-MeV (or 28-GeV) p ro ton synchro t ron , 

the lat ter be ing one of the two most power fu l in the wo r l d . 

The CERN staff to ta ls some 2100 peop le . 

In addition to the sc ient is ts on the staff, there are about 300 Fel lows and 
V is i t ing Sc ient is ts , who stay at C E R N , e i ther ind iv idua l ly or as members of 
v is i t ing teams, for per iods ranging f rom two months to two years. A l t hough 
these Fel lows and Vis i tors come mainly f rom univers i t ies and research 
inst i tu tes in the CERN Member States, they also inc lude sc ient is ts f rom 
other count r ies . 

Thirteen Member States con t r ibu te to the cos t of the Organ iza t ion , in 
p ropor t ion to the i r net nat ional i ncome: 

Aus t r ia (1.95%) Italy (10.78%) 
Be lg ium (3.83%) Ne ther lands (3.92%) 
Denmark (2.07%) Norway (1.47%) 
Federa l Republ ic Spain (2.18%) 

of Germany (22.74%) Sweden (4.23%) 
France (18.57%) Swi tzer land (3.19%) 
Greece (0.60%) Un i ted K ingdom (24.47%) 

Po land, Turkey and Yugos lav ia have the status of Observer . 

The budget for 1965 amounts to 128 760 000 Swiss f rancs ( = $29 800 000), 
ca l l ing for cont r ibu t ions f rom Member Sta tes to ta l l i ng 126 400 000 Swiss 
f rancs ( = $29 300 000). 

A supplementary programme, f i nanced by twe lve s tates, covers des ign work 
on two pro jec ts fo r the fu ture of h igh-energy phys ics in Europe — inter­
sec t ing s torage r ings for the 28-GeV acce le ra to r at Meyr in and a poss ib le 
300-GeV acce le ra to r that wou ld be bui l t e lsewhere • 
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Prof. Gregory to succeed 
Prof. Weisskopf next January 

On 17 June, de legates to the 30th 
Session of the CERN Counc i l unani ­
mously agreed to the appo in tment , as 
f rom 1 January 1966, of Prof. Bernard 
P. Gregory as the next D i rec to r 
Genera l of C E R N , for a per iod of f ive 
years. 

Prof. V. F. Weisskopf , D i rec tor s ince 
Augus t 1961, wi l l be return ing at the 
end of th is year to the Massachuset ts 
Inst i tute of Techno logy , U.S.A., f rom 
where he is on leave of absence. In 
a message c i rcu la ted to the staff af ter 
the Counc i l Sess ion, he exp la ined that 

the respons ib i l i t ies of the j o b of 
D i rec to r Genera l left l i t t le oppor tun i ty 
for o ther work and he w ished now to 
devo te more t ime to purely sc ient i f i c 
quest ions. 

Prof. Gregory is French, 46 years 
o ld and Professor at the Ecole Poly-
techn ique , Paris. His who le career as 
a phys ic is t has been devo ted to the 
exper imenta l s tudy of the par t ic les in 
h igh-energy in terac t ions , work ing f i rs t 
wi th cosmic rays and af terwards wi th 
the C E R N pro ton synchro t ron . His 
c lose re la t ionsh ip w i th C E R N began 
when he was made respons ib le for 
the sc ien t i f i c s ide of the 81-cm 
Sac lay /Eco le Po ly techn ique hydrogen 
bubb le chamber , wh ich has p rov ided 
over 5 mi l l ion pho tographs for 
Europe 's phys ic is ts s ince it began 
opera t ion at C E R N in 1961, and he 
was Cha i rman of the CERN Track 
Chambers C o m m i t t e e for the f i rs t 
th ree years of PS opera t ion . Early in 
1964, Prof. G rego ry was appo in ted 
D i rec to ra te Member for Research at 
C E R N . 

A more comp le te accoun t of his 
career wi l l be found in CERN 
COURIER, vo l . 4, p. 28, March 1964 C 

Approval of intersecting storage 
rings (ISR) for the PS 

Early in the 30th Session of the 
Counc i l , unanimous approva l was g iven 
in p r inc ip le to the cons t ruc t ion of 
in te rsec t ing s to rage rings (ISR) for 
the p ro ton synchro t ron , as a supp le ­
mentary p rogramme of the Organ iz ­
at ion. This p ro jec t is one of the th ree 
parts of the p rogramme for the deve­
lopment of European h igh-energy 
physics fac i l i t i es put to the Counc i l 
by the Ama ld i Commi t t ee in 1963; the 
other parts are the improvement p ro ­
gramme for the present CERN fac i l ­
i t ies and a new pro ton synchrot ron of 
300 GeV. The actual start of c o n ­
s t ruc t ion of the ISR wi l l be dec ided in 
December , when the budget wi l l be 
vo ted by the Member States who wi l l 
take part in th is supp lementary pro­
gramme. A lmos t all the th i r teen 
Member Sta tes of CERN have 
ind ica ted tha t they are p repared to 
par t i c ipa te . 

The in te rsec t ing s torage rings wi l l 
p rov ide a un ique means for car ry ing 
out cer ta in exper iments in sub-nuc lear 
physics research at energ ies much 
h igher than those current ly avai lab le, 
or even p lanned. Indeed, to do these 
exper iments in the convent iona l way, 
wi th acce le ra ted protons s t r ik ing, say, 

a l i qu id -hydrogen ta rget , wou ld require 
an acce le ra to r some 60 t imes more 
power fu l than the 28-GeV pro ton 
synchro t ron at C E R N . 

The equ ipmen t wi l l cons is t essen­
t ia l ly of a vacuum chamber f o rmed by 
two concen t r i c d i s to r ted r ings, each 
about 300 metres in d iameter , inter­
sec t ing each o ther in e ight p laces. 
E lec t romagnets spaced round the r ings 
wi l l serve to keep h igh-energy pro tons 
c i rcu la t ing in t hem, c lockw ise in one, 
an t i c lockw ise in the other. The 
pro tons wi l l be in jec ted f rom the 
pro ton synchro t ron and success ive 
bursts s to red unt i l a su f f ic ient ly high 
intensi ty is reached, at wh ich t ime the 
two beams wi l l be made to co l l ide in 
one or more of the cross ing regions. 
De tec t ion appara tus p laced in these 
areas wi l l enab le the resul t ing inter­
ac t ions be tween pro tons to be 
s tud ied . 

The p ro jec t is es t imated to cost 
330 mi l l ion Swiss f rancs , at cur rent 
pr ices, spread over a s ix-year c o n ­
s t ruc t ion and commiss ion ing per iod . 
More in fo rmat ion concern ing the 
s to rage r ings wi l l be found on pp. 103 
to 107 of th is issue • 
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30th Session of Council 

On the a f ternoon of 16 June and the 

morn ing of 17 June, de lega tes f rom the 

13 Member States of C E R N met for the 

30th Session of the C E R N Counc i l , 

under the i r Président , Mr. J. H. Bannier 

(Nether lands) . Two of the most 

eager ly awai ted déc is ions are repor ted 

on the prev ious page, fu r ther déta i ls 

of the Counc i l Sess ion wi l l be g iven 

in next month 's issue of CERN 

COURIER. 

PS opération, 19 ApriI-31 May 

The f i rs t two weeks af ter the short 

Easter shut -down at the p ro ton 

synchro t ron were devo ted mainly to 

counter exper iments , the acce le ra to r 

parameters dur ing most of the t ime 

be ing the typ ica l ones of maximum 

pro ton momentum 19.2 GeV/c , one 

puise every 2.3 seconds and f l a t - top 

durat ion (when pro tons c i rcu la te in the 

acce le ra to r at constant momentum) 

300 mi l l i seconds. For th ree days over 

the second week -end , however , the 

pr imary beam energy was lowered to 

9.97 GeV/c , wi th a répé t i t ion rate of 

one puise every 1.2 second and a f la t -

t op of 200 mi l l i seconds, in o rder to 

carry out some impor tan t measure-

ments on p ro ton -p ro ton sca t te r ing . 

A m o n g the exper iments prev ious ly 

ment ioned iri thèse co lumns of CERN 

COURIER, the g roup a iming to 

measure the par i ty of the x i -hyperon 

successfu l ly co l l ec ted more data, 

the m iss ing-mass-spec t romete r g roup 

invest iga ted three over lapp ing rég ions 

of the mass spec t rum in the i r sys tem-

at ic search for poss ib le new meson 

résonances, and 50 000 more pho to -

graphs were taken by the phys ic is ts 

invest igat ing the decay of the rho 

meson. The 'CERN/ Iv ry g roup ' took 

some 200 000 pho tographs of kaons 

and pions sca t te red d i rec t l y back-

wards f rom hydrogen. Severa l hun-

d red thousand pho tographs of par t i c le 

t racks in the six convent iona l spark 

chambers that have p rov ided the main 

data for th is exper iment wi l l be 

analysed automat ica l ly w i th the aid of 

the ca thode- ray - tube f l y ing -spo t d i g i -

t izer, Luc io le , at C E R N . Apa r t f rom 

the measurement of p ro ton -p ro ton scat ­

te r ing at low energy men t ioned above, 

measurements of p ro ton -nuc leus 

sca t te r ing were made, w i th a p ro ton 

momentum of 19 GeV/c , about 110 000 

events be ing recorded by the son ic -

spark -chamber and compute r comb in -

at ion. 

A lso dur ing th is t ime, new equ ip -

ment for fu ture exper iments was tes ted 

by var ious groups, among them one 

f rom Frascat i , wh ich measured the 

backg round of a neutron té lescope 

(apparatus for de tec t ing neutrons 

t rave l l ing a long a spéc i f ie path) and 

t r ied out t ime-o f - f l i gh t equ ipment to 

be used in a fo r theoming invest igat ion 

of the decay of the eta meson into a 

neutra l p ion and a gamma ray. Tests 

were car r ied out on the CERN heavy-

l iqu id bubb le chamber in p répara t ion 

for the ant ineut r ino run that began in 

the fo l l ow ing week. 

Antineutrino run 

The th ree weeks 7—31 May were 

used mainly for an exper iment wi th the 

'neut r ino beam' and the en larged CERN 

heavy- l iqu id bubb le chamber, to c o m ­

p lè te the présent phase of the neu­

t r ino exper iments begun at CERN in 

July 1963. Dur ing the f i rs t part of th is 

last run, the fast beam-e jec t ion equ ip ­

ment was used to e jec t 17 pro ton 

bunches on to the external ta rge t in 

the th roa t of the magnet ic horn at 

each acce le ra to r puise. The remain-

ing 3 bunches c i rcu la ted dur ing the 

' f l a t - top ' and were then d i rec ted on 

to ta rge t no. 60, by means of the rapid 

beam def lec to r , to g ive a 200 us burst 

for the Br i t ish bubb le chamber at the 

end of the 0 2 beam line. For the last 

few days, the who le of the c i rcu la t ing 

beam was e jec ted on to the neutr ino 

target . 

A l t oge the r 2.3 X 10 1 7 (230 thousand 

mi l l ion mi l l ion) protons s t ruck th is 

ta rge t dur ing actual opéra t ion of the 

bubb le chamber. Of thèse, 91 % 

were used to give p ic tures for analys is ; 

the rest were accoun ted for by the 

study of the neut r ino-parent spec t rum 

(that is, of the energy d is t r ibu t ion of 

the p ions and kaons p roduced in the 

ta rge t and decay ing to g ive neutr inos) 

and ad jus tment of the chamber. 

A l t hough this was largely an exper i ­

ment wi th ant ineutr inos, p roduced in 

the decay of negat ive ly charged pions 

and kaons, the magnet ic horn was set 

to focus posi t ive par t ic les dur ing part 

of the t ime (dur ing wh ich 14.2% of the 

to ta l number of p ro tons were ut i l ized) , 

the par t ic le f lux in the bubb le chamber 

then be ing p redominen t l y of neutr inos. 

The data so ob ta îned wi l l be used for 

a compar i son of the ant ineut r ino and 

neut r ino event rates. 

The f i rs t scann ing of the 367 000 

bubb le -chamber pho tographs was 

made dur ing the run, resul t ing in 

about 100 cand ida tes of each type of 

in te rac t ion , of wh ich about half are 

su i tab le fo r de ta i l ed analysis. As an 

ind ica t ion of how techn iques have 

been improved , th is may be compared 

wi th the f i rs t run of 6 days in 1963 

using the smal ler vers ion of the 

bubb le chamber , when only a dozen 

events were ob ta ined in sp i te of a 

h igher p ro ton intensi ty on the target . 

Part of the increase in event rate is, 

of course, due to the en la rgement of 

the v is ib le vo lume (that v iewed by at 

least two caméras) of the bubb le 

chamber f rom abou t 440 l i t res to 1090 

l i t res. The f ina l analysis of the events 

and compar i son wi th prev ious obser­

vat ions wi l l con t inue into next year. 

A va luab le techn ica l by -p roduc f of 

the run has been the deve lopmen t and 

insta l la t ion of a f ree ly suspended r ig id 

p la te in f ron t of the p last ic membrane 

that expands the chamber . This p la te 

changes the pat tern of the pressure 

d is t r ibu t ion in the chamber dur ing the 

opera t ing cyc le , so that the hydro-

dynamic behav iour of the bulk of the 

l iqu id is much d o s e r to that ob ta in -

able wi th a large p is ton than to tha t 

around a gas bubb le , as was the case 

prev iously . The présence of such a 

p la te has been found to improve the 

op t ica l qua l i ty of the p ic tures, and its 

success opens up the poss ib i l i ty of 

fu r ther deve lopmen ts for the chamber , 

such as the insta l la t ion of Seo tch -

l i te re f lec tor* or the mount ing of a 

mir ror on the p la te . If a mir ror were 

insta l led in th is way, a p roposed 

bubb le -chamber exper iment on the 

decay of the K ° 2 meson into two 

neutra l p ions wou ld become feas ib le , 

s ince it wou ld then be poss ib le to 

pho tog raph and measure phenomena 

that occu r red on the other s ide of the 

* Scotchlite is the Trade name of a highly 
reflecting plastic f i lm, used for example on 
many road signs; its use in a bubble chamber 
results in tracks that are seen as trails of 
dark spots on a light background, instead of 
the other way round. 
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vacuum chamber tha t wou ld have to be 
inser ted in the bubb le chamber for 
the t raversal of the kaons. 

Last experiment at CERN of the 
British bubble chamber 

Dur ing week 18 of the synchro t ron 
schedu le (beg inn ing 27 Apr i l ) the 
152-cm Br i t ish nat ional hydrogen 
bubb le chamber took 110 000 pho to ­
graphs of 6-GeV/c pro ton in te rac t ions 
in hydrogen. Then, in weeks 20 and 
21 , 135 000 pho tographs were ob ta ined 
of negat ive p ions inc ident at 11 GeV/c , 
as part of an exper iment in wh ich the 
in terac t ions of both negat ive and 
pos i t ive p ions are be ing s tud ied at 
th is momentum. This last run ended 
the opera t ion of the chamber at C E R N 
fo r physics exper iments . It has been 
in fu l l opera t ion s ince June 1964, s ince 
when more than IV2 mi l l ion pho to ­
graphs have been ob ta ined . The 
chamber wi l l not be re turn ing to 
Eng land unt i l Sep tember of th is year 
and in the meant ime a ' t echn ica l ' run 
wi l l be car r ied out in wh ich var ious 
new ideas, for example the use of a 
Sco tch l i t e op t ica l system, wi l l be t r i ed . 

Purdue conference on instrumentation 
for high-energy physics 

Seven members of C E R N — R. Bock , 
G. von Darde l , A. N. D iddens, G. R. 
M a c l e o d , A. M iche l in i , W . G. M o o r h e a d 
and D. W i s k o t t — a t tended the Inter­
nat ional con fe rence on ins t rumenta t ion 
fo r h igh-energy phys ics, he ld at 
Purdue Univers i ty , Indiana, dur ing 
1 2 - 1 4 May, 1965. This was the 
largest ins t rumentat ion con fe rence 
s ince the one held at C E R N in 1962, 
not excep t ing the one fo l l ow ing the 
'Rochester ' Con fe rence at Dubna last 
year, and was organ ized largely on 
the in i t ia t ive of Prof. L. Kowarsk i , who 
has been on leave f rom C E R N as 
V is i t ing Professor of Nuc lear Eng i ­
neer ing at Purdue. 

A ser ies of inv i ted survey ta lks and 
con t r i bu ted papers cove red the f ie ld 
of spark chambers and bubb le 
chambers and the measur ing dev ices 
and methods of analysis used wi th 
them. The main impress ion ga ined 
f rom the con fe rence was that , at near ly 
al l the laborator ies rep resen ted , the 
last year or two has been spen t in 
conso l ida t ion and ob ta in ing phys ics 

Continued on p. 102 

"Humanisme Scientifique' 
In last month's CERN COURIER, two aspects of the relationship 

between 'CERN' and 'Geneva' were treated at some length (pp. 85-89), 
with emphasis on the more practical and personal viewpoints. Unknown 
to us when those contributions were being prepared, a further example 
was to appear in the form of an editorial in the April/May issue of the 
publication Industries Atomiques (vol. 3/4, 1965, p. 51). This editorial, 
inspired by one of the periodic evening lecture meetings arranged by the 
CERN Staff Association, throws an interesting light on an aspect of CERN 
that is not often discussed, and we are therefore pleased to be able to 
reproduce it (in translation) here. Extra interest is given by the fact that 
its author, Mr. André Chavanne, is one of the seven members of the 
Executive body of the State of Geneva (the 'Conseil d'Etat') with responsi­
bility for the Department of Education. As a physicist, he taught at 
one time in the 'Ecole supérieure technique' in Geneva and he is a former 
editor of Industries Atomiques . On the Federal level, he is a member of 
the recently formed Science Council and also represents Switzerland in the 
Council of CERN. 

T h o u g h i t w o u l d p a s s u n n o t i c e d i n a c a p i t a l c i t y , t h e p r e s e n c e of 
a l a r g e s c i e n t i f i c r e s e a r c h c e n t r e i n a m e d i u m - s i z e d t o w n h a s a 
c o n s i d e r a b l e e f f e c t o n t h e l o c a l c u l t u r a l l i fe , w h i c h i s e n r i c h e d i n a 
v e r y s p e c i a l w a y : s c i e n t i f i c h u m a n i s m i s , b y i t s v e r y n a t u r e , a 
m i x t u r e of c u r i o s i t y , g e n e r o s i t y a n d e n t e r p r i s e , e v e n t o t h e p o i n t of 
a g g r e s s i v e n e s s . 

N o t l o n g a g o I w a s p r e s e n t a t o n e of t h e g a t h e r i n g s ( c o n c e r t s , d i s ­
c u s s i o n s , l e c t u r e s a n d t h e l i k e ) o r g a n i z e d b y C E R N — o r r a t h e r i t s 
s t a f f — a n d o p e n t o t h e G e n e v a p u b l i c . I t w a s a d i s c u s s i o n b e t w e e n 
D r . G a r a u d y , a m e m b e r of t h e p o l i c y c o m m i t t e e of t h e F r e n c h 
C o m m u n i s t p a r t y , a n d a m e m b e r of t h e D o m i n i c a n O r d e r , a p h y s i c i s t , 
F a t h e r D u b a r l e ; t h e y w e r e p u r s u i n g t h e i r d i a l o g u e c o n c e r n i n g 
m a t e r i a l i s m a n d s p i r i t u a l i s m , e n t e r e d i n t o p r e v i o u s l y i n F r a n c e a n d 
B e l g i u m . S e l d o m h a v e I e n c o u n t e r e d s u c h a n a u d i e n c e , f o l l o w i n g 
c l o s e l y a n d i n t e l l i g e n t l y t h i s e x c h a n g e of s u b t l e a r g u m e n t s o n 
m a t t e r s v e r y f a r r e m o v e d f r o m i t s e v e r y d a y c o n c e r n s . 

O n e c o u l d s e e t h e r e t h e h u m a n i s m of t h e f u t u r e , f o u n d e d o n 
t h e s c i e n c e s , e x p r e s s e d i n m a t h e m a t i c a l t e r m s , r e s t r a i n e d , p r e c i s e . 
T h i s i s n o t t o d e n y t h e v a l u e o f o u r c l a s s i c a l h u m a n i s m , b a s e d o n a 
k n o w l e d g e of l a n g u a g e s — p a r t i c u l a r l y t h e d e a d o n e s b u t a l s o t h e 
l i v i n g — a n d w i t h a l o n g t r a d i t i o n b e h i n d i t ( ' a r e y o u f o r o r a g a i n s t 
L a t i n ? ' i s a t y p i c a l l y i n a n e q u e s t i o n ) ; b u t w e m u s t r e c o g n i z e h o w t h e 
e x p e r i m e n t a l s c i e n c e s , a s w e l l a s t h e h u m a n i t i e s of t h e G r e e k a n d 
L a t i n t r a d i t i o n , c a n b e t h e b a s i s of a t r u l y g e n e r a l e d u c a t i o n . W i l l 
t h e m o s t i m p o r t a n t f u n d a m e n t a l q u e s t i o n s of k n o w l e d g e c o n t i n u e t o 
b e r e g a r d e d s o l e l y i n a h i s t o r i c a l c o n t e x t w h e n t h e y c a n b e i l l u m i n e d 
i n i n c o m p a r a b l e f a s h i o n b y t h e u p - t o - d a t e , l i v e l y c o n s i d e r a t i o n s of 
m a t h e m a t i c i a n s a n d b i o l o g i s t s o n t h e i r r e s p e c t i v e s u b j e c t s ? C a n o u r 
o n l y i n t e r e s t i n p s y c h o l o g y b e t h r o u g h l i t e r a t u r e , w h e n f o r t h e l a s t 
c e n t u r y t h e b e h a v i o u r of t h e h u m a n m i n d h a s b e e n . s t u d i e d i n t h e 
l a b o r a t o r y ? W e m u s t g e t r i g h t a w a y f r o m t h e s t e r i l e o p p o s i t i o n of 
s c i e n c e a n d p h i l o s o p h y , w h i c h i s i n a n y c a s e a r e c e n t i n v e n t i o n of 
m e d i o c r e t h i n k e r s of t h e l a s t c e n t u r y a n d o b v i o u s l y u n k n o w n t o 
P l a t o a n d A r i s t o t l e , D e s c a r t e s a n d L e i b n i t z ; w a s n o t t h e i n i t i a l w o r k 
of K a n t p r o m p t e d b y N e w t o n ' s t h e o r i e s ? 

B u t h u m a n i s m i s n o t j u s t i n t e l l e c t u a l i s m , i t i s a l s o a e s t h e t i c a n d 
e t h i c a l i n n a t u r e . I t w o u l d n o t b e d i f f i c u l t t o p u t f o r w a r d t o y o u t h ­
f u l m i n d s , t r a i n e d i n t h e d i s c i p l i n e s of s c i e n c e , a c o u r s e of i n s t r u c t i o n 
l a r g e l y d e v o t e d t o t h e d e v e l o p m e n t of a l i k i n g f o r a r t t h r o u g h i t s 
r a t i o n a l s t u d y . I t s h o u l d a l s o b e p o s s i b l e t o g i v e t h e m t h a t e x t r a 
s p i r i t u a l d e v e l o p m e n t n e c e s s a r y f o r t h e c o m m a n d of t o d a y ' s i n f i n i t e l y 
p o w e r f u l t e c h n i c a l r e s o u r c e s , b y s h o w i n g t h e m h o w s c i e n c e e x t e n d s 
t h e r e s p o n s i b i l i t i e s of e v e r y o n e , b e y o n d t h e c o n f i n e s of f a m i l y o r 
n a t i o n , t o e m b r a c e t h e w h o l e of h u m a n i t y h e r e o n o u r t i n y p l a n e t . 

A . C. 
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Colliding - beam error 
The dangers of editorial tampering with carefully worded press releases, as well as the suspicion — often 

voiced — that so much is published in the scientific literature nowadays that nobody has a chance to read it all, have 

both been highlighted by a note that appeared in the April issue of CERN COURIER (p. 57) under the sub-heading 

'World's first experiment with colliding beams'. In preparing that note, we were taken in by one of those press releases 

that so often hide the actual state of affairs in their enthusiasm for a particular event. As a result, when copies of 

the French edition of the April issue reached the Linear Accelerator Laboratory of the University of Paris, at Orsay, 

and the CNEN National Laboratory at Frascati near Rome, they were read with some astonishment, since the physicists 

clearly remembered their own experiments, carried out a year earlier at Orsay, with the storage ring known as AdA 

(Anello di Accumulazione), designed and built at Frascati. To help put the record straight, CERN COURIER has now 

been supplied with the following information: 

The f i rs t measurements on in terac t ions p roduced 

by co l l i d ing beams were car r ied out at Orsay, using 

the pos i t ron-e lec t ron s to rage r ing, A d A , f rom 

Frascat i , in Apr i l 1964. The results were pub l i shed 

in December of the same year*. 

Previously the s to rage of weak- in tens i ty e lec t ron 

and pos i t ron beams had been successfu l ly ach ieved 

at Frascat i and A d A was then moved to Orsay in 

order to take advantage of the h igher pho ton f luxes 

avai lab le there (gamma rays f rom the l inear acce le ­

rator are used to p roduce pos i t rons and e lec t rons 

fo r s torage in the r ing). The r ing was ope ra ted by 

a mixed I tal ian and French team f rom 1962 unti l 

ear ly 1965. 

* C. Bernardini, G. F. Corazza; G. di Guigno; J. Haissinski, 
P. Marin; R. Querzol i ; B. Touschek: Measurement of the rate of 
interaction between stored electrons and positrons, Nuovo 
Cimento, vol. 34 (1964), pp. 1473-1493. 

In the course of th is work , beam intensi t ies of up 

to 0.5 mi l l iampère (e lec t rons and posi t rons) were 

s to red , wi th l i fe t imes of severa l hours. A new 

fundamenta l l imi ta t ion on the l i fe t imes of intense 

beams was then d iscovered and analysed (the so-

ca l led T o u s c h e k e f fec t ' ) . 

In teract ions be tween the two beams were observed 

for the f i rs t t ime by de tec t i ng the s ing le brems-

st rah lung gamma ray ar is ing f rom the process 

e + + e~ e + + e" + y. From the observed rate of 

in terac t ion the c ross-sec t iona l area of the beams 

cou ld be compu ted and th is a l lowed a comp le te 

unders tand ing to be ob ta ined of the beam st ruc tures 

in weak - focus ing pos i t ron -e lec t ron s torage rings at 

in te rmed ia te in tensi t ies. 

A d A was taken back to Frascat i in March 1965. 

It is true that the Press Release from which our original story was derived claimed only 'the first high-energy 

collisions between electrons ever achieved', leaving open the question of collisions between electrons and positrons. 

The Release also mentioned the operation of the Italian storage ring at Orsay. At the same time, however, announce­

ment of the Stanford!Princeton results at a particle-accelerator conference in Washington, with its associated press 

publicity, seems to have produced a greater impact than the earlier publication of the Italian/French results in a normal 

scientific journal. It is true that the Stanford rings are bigger than the one at Frascati (there are two at Stanford, 

instead bf one, because both beams are of electrons), the energy used is rather higher and the beams have greater 

intensity. Nevertheless, we deeply regret having overlooked one of the great pioneering efforts of European physicists 

in the field of storage rings, particularly as the Italian/French collaboration that made possible its success is yet another 

indication of the unity of Europe's high-energy physicists, characterized by CERN itself. Neglect of the European 

results would, in fact, now be doubly regrettable, in view of the recent Council decision to support the construction of 

proton storage rings at CERN and thus to give European scientists a great opportunity to continue leadership in this 

field in the coming years • 

1*4% a^hM A CBrZSI (cont . ) 

resul ts f rom some of the many dev ices 

announced at prev ious con fe rences , 

rather than in invent ing new ins t ru­

ments . 

Thus, to deal only wi th con t r ibu t ions 

invo lv ing C E R N , G. R. M a c l e o d gave 

an inv i ted paper on spa rk -chamber 

p ic tu re analysis w i th raster scan in 

wh ich he desc r ibed two exper iments 

a l ready comp le ted at C E R N (one 

measured on the Hough-Powe l l dev ice 

(HPD) and the other on Luc io le ) , as 

wel l as ment ion ing several o thers 

under way here. Some pre l iminary 

resul ts of a bubb le -chamber exper i ­

ment tha t is be ing analysed at C E R N 

wi th the HPD were p resen ted , by 

P. V. C. Hough of Brookhaven, in a 

j o in t survey paper wi th B. W. Powel l 

of C E R N , on f l y ing-spo t d ig i t i zer 

systems for bubb le -chamber f i lms. A 

paper by W. G. Moorhead desc r i bed 

the C E R N compute r p rogramme used 

fo r th is analysis. The opera t ion of 

the sonic spark -chamber system wi th 

on- l ine compute r tha t is used at C E R N 

fo r p ro ton -sca t te r ing exper iments was 

desc r i bed by A. N. D iddens. 

The p rac t i ce of a t tach ing f i l m -

measur ing ins t ruments such as IEP 

and Frankenste in d i rec t ly on- l ine t o a 

smal l computer , so that instant 

check ing can take p lace, is very w i d e ­

spread , and there are many d i f fe ren t 

approaches to th is , both in the U.S.A. 

and in Europe ( inc lud ing CERN) . 

Th is idea is in teres t ing as be ing one 

of the few tha t were not a l ready 

ment ioned at the 1962 CERN C o n ­

fe rence • 
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Physics with storage rings 
At a meeting of the European Committee for Future Accelerators1 held at CERN on 19 October 1964, one of the speakers 
was Prof. G. COCCONI, a senior member of CERN's Nuclear Physics Division and one of the leaders of the group that 
has obtained so many interesting and important results in the last few years on the scattering of protons from protons. 
After giving some indications on how these and other experiments could be extended enormously in scope by the 
construction of the proposed intersecting storage rings for the CERN proton synchrotron, he posed the more general 
question of why, in fact, we want to carry out such experiments at all. In view of the recent approval by the CERN 
Council of the storage-ring project (see p. 99), the answers Prof. Cocconi gave to this question, together with the rest 
of his speech, have taken on a new topicality and we are pleased to be able to reproduce here what he said on that 
occasion. 

I h a v e b e e n a s k e d t o g i v e r e a s o n s w h y t h e c o n s t r u c ­
t i o n of a s y s t e m of i n t e r s e c t i n g s t o r a g e r i n g s ( I S R ) , t o 
b e c o u p l e d t o t h e e x i s t i n g p r o t o n s y n c h r o t r o n ( P S ) of 
C E R N , i s c o n s i d e r e d i m p o r t a n t f o r t h e f u t u r e of 
p h y s i c s . 

O b v i o u s l y , t h e p r i n c i p a l r e a s o n i s t h a t t h e I S R w o u l d 
m a k e i t p o s s i b l e , i n t h e n e a r f u t u r e , t o e x p e r i m e n t a t 
e f f e c t i v e e n e r g i e s , t h a t i s a t c e n t r e - o f - m a s s e n e r g i e s 2 , 
n e a r l y t e n t i m e s h i g h e r t h a n t h o s e a v a i l a b l e w i t h t h e 
e x i s t i n g a c c e l e r a t o r s a n d a b o u t t w o t i m e s h i g h e r t h a n 
t h o s e t h a t w i l l b e a v a i l a b l e i n t h e m o r e r e m o t e f u t u r e 
w h e n a 3 0 0 - G e V a c c e l e r a t o r i s b u i l t . 

T h e f o l l o w i n g t a b l e i l l u s t r a t e s t h e s i t u a t i o n : 

L a b . k i n e t i c e n e r g y C M . t o t a l e n e r g y 4 

P r e s e n t P S 25 
I S R 27 
300 G e V P S 300 

0.12 G e V 3 

27 G e V 
0.12 G e V 

7.1 + 1.9 G e V 
54 + 1 . 9 G e V 
30 + 1 . 9 G e V 

H o w e v e r , w h y d o w e v a l u e s o m u c h c e n t r e - o f - m a s s 
e n e r g y ? B e c a u s e w e h a v e l e a r n e d f r o m n a t u r e t h a t 
t h r e s h o l d s e x i s t , a n d t h a t c l a s s e s of p h e n o m e n a e x i s t 
t h a t c a n n o t b e s t u d i e d if o n e o p e r a t e s b e l o w o r t o o n e a r 
t h e i r t h r e s h o l d e n e r g y . T h e t h r e s h o l d t h a t s e p a r a t e s 
t h e ' n u c l e a r w o r l d ' f r o m t h e ' c h e m i c a l w o r l d ' i s a 
c l a s s i c a l e x a m p l e . 

Mesonic matter 

D u r i n g t h e l a s t t e n y e a r s , m a n h a s j u s t c r o s s e d 
a n o t h e r t h r e s h o l d , t h e t h r e s h o l d t h a t s e p a r a t e s t h e 
n u c l e a r w o r l d f r o m t h e m e s o n i c w o r l d . T h e r i c h n e s s 
i n p a r t i c l e s , a n t i p a r t i c l e s , e x c i t e d s t a t e s a n d r e s o n a n c e s 
t h a t m e s o n i c m a t t e r ( as w e s h a l l c a l l t h i s n e w s t a t e of 
m a t t e r ) p r e s e n t s a s s o o n a s t h e t h r e s h o l d of a b o u t 
1 G e V i s c r o s s e d i s a s u r e s i g n of u n e x p e c t e d c o m p l e x ­
i t i e s , h e n c e of u n p r e d i c t a b l e c o n s e q u e n c e s . I n t h e s e 
c o n d i t i o n s t h e q u e s t f o r h i g h e r e n e r g i e s i s b o t h o b v i o u s 
a n d i m p e r a t i v e . 

A commi t t ee composed of senior physic is ts f rom E u r o p e a n 
h igh -ene rgy phys ics l abora tor ies , w h i c h was respons ib le for 
d r a w i n g u p the E u r o p e a n p r o g r a m m e of n e w acce le ra to r s 
pub l i shed or iginal ly as the Amald i Repor t , CERN FA/WP/23. 
Measured in the ' cen t re -of -mass sys tem' , a f r ame of 
re fe rence in wh ich t he cen t r e of mass of t h e coll iding 
par t ic les appea r s to be s t a t i ona ry and the a lgebra ic s u m of 
all t h e m o m e n t a , bo th before and after t h e collision, is zero . 
0.12 GeV is a charac te r i s t i c F e r m i e n e r g y for t h e nuc léons 
of a t a rge t m a d e of complex nuc le i . 
The c m . ene rgy is d iv ided in to t w o p a r t s : t h e first can be 
used in p roduc ing addi t iona l pa r t i c les or exci ted s ta tes , t h e 
second (1.9 GeV) is t he combined re s t mass of t h e two 
or iginal nuc léons . 

H o w d o e s m e s o n i c m a t t e r p r e s e n t i t s e l f ? T h e m o s t 
g e n e r a l p i c t u r e t h a t c a n b e g i v e n t o d a y of w h a t 
h a p p e n s w h e n t w o e n e r g e t i c n u c l é o n s c o l l i d e , a s 
d e d u c e d f r o m m a c h i n e a n d c o s m i c - r a y e x p e r i m e n t s , i s 
s u m m a r i z e d b y t h e f o l l o w i n g f i g u r e s w h i c h d e s c r i b e 
t h e p h e n o m e n a (a), d i a g r a m m a t i c a l l y a n d (b), i n a t i m e 
s e q u e n c e a s s e e n i n t h e c i m . s y s t e m . 

(a) 
N 1 5 N 2 , original nucléons 
N t * , N 2 * , excited isobars 
FB-, FB 2 , fireballs 

(b) 
time 
sequence 
in c m . 

before 
collision 

after 
collision 

N1 N2 

F B 2 F B i NT 

JÇC -ÇL JÇL Q 

A f t e r t h e c o l l i s i o n , t w o e x c i t e d n u c l é o n s a r e 
p r o d u c e d , e a c h o n e k e e p i n g a g o o d f r a c t i o n ( a b o u t 
50°/o) of i t s o r i g i n a l e n e r g y , w h i l e t w o f i r e b a l l s , t h a t 
i s , t w o m a s s i v e c e n t r e s t h a t r a p i d l y d e c a y e m i t t i n g a 
c e r t a i n n u m b e r of s e c o n d a r i e s , a r e l e f t b e h i n d , m o v i n g 
e s s e n t i a l l y i n t h e d i r e c t i o n of t h e o r i g i n a l n u c l é o n s , 
b u t w i t h s m a l l e r v e l o c i t y . B o t h t h e e x c i t e d n u c l é o n s , 
e a c h w i t h b a r y o n n u m b e r o n e , a n d t h e f i r e b a l l s , w i t h 
b a r y o n n u m b e r z e r o , a r e m e s o n i c m a t t e r w h i c h , i n o u r 
l a b o r a t o r i e s , l a s t s o n l y 1 0 ~ 2 2 - 10~ 2 3 s e c o n d , b u t e x h i b i t s 
t h e p e c u l i a r p r o p e r t i e s t h a t c o m p l e t e l y n e w i d e a s s u c h 
a s s t r a n g e n e s s , S U 3 , a n d o t h e r s c h e m e s a t t e m p t t o 
d e s c r i b e . 

H o w a c c u r a t e i s t h i s p i c t u r e ? W h a t d e t e r m i n e s t h e 
p r o p e r t i e s of t h e e x c i t e d n u c l é o n s a n d of t h e f i r e b a l l s ? 
W h a t a r e t h e i r d i m e n s i o n s , t h e i r s p i n s , t h e i r m a g n e t i c 
p r o p e r t i e s ? 

A r e t h e s e t h e o n l y e n t i t i e s f o r m e d b y m e s o n i c m a t t e r , 
o r d o o t h e r s e x i s t , m o r e s t a b l e a n d of l a r g e r m a s s t h a n 
s o f a r o b s e r v e d ? 

I s i t c o n c e i v a b l e t h a t , i n a p p r o p r i a t e c o n d i t i o n s , e v e n 
l a r g e r b o d i e s , a l l c o m p o s e d of m e s o n i c m a t t e r , c a n b e 
f o r m e d ? I s t h e r e a n y l i m i t i m p o s e d o n t h e i r s i ze , 
a n a l o g o u s t o t h e l i m i t i m p o s e d o n n u c l e i b y t h e 
C o u l o m b e l e c t r o s t a t i c r e p u l s i o n ? 
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I 4 and I 5 
R 
E 1 
A 1 to A 8 
AI 1 and AI 2 
P 
C 
MCR 
PCR 
CT 
L 
W 
Y 
SW 
WT 
TT 1 to TT 3 
TA 
TP 1 
TP 2 and TP 3 
TS 
PP 
BC 
CPS 
D 
V 1 to V 8 

Experimental halls for colliding beams 
Ring building 
Experimental hall for external targets 
Auxiliary buildings 
Auxiliary buildings for injection 
Power house (for main magnet) 
Cooling hall 
Main control room 
Power control room (magnet) 
Cooling tower 
Laboratories 
Workshop 
Rectifier building for beam-transfer equipment 
Electrical sub-station 
Water tower and reservoir 
Beam-transfer tunnels 
Tunnel linking auxiliary buildings 
Main service tunnel (connecting to sub-station on present site) 
Tunnels between C and TA and between P and TA 
Calibration tunnel (for survey instruments) 
Sewage purification plant 
Reserved for possible construction of bubble-chamber buildings 
Present proton synchrotron 
Barracks 
Air-conditioning rooms for the ISR 

General layout of the ISR buildings - a number of changes have been made since the previous plan was issued with the CERN COURIER of July 1964. 

T h e v a r i e t y a n d t h e n a i v e t y of t h e q u e s t i o n s s h o w 
h o w l i t t l e w e k n o w a b o u t m e s o n i c m a t t e r . E x p e r i ­
m e n t i n g w i t h s t o r a g e r i n g s w i l l c e r t a i n l y n o t g i v e 
d e f i n i t e a n s w e r s t o a l l o f t h e q u e s t i o n s , b u t i t w i l l g i v e 
i n f o r m a t i o n of t h e a b o v e k i n d , a n d h e n c e w i l l b e of 
f u n d a m e n t a l i m p o r t a n c e . 

Experimental arrangements 

T h e m a i n o b j e c t i o n t h a t o n e u s u a l l y r a i s e s a g a i n s t 
t h e c o n s t r u c t i o n of ( s t o r a g e r i n g s i s t h e d i f f i c u l t y of 
e x p e r i m e n t i n g a r o u n d t h e m . I p e r s o n a l l y f e e l t h a t a t 
l e a s t p a r t of t h i s d i f f i c u l t y c a n b e a t t r i b u t e d t o o u r 
m e n t a l f l a b b i n e s s . F r o m ( lack of i m a g i n a t i o n w e a r e 
l e d t o e x t r a p o l a t e f r o m e x p e r i e n c e w i t h p r e s e n t 
a c c e l e r a t o r s . W e s h o u l d n o t f o r g e t i n s t e a d t h a t , s o f a r , 
n e a r l y e v e r y t i m e n e w e x p e r i m e n t a l p r o b l e m s h a v e 
a r i s e n , t e c h n o l o g y h a s p r o v i d e d f r e s h s o l u t i o n s . 

A p a r t f r o m t h i s , t h e e x t r a p o l a t i o n s f r o m p r e s e n t 
t e c h n o l o g i e s d o n o t l o o k d i s c o u r a g i n g . 

L e t u s c o n s i d e r t h e g e n e r a l c h a r a c t e r i s t i c s of t h e 
r i n g s p r o p o s e d f o r C E R N . T h e r a t e of p r o t o n - p r o t o n 
c o l l i s i o n s w i l l b e a b o u t 1 0 4 - 1 0 5 i n t e r a c t i o n s p e r 
s e c o n d a n d w i l l t a k e p l a c e w i t h i n a v o l u m e of 
45 X 1 X 6 = 140 c m 3 . M o s t of t h e s o l i d a n g l e a r o u n d 

t h a t r e g i o n w i l l b e f r e e . T h e i n t e r a c t i o n s w i t h t h e 
r e s i d u a l g a s ( a t a p r e s s u r e of 10~ 1 0 t o r r ) w i l l c r e a t e a 
s i g n a l - t o - b a c k g r o u n d r a t i o of t h e o r d e r of o n e . 

E x p e r i m e n t s o n p - p c r o s s - s e c t i o n a n d s c a t t e r i n g w i l l 
b e ' e a s y ' a n d w i l l n o t foe d i s c u s s e d . 

I s h a l l i n s t e a d m e n t i o n t h e p o s s i b i l i t i e s of w h a t i s 
n o w o u r ' m a i d of a l l w o r k ' , t h e s p a r k c h a m b e r . T h e 
f a c t t h a t i t c a n b e t r i g g e r e d a n d t h a t i t c a n i g n o r e a 
r a n d o m b a c k g r o u n d c o u n t i n g r a t e of l O V s e c o n d o r 
m o r e w i l l a l l o w t h e u s e of t h i s i n s t r u m e n t a t s m a l l 
d i s t a n c e s f r o m t h e c o l l i s i o n r e g i o n i n t h e I S R . D e f i n i t e 
e x p e r i m e n t s u t i l i z i n g i s p a r k c h a m b e r s h a v e a l r e a d y 
b e e n d e s i g n e d , f o r e x a m p l e b y D a y t o n . W i t h t h e m 
o n e c a n i d e n t i f y a n d s t u d y i s o b a r p r o d u c t i o n i n t h e 
f o r w a r d a n d i n t h e b a c k w a r d d i r e c t i o n s b y m e a s u r i n g 
t h e m o m e n t a a n d t h e d i r e c t i o n of e m i s s i o n of t h e 
s e c o n d a r i e s . 

B u t I w a n t t o p o i n t o u t t h a t w i t h t h e s t o r a g e r i n g s 
o t h e r , l e s s ' a d h o c ' , i n s t r u m e n t s c o u l d a l s o b e s u c c e s s ­
f u l l y u s e d . F o r i n s t a n c e , l e t u s c o n s i d e r t h e b u b b l e 
c h a m b e r , a n i n s t r u m e n t t h a t g e n e r a l l y i s n o t t h o u g h t 
of a s u s e f u l f o r c o l l i d i n g - b e a m e x p e r i m e n t s b e c a u s e i t 
c a n n o t b e t r i g g e r e d . H o w e v e r , a h y d r o g e n b u b b l e 
c h a m b e r c a n foe o p e r a t e d w i t h a 1 - c m p i p e g o i n g 
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M. Bron (CERN-SB G. 52-117-R) 

t h r o u g h i t . I n t h i s p i p e , t w o i n t e r s e c t i n g b e a m s of 
p r o t o n s c o u l d p r o d u c e 1 0 2 i n t e r a c t i o n s p e r s e c o n d . 
W h e n t h e c h a m b e r i s e x p a n d e d a t r a n d o m , i n 10°/o of 
t h e c a s e s o n e i n t e r a c t i o n t a k e s / p l ace w i t h i n t h e o n e 
m i l l i s e c o n d d u r i n g w h i c h t h e c h a m b e r i s a t i t s o p t i m u m 
s e n s i t i v i t y . T h e i l l u m i n a t i o n a n d t h e p i c t u r e t a k i n g 
c a n t h e n b e t r i g g e r e d b y c o u n t e r s s e n s i n g t h e s e c o n d ­
a r i e s . A 1 5 - k i l o g a o s s v e r t i c a l f i e l d ^can toe p r e s e n t , 
c o m p e n s a t e d b y e q u a l a n d o p p o s i t e f i e l d s o u t s i d e t h e 
c o l l i d i n g r e g i o n b u t s t i l l i n t h e l o n g f r e e s e c t i o n . T h e 
b u b b l e c h a m b e r w i l l g i v e a d e t a i l e d d e s c r i p t i o n of 
w h a t h a p p e n s n e a r t h e o r i g i n . T h e s t o r y c a n b e c o m ­
p l e t e d b y i s p a r k c h a m b e r s p l a c e d f u r t h e r o u t . 

P r o m i s i n g p o s s i b i l i t i e s a r e o f f e r e d b y t h e r e c e n t 
a d v a n c e i n c o u n t e r t e c h n i q u e r e a l i z e d a t C E R N b y 
C h a r p a k a n d D i c k * . P r e v i o u s l y , t h e s i g n a l p r o d u c e d 
i n a l a r g e s c i n t i l l a t o r , s a y 1 m e t r e l o n g , c o u l d n o t b e 
u s e d w i t h r e s o l v i n g t i m e s s h o r t e r t h a n a b o u t 2 n a n o ­
s e c o n d s , b e c a u s e of d i f f e r e n c e s i n t h e p a t h f o l l o w e d b y 
t h e l i g h t r e a c h i n g t h e p h o t o m u l t i p l i e r s , d e p e n d i n g o n 
w h e r e t h e p a r t i c l e c r o s s e d t h e c o u n t e r . N o w t h e l i m i t 
h a s b e e n r e d u c e d t o 0.2 n s b y summing t h e t i m e s 
m e a s u r e d b y t w o i p h o t o m u l t i p l i e r s , p l a c e d a t t h e t w o 

See, for example , G. Charpak , L. Dick and L. F e u v r a i s : 
Loca t ion of t he posi t ion of a pa r t i c l e t r a j ec to ry in a sc int i l ­
l a to r ; Nuclear Instruments and Methods, vol. 15 (1962), 
p p . 323-326. 

e x t r e m e s of t h e c o u n t e r , 
e x p l a n a t o r y . 

T h e f o l l o w i n g f i g u r e i s se l f -

photo-
multiplier 

no. 2 

time-to-
pulse-
height 

converter v 2 

large scintillator 

A t = 0 . 2 n s 

v,+v, 

A x = 2 c m 

V, 

photo-
multiplier 

no. 1 

time-to-
pulse-
height 

converter 

O n t h e o t h e r h a n d , t h e t i m e difference b e t w e e n t h e 
t w o p h o t o m u l t i p l i e r i s i gna l s g i v e s t h e p o s i t i o n of t h e 
i o n i z i n g p a r t i c l e t h a t c a u s e d t h e f l a s h of l i g h t . A 
s y s t e m of t h e s e c o u n t e r s c a n t h u s m e a s u r e t i m e s of 
f l i g h t w i t h a p r e c i s i o n of a f e w 10~ 1 0 s a n d i d e n t i f y t h e 
p a t h of t h e p a r t i c l e t o w i t h i n a f e w c e n t i m e t r e s ( t h e 
' v e l o c i t y ' o f l i g h t i n a P e r s p e x l i g h t p i p e i s a b o u t 
10 c m p e r n a n o s e c o n d ) . 

W h a t d o e s t h i s m e a n f o r s t o r a g e - r i n g e x p e r i m e n t s ? 
I t m e a n s t h a t t i m e - o f - f l i g h t m e a s u r e m e n t s o v e r 
d i s t a n c e s of a f e w m e t r e s c a n d e t e r m i n e L o r e n t z 
f a c t o r s ( = t o t a l e n e r g y / m e 2 ) u p t o a v a l u e of a b o u t t e n , 
a n d t h i s w i t h l a r g e c o u n t e r s , t h a t i s w i t h l a r g e 
a p e r t u r e s , s i n c e t h e a c t u a l p a t h w i l l foe k n o w n t o o . A 
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s i m u l t a n e o u s m o m e n t u m m e a s u r e m e n t w i l l t h e n g i v e 
t h e m a s s of t h e p a r t i c l e , a n d t h i s i s w h a t w e n e e d f o r 
d i s c o v e r i n g h e a v y , ' s t a b l e o r s e m i - s t a b l e p a r t i c l e s 
p r o d u c e d a t l a r g e a n g l e s b y c o l l i d i n g b e a m s . 

A t t h i s p o i n t o n e m a y a s k w h a t i s t h e p r o b a b i l i t y of 
p r o d u c t i o n , p e r i n t e r a c t i o n , of a p a i r of s u c h h e a v y , 
s t r o n g l y i n t e r a c t i n g p a r t i c l e s , s a y a q u a r k 15 t i m e s 
h e a v i e r t h a n a p r o t o n ? T h e r u l e of t h u m b i s : 

p r o b a b i l i t y p e r i n t e r a c t i o n ^ ( m ^ / M ) 2 , 
g i v i n g ^ 1CT4 w i t h M = 15 G e V , 

( m ^ = m a s s of JT m e s o n ) . 

S i n c e a s y s t e m of l a r g e a n d f a s t s c i n t i l l a t o r s c a n 
c o v e r a s o l i d a n g l e of a b o u t 0.1 s t e r a d , t h e r a t e of 
m e a s u r a b l e e v e n t s c o u l d b e a b o u t 100 p e r h o u r — a 
c o m f o r t a b l e o n e — if t h e s e p a r t i c l e s e x i s t . 

Why go on ? 

I c a n n o t f i n i s h w i t h o u t a s k i n g t h e g e n e r a l q u e s t i o n 
t h a t i n v o l v e s u s a l l . W h y d o w e w a n t t o k n o w t h e s e 
t h i n g s , a n d urgently ? C o u l d i t n o t b e t h a t w e a r e a 
c a s t of m a n i a c s , w h o t r y t o s o l v e p r o b l e m s c r e a t e d 
o n l y b y o u r m a c h i n e s , p r o b l e m s n o t a t a l l i m p o r t a n t 
f o r t h e e q u i l i b r i u m of n a t u r e , t h e n a t u r e w e l i v e i n ? 

If t h a t w e r e t h e c a s e , if o u r p u r e s c i e n c e w e r e so 
p u r e a s t o b e of n o f o r e s e a b l e u t i l i t y , t h e n I f e a r t h a t 
i n t h e l o n g r u n S o c i e t y w o u l d s t o p u s f r o m p r o g r e s s i n g 
so f a s t . W e b e g i n t o b e a b u r d e n t o S o c i e t y w h e n w e 
g o o n a s k i n g f o r l a r g e r a n d c o s t l i e r a c c e l e r a t o r s . 

M y a n s w e r t o t h e s e d i s t u r b i n g q u e s t i o n s i s t h a t , 
p r a c t i c a l a p p l i c a t i o n s a p a r t , w e a r e n o t so q u e e r a n d 
t h a t o u r p r o b l e m s a r e n o t B y z a n t i n e . M y f a i t h c o m e s 
f r o m t h e f a c t t h a t t h e r e a r e p l a c e s i n t h e u n i v e r s e w h e r e 

m a t t e r c o n s i s t s u n i q u e l y of p a r t i c l e s h a v i n g a n e n e r g y 
of 1 0 1 2 - 1 0 1 3 e V e a c h , a n d t h e s e p l a c e s a r e l i g h t y e a r s i n 
d i m e n s i o n s a n d c o n t a i n a n u m b e r of p a r t i c l e s e q u i ­
v a l e n t t o m i l l i o n s of s u n s . I h a v e i n m i n d , of c o u r s e , 
t h e c e n t r e of t h e r a d i o g a l a x i e s . 

M e s o n i c m a t t e r i s t h u s n o t o n l y p r o d u c e d i n t h e o d d 
s i t u a t i o n s p r e s e n t i n o u r a c c e l e r a t o r s (o r i n t h e e v e n 
m o r e o d d o n e t h a t w i l l b e c r e a t e d b y c o l l i d i n g b e a m s ) , 
b u t i t i s a l s o t h e b a s i c m a t t e r a t t h e c e n t r e of n o t - s o -
r a r e g a l a x i e s . P o s s i b l y e v e n t h e a p p a r e n t r a r i t y of 
t h e s e o b j e c t s i s d u e t o t h e f a c t t h a t g a l a x i e s r e m a i n i n 
t h o s e c o n d i t i o n s o n l y f o r a s m a l l f r a c t i o n of t h e i r 
e v o l u t i o n . P e r h a p s a l l g a l a x i e s , a l l of u s , w e n t o r w i l l 
g o t h r o u g h t h a t s t a g e . T h u s t h e G e V , t h e T e V w o r l d * 
c a n n o t b e a n a b s t r a c t i o n , s i n c e i t i s d e e p l y c o n n e c t e d 
w i t h t h e n a t u r e t h a t s u r r o u n d s u s . I t i s e v e n i m a g i n ­
a b l e t h a t i n t i m e w e w i l l toe a b l e t o e x p l o i t i t t o o u r 
a d v a n t a g e . 

T h e p a r a l l e l w i t h s t e l l a r e v o l u t i o n i s t o o b a n a l f o r u s 
t o d a r e t o t h i n k t h a t , m u t a t i s m u t a n d i s , i t w i l l b e a p p l i ­
c a b l e i n t h i s c a s e . B u t I c a n n o t h e l p r e c a l l i n g t h a t 
w h a t , f o r t y y e a r s a g o , l o o k e d l i k e t h e i m p o s s i b l e 
p r o b l e m of u n d e r s t a n d i n g h o w t h e c e n t r e of t h e s u n 
k e p t o n b u r n i n g i s n o w a d a y s r e d u c e d t o t h e s t i l l 
d i f f i c u l t b u t n o t so i m p o s s i b l e p r o b l e m of m a k i n g 
n u c l e a r e n e r g y e c o n o m i c a l l y c o m p e t i t i v e w i t h c o a l 
b u r n i n g . 

C a n w e a f f o r d t o b e i g n o r a n t a b o u t t h e s e p r o b l e m s ; 
c a n w e a v o i d a s k i n g w h a t i s t h e e q u a t i o n of s t a t e of 
m a t t e r a t t h e s e e x c i t a t i o n s , w h a t a r e t h e p r o p e r t i e s of 
a m a s s c o l l a p s i n g t o w a r d s t h e r e l a t i v i s t i c l i m i t ? C a n 
w e a f f o r d t o w a i t ? A c c o r d i n g t o t h e r u l e s of t h e 
h u m a n g a m e , w e m u s t g o a h e a d , a n d a s f a s t a s w e c a n © 

* TeV: 1 Te ra -e l ee t ronvo l t = 101 2 eV = 1000 GeV. 

BOOKS 
Nuclear radiation detection, by Wil l iam J . Price (New 

York, McGraw-Hill Book Co., 2nd ed. 1964; $12 .75 ) . 

This volume is the second edi t ion of a text-book deve­
loped for use by students of the Nucleonics Instrumentat ion 
Course at the U.S. Air Force Inst i tute of Technology. In 
the book, according to the author, 'an attempt is made to 
collect the basic information on all the important nuclear-
radiation detectors in use today . . . including sufficient 
specific information to enable the reader to select his own 
detect ion equipment and, in many cases, to apply it'. 
Although not expl ic i t ly stated, the main emphasis is on those 
problems and techniques most frequently met in reactor 
physics, low-energy nuclear physics and dosimetry. 

The first chapter covers many of the essential aspects of 
the interact ion of radiation wi th matter, treating particularly 
proton, neutron, electron, gamma-ray and fission-fragment 
interactions. This, together with the next two chapters, 
surveying detect ion methods and the statistics of detect ion 
systems generally, provides a foundat ion for the more 
detai led study of detectors in the fol lowing sections. 

Succeeding chapters are devoted to ionizat ion chambers, 
Geiger-Miiller counters, proport ional counters, scint i l lat ion 

detectors, and semiconductor radiation detectors. The 
chapter ent i t led 'Photographic emulsions and other detect ion 
methods' , which briefly ment ions cloud chambers, bubble 
chambers and spark chambers, includes a section on chemi­
cal and calorimetric techniques . A separate chapter is 
devoted to methods of neutron detect ion, because of the 
special problems involved and because of the importance of 
neutron measurements . In the concluding chapter a more 
detai led treatment of the electronics used for nuclear-
radiation detect ion is given. 

The scope of this single vo lume is large; consequently , 
the treatment is mainly descript ive and litt le attempt is 
made to derive most of the equations used. Nevertheless , 
much quantitat ive data are given and a useful guide to 
students is provided by means of frequent numerical 
examples interspersed throughout the text. A good balance 
is obtained between practical and theoret ical considerations 
and, on the whole , the aims of the author can be considered 
to have been largely fulf i l led. 

Al though the treatment is generally concise and the 
presentat ion logical there are, occasionally, passages which 
are either misleading or not al together clear. For example , 

Continued on p. 108 
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Vacuum 

Backing 
Pumps 

Wismer AG 
Oerlikonerstrasse 88 

8057 Zurich 

Tel. 051 46 40 40 

with automatic addition and fi l tration 

of oil. 

Backing pumps working with 

a high suction pressure 

show appreciable losses of oil 

which escapes 

with the expelled air. 

The problem of making up the oil 

charge of the pump continuously and 

automatically has been 

solved by HERAEUS in a simple and 

interesting way. 

At the same time the pump oil 

is f i l tered. 

We shall be pleased to place detailed 

documentation at the disposal 

of our customers. 

the variation of photomult ip l ier s ingle-electron pulse 

ampli tude is due to the statistical nature of the multi­

pl icat ion process rather than to any 'variation in secondary-

emission ratio', as stated on p. 181. In discussing noise in 

pulse amplifiers on p. 381, it is not 'the low resistance 

associated with a short c l ipping-t ime constant . . .' that 

would make '. . . thermal noise intolerable' , but rather the 

correspondingly increased bandwidth; indeed, the noise 

generated by the resistor decreases with its resistance. The 

fact that the d.c. feedback amplif ier on p. 406 is phase-

inverting is not ment ioned, and there is confusion in the 

appl icat ion of the appropriate sign, which appears correctly 

in some equations and wrongly in others. No explanat ion 

is given here of the virtual-earth principle and it is by no 

means clear that 'the amplif ier (of gain G) is seen to act 

as a current amplif ier . . .' wi th the feedback acting such 

that ' . . . t h e input capacitance C is reduced to C/ ( l + G)'. 

The t ime constant of the input circuit is indeed reduced 

to RC/(1 + G), but because the feedback reduces the input 

resistance R to R / ( l + G) rather than affecting C. 

Many additions have been made since the first edit ion, 

and the extensive set of references has been largely brought 

up to date. Newcomers to the field of nuclear radiation 

detect ion should find the book useful, and the chapter 

devoted to semiconductor detectors should prove valuable 

as an introduct ion to the subject. Notable omissions in the 

range of topics covered are t ime-of-f l ight techniques , and 

only very l itt le space is devoted to mult ichannel analysers. 

On the other hand, it is diff icult to see why any space was 

devoted, for example , to bubble chambers in a volume 

which otherwise almost complete ly ignores high-energy 

radiation. 

B. Z . 
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Nal (Tl), Gsf (Tl ) and Lil (Eu) 

Scintillation Crystals 
S T A N D A R D M O U N T E D C R Y S T A L S A N D 
CRYSTAL PHOTOMULTIPLIER ASSEMBLIES 
# W I D E RANGE OF CRYSTALS 
High quality Nal (T l ) , Csl (Tl) and Lil (Eu) 
crystals available in a wide range of sizes and 
types of m o u n t Linear dimensions of crystals 
f rom 0.003 in. to 12 in. 
# EXCELLENT Nal (T l ) RESOLUTION FOR 
GAMMA RAYS 
7.0 to 9.0% resolution on Cs 137 gamma ray 
photopeak for crystals up to 3 in. x 3 in. and 
larger crystals average 8 to 10%. 
# SPECIAL MOUNTINGS 
Special crystals available include wel l and f low 
types and X-ray mounts. 
# THIN Csl (Tl ) CRYSTALS FOR HEAVY 
PARTICLES 
Four per cent resolution on Po alpha particles 
obtainable. 
# Lil (Eu) NEUTRON DETECTOR 
Mounts for s low and fast neutron detection. 
Resolution of 14 MeV neutrons averages 6%. 
# IMPROVED RESOLUTION W I T H NEW HIGH 
QUALITY ASSEMBLIES 
A completely new range of scinti l lation crystal 
head units combining high quali ty Na l (T I ) , 
Csl(TI) and Lil (Eu) scinti l lation crystals w i th 
speciallyselected high resolution photomult ipl iers. 
# LEAD COLLIMATORS 
A series of f ive focussing wide angle or parallel 
bore lead coll imators available for several crystal 
assemblies. 
# SPECIAL LOW BACKGROUND ASSEMBLIES 
Special assemblies w i th quartz, stainless steel, 
and copper components for very low level 
detection are available. 
# PREAMPLIFIER-DYNODE CHAIN UNITS 
A compact cathode fol lower preamplifier unit 
including a dynode resistor chain available for 
f i t t ing in all assemblies. 
# ANTI-COMPTON BACKGROUND SHIELDS 
Large organic or inorganic scintil lator shields are 
available to reduce Compton background. 

Some excellent results recently obtained w i th a 
10 in. diameter by 12 in. depth Nal (Tl) crystal 
v iewed by seven 3 in. photomult ipl ier tubes are 
as fo l lows: -

Resolution 

Cs137 (0.662 MeV) 8.3% (axial uniformity. ± 1%). 
ThC" (2.62 MeV) 5.7% 
F19 (p ,ay ) 6.14 MeV 5.2% 
T (p ,y) 20.5 MeV 6.9% 

4 £ 

f ~ — — ~ — 

PULSE HEIGHT (VOLTS) 

Glass Scintillators 
Typical thermal neutron 
"peak " obtained w i th NE 
905 glass scintillator. 

T Y P E : Cerium activated lithium silicate glasses. 
L I T H I U M CONTENT: 7.5% or 2.5% by weight of Li enriched in Li 6 to 
96%, Li depleted in Li 6 (Li 7 99.99%) or natural Li. 

I NEUTRON DETECTION EFF IC IENCY: For i- in. thick glass with 7.5% Li 6 

^ ( N E 905) detection efficiency for thermal neutrons is 99%. 
^ For 1 in. thick glass detection efficiency for 1 keV neutrons is 
I approximately 20%. 
I D ISCRIMINATION AGAINST G A M M A R A D I A T I O N : Excellent especially 
I with thin glass (see graph). 
I L IGHT O U T P U T : 30% anthracene. 
I STABIL ITY : Chemically inert and stable up to 600°C. 

DECAY CONSTANT : 75 x 10" 9 seconds. 

C L A R I T Y : Optically clear. 

Glass scintillators for use with pulse shape discrimination technique 
(NE 907 and NE 908) are now available. 

CATALOGUE 1965/66 (102 pages fully illustrated) giving f u l l 
details of specifications available on request. 

NUCLEAR ENTERPRISES (G.B.) LTD. 
SIGHTHILL, EDINBURGH 11, SCOTLAND 

Telephone: CRÀ 4060. Cables: 'Nuclear, Edinburgh1 

Canadian Associate: Nuclear Enterprises Ltd., 550 Berry St., Winnipeg 21. ,:pj 
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35 Me M U L T I S C A L E R S Y S T E M 

WITH AUTOMATIC RECORDING 
OF INFORMATION 
Completely transistorised 
Guaranteed to work up to 55° C (131° F) 
version of the system developed at CERN - the European 
Organisation for Nuclear Research. 
Compatible with CERN standard systems. 
Results recorded by print, punch or magnetic tape. 
Rapid adaptation by general control unit to all usual recording 
systems. 
Scaler input level : 500 mV min., 12 V max. Resolution better than 
30ns with tr iple pulsing. 

ACCESSORY PLUG-IN UNITS : 

• Code converter 
• Time base 
• Delay unit 
• Control unit 
• Scaler convertible from 2 x 3 to 1 x 6 decades 
• 10 channel pattern unit 
• Parameter indicator 
• Remote control box 

OTHER PRODUCTS : 

• Fast discriminators 
• Fast linear gates 
• Triple coincidence units 
• Delay boxes 
• Attenuators 
• Photomultiplier bases 
• Transistorised power supplies 

S T U D Y A N D D E V E L O P M E N T O F S P E C I A L A P P A R A T U S 

PLANNING AND PRODUCTION OF EQUIPMENT 
FOR INDUSTRIAL AUTOMATISATION 
AND DATA HANDLING 

SOCIÉTÉ D'ÉLECTRONIQUE NUCLÉAIRE 
73, RUE DE LYON - GENÈVE/SUISSE - TÉLÉPHONE: (022) 44 29 40 

AGENTS: ZURICH OFFICE: M. Georges HERREN, Dip!. Ing. ETH. • FRANCE : 
S.A.I.P. MALAKOFF (Seine) • ITALY: SOC. EL. LOMBARDA-SELO MILAN • 
GERMANY: HERFURTH GmbH. HAMBURG-ALTONA • HOLLAND : DESSING-ELEC-
TRONICA AMSTERDAM-Z • SWEDEN :OLTRONIX A.B.VÂLLINGBY/STOCKHOLM • 
U.S.A.: NUMINCO APOLLO, Pa. • ISRAEL: PALEC LTD. TEL-AVIV • AUSTRALIA: 
A. A. GUTHRIE PTY, Ltd. MARRICKVILLE, N.S.W. • 
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•IRRADIAJIOJsL I N D U S T R I E L L E ^ 
J R A T ^ O T H E R A P I E U L f R A - P E N E T R A N 

/ G A M M A G R A P H I E \ / 

JLe Département Accélérateur de la CSF met à votre service ses.. 
*15 ans d'expérience dans la conception et la réalisation indus­
trielles d'accélérateurs de particules : linéaires à électrons, à 

-protons, à ions lourds, cyclotrons isochrones./ \ l ' — 

CSF - COMPAGNIE GENERALE DE TELEGRAPHIE SANS F 

"CSF - CENTRÉ DE PHYSIQUE ELECTRONIQUE ET C O R P U S C U L A I R E - - / ^ ^ 
'Domaine de Corbeville - Boîte Postale N° 10 - ORSAY - (Seine-et-Oise) - Tél. : 928-47-20, 
^Exportation X . 
CSF - DIVISION INTERNATIONALE - 79, Boulevard Haussmann, PARIS 8 e - Tél. : 265-84-60 

M S F I L r r ^ L 

m 



Adsorption and 
Desorption of 
Water Vapour on 
«Molecular Sieve 5 A» 
pi = 0.060 torr, p 2 = 0.085 torr, T = 320 °K 

SORBOPRINT SPG 1 
A complete measuring equipment for: 

Adsorption 
Isobar measurement of the adsorption or desorption rate. 
Also determination of adsorbed or desorbed gas quantities. 
Absorption 
Determination of coefficients of diffusion and of gas 
solubility. 

Permeability 
Determination of the penetration times. 
Measurement of diffused gas quantities. 

Drying 
Determination of the solvent content. 
Measurement of the drying speed. 

BET- isotherms 
Determination of specific surfaces. 

® 

B A L Z E R S A K T I E N G E S E L L S C H A F T F U R H O C H V A K U U M T E C H N I K U N O D U N N E S C H I C H T E N 
F L - 9 4 9 6 B A L Z E R S * P R I N C I P A L I T Y O F L I E C H T E N S T E I N 

DISTRIBUTED BY BEN DIX-BALZERS VACUUM, INC . ROCHESTER, NEW YORK 


