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The cover photograph was taken during the 
Christmas shutdown of the 600 MeV synchro
cyclotron. It shows the centre of the machine 
as seen from the 'neutron platform'. The 
mechanic is mounting a fixture for dri l l ing the 
holes used for fixing new ion source support 
contact fingers. The mouth of the dee can be 
seen behind the vertical clamp. 
The main article in this issue of CERN COURIER 
is devoted to the improvements programme for 
the synchro-cyclotron. 
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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 2200 people. 

In addition to the scientists on the staff, there are over 350 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 e v a l u a t i o n ^ 

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 860000 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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31st Session of CERN Council 

The Council met at CERN on 15 and 16 December 1965. Major decisions on the improvement programme for the 
existing installations and on the intersecting storage ring project were reported briefly in the January issue of the 
COURIER. This article amplifies the information concerning these decisions and in addition covers a review by 
Professor Weisskopf of the contribution of CERN to high energy physics during his five years as Director General. 

Professor Weisskopf, making his last appearance 
(before the Council as Director General of CERN, pre
sented a review of the contribution of CERN and its 
collaborating Laboratories throughout Europe, to the 
progress of high energy physics. The following para
graphs are a condensed version of this review. 

" A b o u t the beginning of 1980 a n e w w a v e of d is 
cover ies was breaking loose in high energy physics . 
It was realized that the e lementary part icles exist in 
m a n y quantum states or ' resonances ' . The exis tence 
of these quantum states has domina ted high energy 
phys ics ever since and their systematic study has 
started a n e w discipline — the spec t roscopy of e l e 
mentary particles. W e are b y n o w aware of some 
under ly ing mechan i sm of w h i c h the detai led structure 
remains to b e d iscovered and exp lo red . 

In addit ion to the field of 'strong interactions' , w h i c h 
w a s opened up b y the n e w spect roscopy, there are the 
' w e a k interactions' and the 'e lect romagnet ic inter
actions' . In I960, the field of w e a k interactions w a s 

\still absorbing the d i scovery of the viola t ion of pari ty 
in 1957. This d i scovery has enabled the mechan i sm of 
the interaction to b e formula ted in a m o r e systematic 
w a y and y ie lded relevant quest ions w h i c h m a y clarify 
the basis of these myster ious interactions. A t the same 
time, the field of e lec t rodynamics had an exce l len t 
theory of the interaction of charged particles wi th the 
radiat ion field. But the theory still faced fundamental 
p rob lems such as the exis tence of t w o types of e lectron 
(the light and the heavy electron o r muon) , and the 
e lec t romagnet ic propert ies of the s t rongly interacting 
particles. 

CERN contribution 

I w o u l d l ike to present to y o u the contr ibut ion of 
C E R N to the attack on these p rob lems . The tables 
inc lude some of the important research results f rom 
C E R N or its European col laborators in the per iod f rom 
1960-65. The results under l ined w e r e either obtained 
for the first t ime in Europe or m o r e thoroughly invest ig
ated here than elsewhere. 

1. 'New particles' 

a) Baryons 
Antistates: 

E, JT, Y* 
Exci ted states: 

Y*(l ,5/2) Y*(0,5/2) 
B*(V2,?) B*(?,?) 

b) Mesons 
f(0,2), K*(72,2) 
E(0,?), D(0,1) 
A i ( l , l ) , A 2 ( l , 2 ) 
C(??), ( K + K + ) (?,?) 
propert ies of mesons 

The exper iments w e r e of var ied character, results 
coming largely f rom b u b b l e chamber research but wi th 
important contr ibut ions f r o m counter and spark chamber 
exper iments . The impor tance of Europe 's contr ibut ion 
to the d i scovery and classification of ba ryon and meson 
states can be roughly gauged f rom the number of papers 
publ ished on the subject (al though this says nothing 
about the quali ty of the papers) . F r o m 1960 to 1965 
about 3 0 % w e r e wri t ten b y European groups even 
though CERN has really on ly been fully operat ive for 
the last t w o or three years. 

In the last f e w years the study of the n e w spec t ro
scopy of particles has led to some conclus ions about 
certain symmetr ies (SU3, SUe or U 1 2 ) to w h i c h the 
u n k n o w n under ly ing structure is subjected. The T h e o 
retical Studies Divis ion at CERN, w h i c h is in some w a y s 
the European nerve centre of theoretical studies in e l e 
mentary part icle physics , has part icipated act ively in the 
classification of ideas regarding these n e w symmetries . 

2. Strong interactions 
a) Theory 

Regge poles 
Diffraction scattering 
Pomeranchuk theorem 
Peripheral mode l 
(meson exchange) 
General field theory 

b) Experiment 
Shrinking of diffraction 

peak 
Quasi-elast ic scattering 
Total cross-sect ions 
Per ipheral processes 
Charge exchange coll is ions 

Al l the coll is ion processes w h i c h lead to the product ion 
of the exc i ted quan tum states are strong interaction 
processes. It w a s a lways the tendency among the 
physicists connec ted wi th CERN, to study these p r o 
cesses and their mechan i sm and not on ly the products . 
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M u c h pioneering w o r k in this direct ion was done at 
CERN and in Europe. 

3. Weak interactions 

a) Theory b) 
Cab ibbo angle 
Symmetr ies 
CP viola t ion 
(5th force) 

Experiment 

Neutr ino 

2 decay 

K° decay 
A decay 
S decay 
j t + decay 
K ° 2 decay 

lepton conservat ion 
M w > 2 G e V 
f o r m factors 

( 2 - A) pari ty 
e/fi ratio 
AS / AQ = 1 
A S / A I = 1 
Cv / C A 

(AI = V 2 ) 

( j t + - > JT°) 

(energy dependence) 
ji capture in H 
[i decay (electron polarization) 
Precise measurement of universal 
w e a k charge. 

The w e a k interactions have a lways been in the centre 
o f interest at CERN. One of the first decis ive expe r i 
ments on the 600 M e V synchro -cyc lo t ron in 1957 
established the decay of the p ion into electrons. The 
neutr ino exper iments have been v e r y fruitful and 
currently, after the d i scovery of CP viola t ion at B r o o k -
haven, intensive research is u n d e r w a y on this p rob lem. 

4. Electromagnetic interactions 

a) Pure interactions b) Electric hadron proper
ties 

(g-2) exper iment A magnet ic m o m e n t 
(muon magnet ic momen t ) j t ° l i fet ime 
Y - r a y absorpt ion J T ° - > 3 Y 
e + annihilation T ime- l ike f o r m factor of 
ju-e scattering p ro ton 
Theoret ical calculat ions 

CERN is p ioneer ing and is ahead of other L a b o r a 
tories in the invest igat ion of the r iddle of the heavy and 
l ight electrons. W e have also recent ly m a d e an 
impor tant contr ibut ion to k n o w l e d g e of the e lec t ro
magnet ic structure of protons and mesons . The 'electric 
heart-beat ' , as it were , of the part icle was measured 
and surprisingly p r o v e d a thousand t imes weake r than 
expec ted . 

5. Nuclear structure 

D o u b l e hypernucle i 
Muon ic X - r a y s (quadrupole moments ) 
He4 exci ted states 
P ion doub le -charge e x c h a n g e 

M u o n capture rates 

Theoret ical studies 

This research started late but is n o w in full swing, 
ma in ly on the synchro -cyc lo t ron . Europe was a lways 
advanced in this field, bo th in theory and exper iment , 
and at CERN w e have a un ique oppor tuni ty to apply 
h igh energy beams to these questions. 

Four reasons 

This r ev i ew shows that CERN and the other European 
Laborator ies are today in the forefront of nuclear and 

elementary part icle physics . The results could have 
been more impress ive; some of the recent sensational 
discoveries w e r e m a d e e lsewhere . Nevertheless the 
w o r k done in Europe is n o w on a level wi th that at 
other similar research centres. 

There are, in m y v iew, four reasons for this satis
factory state of affairs. The first is the quali ty of the 
people work ing at CERN. W e have a devoted and 
enthusiastic group of col laborators , w h o cove r a w i d e 
spect rum of abilities. 

The second reason is the quali ty of our equipment 
and research facilities. The t w o accelerators are in 
excel lent condi t ion wi th an unusual ly high reliabili ty of 
per formance . M a n y n e w facilities have been brought 
into use as a result of a long- range deve lopment p r o 
gramme. T o d a y w e have wel l - func t ioning systems for 
fast and s l o w eject ion a l lowing a m u c h better e x p l o i 
tation of the beam. W e have deve loped a ve ry rel iable 
set of electrostatic separators and recent ly put into use 
a rad io- f requency separator, w h i c h was the first in the 
w o r l d to b e explo i ted for exper iments . CERN has 
constructed a heavy l iquid b u b b l e chamber w h i c h is at 
present the largest in the wor ld , and a 2 m hydrogen 
chamber w h i c h was put into use a year ago and has 
w o r k e d faultlessly. For our data handling faci l i t ies ,^ 
w e acquired last year a n e w compute r — the C D C 6600 
— w h i c h should p rov ide us wi th the most advanced 
comput ing devices for all our needs. Automat ic scan
ning machines for t rack chamber pictures, the H o u g h -
P o w e l l D e v i c e and the Luc io le Device , w e r e conce ived 
and deve loped at CERN. T h e H P D is n o w in use all 
ove r the wor ld . 

The third contr ibut ing factor to our w o r k is the 
excel lent support w h i c h w e have rece ived f rom the 
M e m b e r States: f rom the scientific communi ty and f rom 
the governments , v ia the Counci l . The governments 
have looked at C E R N as a centre of fundamental 
science in Europe, w h i c h must be kept going and b l o s 
soming, because Europe w a s the cradle of m o d e r n 
science and should remain in the forefront of it. W e 
feel that CERN had a lways been a pet chi ld of the 
governments ; I am sure the reason for this sympathy 
and support is the fact that CERN is a symbo l of 
European unity, and of successful international c o l l a b 
oration. 

The fourth reason is perhaps the most important one : 
w e w e r e able here at CERN to deve lop an a tmosphere 
favourable for research, a spirit of openness, of d is 
cussion be tween groups, a spirit w h i c h appreciated g o o d 
ideas, a g o o d exper iment , a g o o d result. 

Because of these four reasons, CERN wi l l go on 
produc ing excel lent results. In fact, I am conv inced 
that the real go lden age of C E R N lies ahead. CERN is 
n o w a mature institution; w e have m u c h more e x p e r 
ience in doing things, in thinking about things, in acting 
together. F ive years is a short t ime in the life of an 
institution and this deve lopmen t is bound to go on. 
I am convinced , therefore, that the scientific ach ieve 
ments of CERN and Europe wi l l be m o r e impressive in 
the future. This is w h y I a m looking fo rward to 
Professor Gregory ' s report in 1970, and to the c o r 
responding report of the Direc tor General in 1975, w h e n 
the storage rings and the n e w improvemen t p r o g r a m m e 
wi l l have been put into use. I a m sure that they wi l l 
b e far m o r e impress ive that wha t I could tell y o u 
today." 
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Basic Programme 
Counci l approved a budge t of 149.67 mi l l ion Swiss 

francs for the basic p r o g r a m m e of C E R N in the year 
1966. The basic p r o g r a m m e concerns the exploi ta t ion 
and deve lopment of the exist ing C E R N installations. 
The considerable increase in the budge t ove r that of 
1965 marks the approval of the Counci l for the start of 
an improvemen t p r o g r a m m e on the 28 G e V proton 
synchrotron. 6 mi l l ion Swiss francs are al located to 
this w o r k in 1966. 

The first stage of the PS improvemen t p r o g r a m m e 
wi l l run up to the end of 1968 and wi l l include an 
increase in the repetit ion rate b y a factor of 2 or 3 
( involving a n e w magnet p o w e r supply) ; improved 
exper imenta l facilities (such as a m o r e intense neutrino 
beam, an on- l ine data handl ing installation, a large 
spark chamber , a long pulse r.f. separator) ; the heavy 
l iquid bubb le chamber 'Gargamelle ' , w h i c h wi l l b e 
constructed b y France; and an extens ion of the e x p e r 
imental areas. The improvement s wi l l enable m o r e 
c o m p l e x exper iments to b e done and, in particular, 
using Gargamel le and the m o r e intense b e a m of 
neutrinos, neutr ino physics wi l l b e on a quanti tat ive 
basis for the first t ime. 

The second stage of the p rogramme, planned for 
comple t ion in 1970 and 1971, includes a v e r y large 
hyd rogen bubb le chamber (vo lume of 25 m 3 ) ; a n e w 
200 M e V injector (giving a 4 or 5 fo ld increase in 
intensity per pulse) ; and m o r e advanced exper imenta l 
facilities. This stage represents a further increase in 
quanti ty and quali ty for the PS and its surrounding 
facilities. 

ISR Project 
In addit ion to the basic p rog ramme, w h i c h comes 

under the terms of the original C E R N Convent ion , there 
are t w o supplementary p rogrammes . T h e first of these 
is the intersecting storage r ing project . A t the Counci l 
Session in June 1965 the p ro jec t w a s app roved in pr in
c iple and in D e c e m b e r all the M e m b e r States wi th the 
excep t ion of Greece w e r e able to announce that they 

J* w e r e wi l l ing to participate. A budge t o f 21.7 mil l ion 
Swiss francs was vo ted for 1966. 

The estimated cost for the full project , o v e r the s ix 
years 1966-71, is 332 mil l ion Swiss francs. It covers the 
bui ld ing of t w o intersecting storage rings w h i c h wi l l 
b e supplied wi th protons f rom the 28 G e V P S ; t w o 
col l id ing b e a m halls; one 25 G e V exper imenta l hall 
and all the necessary buildings, laboratories, workshops 
and other services (power and wate r supplies, cool ing 
and control equipment , roads, etc.). 

Professor Lepr ince-Ringue t spoke as Chai rman of the 
Scientif ic Po l i cy Commit tee urging the I S R projec t as 
' sound and highly r ecommendab le ' , p rov id ing the 
greatest degree of f lexibi l i ty w h i c h it can b e hoped to 
obtain wi th this kind of machine . The S P C advised 
that during the first months of the project , be fore large 
sums of m o n e y w e r e commit ted , any possibil i ty of 
improv ing the coll is ion structures b e pursued, so as to 
m a k e the final vers ion of the I S R the best conce ivab le 
wi th in the limits of the site and the financial provis ions . 

A fourth boring being taken at the beginning of January' on 
the French half of the CERN site, as part of the geological 
survey for the ISR project. 

A t present, pre l iminary w o r k is unde rway on the 
newly acquired French site. The area has been fenced 
off. Drainage w o r k s b e t w e e n the P S South Hall and 
the centre of the ISR, and the first sect ion of the service 
tunnel on the French site, connect ing the main sub 
station wi th the ISR, are under construct ion. Early in 
the summer of this year the ma jo r construct ion w o r k 
wi l l begin. 

The intersecting storage rings wi l l b e a unique facility. 
It is the only pro jec t of its type, p roduc ing head -on 
collisions in t w o high energy p ro ton beams, w h i c h is 
going ahead anywhere in the wor ld . Its uniqueness 
leads to n e w and chal lenging technical p rob lems (beam 
stacking in the ISR, ve ry stringent v a c u u m condit ions, 
improved detect ion methods) and wi l l eventual ly a l l ow 
the investigation of ex t remely high energy pro ton inter
actions w h i c h cou ld reveal a n e w range of phenomena . 
Author izat ion for this n e w deve lopment at the CERN 
site contr ibutes cons iderably towards ensuring the 
vitality of CERN in the coming years . 

300 GeV accelerator 
The second supplementary p r o g r a m m e concerns the 

preparatory studies for a future v e r y large accelerator 
w h i c h w o u l d b e buil t e l sewhere in Europe. A budge t 
of 5.2 mil l ion Swiss francs was reques ted to enable this 
w o r k to continue. S o m e M e m b e r States h o w e v e r 
considered that this f igure was too high and that the 
proposed bui ld up during 1966 impl ied a too early f reez
ing of the design and too large commi tmen t s for 1967. 
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Professor Lepr ince-Ringue t said that the Scientif ic 
Po l i cy Commit tee cons idered that it w o u l d b e cata
strophic for the future of C E R N if the preparatory 
studies for the 300 G e V pro jec t w e r e stopped. The 
w o r k i n g group w o u l d b e b roken u p ; it w o u l d b e diff i 
cult to set up again and the breaking up w o u l d g ive the 
impression that the p ro jec t was be ing abandoned for 
a fairly long time. This w o u l d have irreversible effects 
in m a n y countries, w h i c h w o u l d revise the ba lance 
be tween national and international expendi ture . The 
S P C was f i rmly of the opin ion that the preparatory 
studies should continue. 

It was agreed to cont inue the w o r k for three months 
on the basis of a budge t for 1966 of 4 mil l ion Swiss 
francs whi le the p r o b l e m is be ing reconsidered b y the 
Finance Commit tee . 

Nine M e m b e r States offered a total of twen ty - two 
sites for considerat ion as the locat ion of the 300 G e V 
project . This has n o w been reduced to thirteen; Germany 
and Italy are putting fo rward m o r e than one site and 
discussions wi l l b e started short ly wi th the authorities 
concerned to determine the order of preference. Site 
studies are n o w in progress . They include investigation 
of the site itself — geological , geotechnica l and h y d r o -
geologica l — and also invest igat ion of local industrial 
potential, m a n p o w e r availabili ty, housing, etc. Counci l 
has requested an inter im repor t on the site proposals 
at the June 1966 meet ing and comple te dossiers on the 
8 or 10 remaining sites b y June 1967. The President 
reminded the Delegates that a me thod for selecting 
the site remains to be established. 

In addit ion to the site studies, preparatory w o r k 
concern ing the machine itself is u n d e r w a y on a small 
scale. It includes basic design studies for the acce le r 
ator. The European Commit tee on Future Accelera tors , 
w h i c h under the Chairmanship of Professor A m a l d i 
r e c o m m e n d e d the 300 G e V mach ine in its report of 1963, 
has been reconvened to discuss the technical and sc ien
tific p rob lems connec ted wi th the p ro jec t and to g ive 
guidance o n . t h e w o r k to be done during preparatory 
studies. 

And then there were thirteen — 

The sites remaining under active consideration for 
the proposed 300 GeV machine are as follows: 

Austria Gopfritz 
Belgium Focant 
Federal Republic of Germany Djensteinfurt 

Ebersberg 
Reimsbaeh 
Sarrlouis 

France Le Luc 
Italy Doberdo 

Nardo 
Norway Kongsvinger 
Spain El Escorial 
Sweden Uppsala 
United Kingdom Mundford 

There are also general layout studies and feasibili ty 
studies for accelerator componen t s — linear accelerator 
improvements , magnet construct ion p rob lems (exper 
ience is being gained f rom the mode l s for the ISR), r.f. 
accelerat ing systems, induced activity and shielding 
problems, n e w control methods and survey techniques. 

Serpukhov collaboration 
Professor Weisskopf reminded the Counci l that the 

U S S R w o u l d soon b e comple t ing their 70 G e V acce ler 
ator at Serpukhov, w h i c h w o u l d be for several years 
the highest energy accelerator in the wor ld . The p o s 
sibility of C E R N col labora t ion at this research centre 
was being discussed and proposals as to the w a y in 
w h i c h co-opera t ion could b e ach ieved have been put 
fo rward to the USSR. The Counci l supported Professor 
Weisskopf ' s initiative. 

The Session closed, as repor ted in the January issue 
of the C O U R I E R (p. 3), wi th a farewel l speech b y the 
President to Professor Weisskopf after f ive years in 
off ice as Director General , and a w e l c o m e and an 
assurance of cont inued support for Professor Gregory , 
the n e w Direc tor General . 

CERN News 
PS Breakdown 

On the night of 8 February, a 
mechanical accident occurred on the 
main magnet power supply of the 
proton-synchrotron. The PS is shut 
down and the Experimental Planning 
Group is working out proposals for a 
new programme to compensate as far 
as possible for the loss of the experi
mental time which had been scheduled 
up to Easter. 

* * * 

As the protons are accelerated in 
the synchrotron, they are held in their 
orbits of constant radius by a rising 

magnetic field in the hundred magnets 
of the synchrotron ring. This rising 
field is achieved by providing a pulse 
of power (which can be as high as 
34 560 kW) to the magnets. To take 
such large surges of power direct from 
the Geneva electricity grid would 
produce fluctuations in the grid voltage 
at the repetition frequency of the 
machine and affect other users on the 
grid. 

A power supply is therefore intro
duced between the grid and the 
magnets to smooth out the effect of 
the machine pulses. It does this by 
storing mechanical energy, in its 
rotating components, some of which is 
converted into electrical energy once 
every few seconds to pulse the magnets 
and the loss in energy is made up 
more gradually from the grid. The 

rotor of the power supply motor in fact 
weighs 5180 kg and revolves at about 
3000 rev/min. 

The accident occurred when a clamp
ing band, which holds the rotor coils 
in position, fractured, possibly because 
of direct mechanical failure or because 
of a short circuit which caused suf
ficient local heating to melt the band. 
Due to the centrifugal force, the ends 
of the windings splayed out and hit 
the stator windings. Both sets of 
windings suffered extensive damage but 
no harm appears to have been caused 
to either the rotor or the stator lami
nations. Complete spare sets of the 
windings exist and the motor was 
immediately taken to the manufacturers 
to be rewound. It is estimated that 
the repairs will take three months and 
will cost about 90 000 Swiss francs. 
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The experimental time up to Easter 
has been lost. Fortunately however 
a six week shutdown was scheduled 
from Easter until 25 May, to install the 
new slow ejection system in the East 
Area, for a major rearrangement of 
beam lines in both the East and the 
South Area, and for work on the 
injector, which includes installation of 
a new ion source and pre-accelerator 
column and an improved inflector (see 
page 29). Some of this work has 
already started and every effort will 
be made to complete the shutdown by 
the time that the repaired magnet 
power supply is back in action. 

A contract for a new PS magnet 
power supply was placed in the week 
preceeding the accident. It is a larger 
supply which will make possible a 
machine repetition rate 2 or 3 times 
higher than is available with the 
present supply. This gain in repetition 
rate is part of the PS improvement 
programme. A subsidiary reason for 
ordering the new supply is to have a 
spare available. 

CERN Stamp 
On 21 February, the Swiss Postal 

Authorities (PTT) issued a 50 centime 
postage stamp in honour of CERN. 
The stamp is one of a series of three, 
the others being in honour of the 
International Union for the Preserv
ation of Nature and its Resources (10 
centime) and of the fiftieth anniversary 
of the Swiss Industrial Fair at Basle 
(20 centime). 

The decision to issue the CERN 
stamp was taken in 1964 and five 
Swiss artists, including Marcel Bron 
from Site and Buildings Division, were 
selected to produce designs. The 

^artists visited the Laboratory and were 
" told the story of CERN and shown 

around the site. They each then 
presented two designs which were 
judged on 13 May 1965 by a committee 
under the Chairmanship of Dr. Tuason, 
Director General of the PTT, which 
included representatives of the Fede
ral Commission of Fine Arts, the Com
mission of Applied Arts, and the 
Union of Swiss Philatelic Societies. 
Mr. G. H. Hampton, Directorate 
Member for Administration, Mr. R. 
Anthoine, Head of Public Information 
Office and Mr. J. Baudeloque from 
the CERN Philatelic Committee were 
present from CERN. 

The selected design, by Mr. H. 
Kumpel from Zurich, shows the flags 
of the thirteen Member States of 
CERN superimposed on a bubble 
chamber photograph. The flags are 

arranged to represent roughly the out
line of the Swiss border. 

On the date of issue of the stamp, 
the CERN Philatelic Committee orga
nized a distribution of envelopes, 
illustrated on the same European and 
nuclear themes, carrying the stamp 
postmarked at the CERN post-office. 
Enclosed in each envelope was a 
leaflet showing an aerial view of the 
CERN site and giving some information 
on the European Organization for 
Nuclear Research. The Philatelic 
Committee also organized an exhibition 
of stamps at CERN from 21-28 Febru
ary. The exhibition, which attracted 
several groups of philatelists from 
outside CERN, was in three sections — 
one devoted to CERN history, from the 

collection of Mr. Pen of Chambery; 
the second devoted to stamps on the 
theme of atomic and nuclear physics 
from the collection of Mr. Gase and 
the third to the theme of Europe from 
the collection of Mr. Baudeloque. 

For one day each week for the 
next six months, the normal franking 
machine in the CERN post-office will 
not be in use and the CERN stamp 
will be used instead for mail going 
outside Switzerland. 

Among the Immortals 
On 13 January, Professor Leprince-

Ringuet, Chairman of the Scientific 
Policy Committee, was elected to the 
Academie Francaise. Membership of 

Professor Leprince-Ringuet (on the right) was elected to the 'Academie Francaise' 
in January. He is seen here, in conversation with Professor Perrin (left) and 
Professor Gentner, both delegates to the December 1965 Council meeting, at the 
Dinner given by the Council in honour of the departing Director General, 
Professor Weisskopf. 
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The 'tape unit reel number display system' of the 6600 computer, mounted 
over the tape units. This display system was developed at CERN and 
installed in October 1965. It serves to inform the operator of the number 
of the reel required on the unit for processing, by a programme which is 
executing under the SIPROS operating system. 

the Academie is regarded as one of 
the highest honours in France and the 
Academiciens are known as 'Les Im-
mortels'. The Academie is limited to 
40 members at any one time; Professor 
Leprince-Ringuet takes the place left 
vacant on the death of General 
Weygand. 

Louis Leprince-Ringuet was born in 
1901 at Ales (Gard). In 1925, he joined 
the Laboratory of the famous French 
scientist Maurice de Broglie where he 
worked on the artificial transmutation 
of elements, and on neutron and 
cosmic ray research. He led several 
research teams in cosmic ray physics 
and in the 1950s was in charge of a 
Wilson cloud chamber installation on 
the Pic de Midi where some of the 
first studies, of the properties of 
mesons and hyperons were made. 
(Among the physicists who worked 
with him during that time were Pro
fessor Gregory, now Director General 
of CERN, and Professor Peyrou, now 
Head of Track Chambers Division.) 

From 1936, Professor Leprince-
Ringuet has lectured at the Ecole 
Polytechnique and in 1949 joined the 
Academie des Sciences. He was also 
named Professor of Nuclear Physics 

at the College de France in 1959 on 
the death of Professor F. Joliot. 

He has been active in the develop
ment of CERN since 1952. He was 
involved particularly in bubble chamber 
projects, for example, the 1 metre 
heavy liquid bubble chamber of the 
Ecole Polytechnique. For the last 
two years he has been Chairman of 
the Scientific Policy Committee which 
makes recommendations to the CERN 
Council on major items of scientific 
policy. Professor Leprince-Ringuet 
spoke on behalf of the SPC, at the 
December 1965 Council Meeting, on 
the CERN basic programme, the ISR 
project and the 300 GeV machine 
studies (see page 25). 

CDC 6600 
On 20 and 21 January, the third 

meeting of users of the CDC 6000 
computer series was held at CERN. 
The meetings are known as VIM meet
ings (roman numerals, VI = six ; M = 
thousand). Their purpose is to serve 
as a forum of 6000 series users which 
can make collective recommendations 
to the manufacturer concerning desir
able features for the existing com
puters and concerning future systems. 
They also serve to bring about some 
collaboration on programming. 

A diagram of a laser triggered spark gap to switch a 200 kV supply. 

>00m CABLE 
:HARGED TO 200kV 

C 0 - S W I T C H E D 
L A S E R 

TERMINATION RESISTOR 
A S PROVISIONAL LOAD 

LASER TRIGGERED SPARK GAP 

Representatives from the various 
centres using, or planning to use, 
computers in the 6000 series attended 
the meeting. Fifteen CDC 6600's 
have now been ordered - mainly for 
centres in the USA but with two 6600s 
and one 6400 for Europe. CDC are 
currently working on a 6800 system, 
which will have a potential speed four 
times higher than the 6600, and this 
new computer is expected to be ready 
around mid-1968. 

The CERN CDC 6600 is in operation 
round the clock, 13 hours being 
computing time fully absorbed by 
CERN computing requirements. The 
rest of the time is divided between 
system development (51/2 hours), engi
neering (4 hours) and development 
work for such devices as HPD and 
Luciole, etc. 

The time-sharing system, SIPROS, 
is a monitoring program which super
vises the progress of the work fed to 
the computer, organizing the sequence 
of operation so that use is made of 
the computer's multi-processing capa
bilities. It enables many programs to 
pass through the computer at the same 
time instead of being run one after 
the other as at present. A version of 
SIPROS developed at CERN is now 
undergoing production testing in order 
to prove it for full scale operation. 

Attempts are being made to esta
blish a thorough system of checks as 
a permanent feature of the mainten
ance procedures to prevent a recur
rence of the troubles which put the 
computer out of action in November 
1965. As a result of the overhaul 
done at that time the computer hard
ware (the central processer, the s 

memory, the peripheral processer, the 
data channels, etc.) is now working 
considerably better. Also at that time, 
a CDC 3400 computer was brought to 
CERN to provide some on-site com
puting facilities while the 6600 received 
attention. It is still being used and 
will probably stay at CERN until the 
time-sharing system is in full and 
reliable operation on the big computer. 

Lasers at CERN 
It has been known for some time 

that it should be possible to trigger 
high voltage spark gaps by means of 
laser beams. Experiments at CERN 
and elsewhere have confirmed this, 
and lasers are likely to be widely used 
for this purpose in the future. 
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A conventional method of switching-
on high voltage equipment for a short 
pulse is by means of a three electrode 
spark gap. One electrode is triggered 
to cause ionisation in the gap, which 
then fires between the other two 
electrodes to convey the required high 
voltage to the component concerned. 
This three electrode device is relati
vely complicated and presents more 
and more difficulties the higher the 
working voltage, as the trigger circuit 
itself is on a high voltage level. These 
difficulties are completely removed if 
the intense beam of light from a laser 
is used to cause the ionisation in the 
gap. The trigger circuit is then 
completely isolated from the high 
voltage components. 

The photograph at the top of page 
29, shows a laser being used with a 
600 kV pulse generator which is under 
construction for the study of pulsed 
separators. These separators may 
turn out to be of interest for some 
special beams of short lived particles. 

A laser spark gap is also under 
consideration for switching of a 200 kV 
supply to a kicker magnet on the PS, 
which is a component in the system 
for fast ejection of one or more proton 
bunches from the synchrotron. The 
particular requirements of this switch
ing process are that it should have 
low 'jitter' and be capable of high 
repetition rates. A research contract 
was placed in January to investigate 
the extent to which a laser triggered 
system will meet these requirements. 
If it proves possible to use the laser 
system it will have important advan
tages such as basic simplicity, even 
for simultaneous switching of several 
gaps,, improved synchronisation and 
greater reliability. 

r 

Multi-turn injection 
At the end of December 1965, multi-

turn injection was achieved for the 
first time on the PS. Injection was 
continued for three turns with a beam 
pulse 20 LIS long from the injector. 
The increase in PS intensity was about 
25 %, so that the year ended with a 
flourish of 10 1 2 particles per pulse 
which had eluded the machine since 
the July shutdown. Multi-turn injection 
will now be in regular use. 

Although the 500 keV preaccelerator 
and the 50 MeV linac are usually 
considered together as the injector of 
the PS, the term 'injection' applies 
specifically to the process of feeding 
the 50 MeV protons into the magnet 
ring. This has been done by providing 
a pulse of particles just under 7 LIS 

The use of a la'ser to trigger a 600 kV supply for the study of pulsed 
separators. A continuous 600 kV generator is connected to a heavy screened 
cable (running along the bottom of the photograph) and discharged through a 
spark gap, triggered by a short pulse from a laser beam. The laser (centre 
of photograph) is being aligned with the window of the spark gap chamber. 

long from the injector; the particles 
are bent into their orbit in the ring by 
an electrostatic inflector. Injection 
continues until the first injected par
ticles have travelled once round the 
ring and reach the inflector again. 
Thus the PS is filled with particles for 
one turn and the process is called 
single-turn injection. 

To increase the PS intensity, efforts 
have previously been concentrated on 
increasing the number of protons in 
the one injected turn. While waiting 
for significant advances to be made 
here, attention has turned towards 
'multi-turn' injection. Injection for 
three turns requires a pulse 20 LIS long 
from the injector which involves a 
longer pulse from the proton so.urce 
and introduces serious 'beam loading' 
problems in the preaccelerator and, 
especially, the linac. An intense 
particle beam causes an important 
load on the stored energy of the 
accelerating field and causes voltages 
to drop; this is aggravated by lengthen
ing the beam pulse. 

Also, the injection process itself of 
more than one turn is complicated. 
The protons of the first injected turn, 
after being bent by the electrostatic 
inflector, in straight section 26, and the 
kicker magnet, in straight section 30, 
will travel on their orbits dictated by 
the energy of the protons and the 
strength of the magnetic field. How
ever they do not travel exactly on a 

circle (the ideal 'closed orbit') but 
oscillate about it (betatron oscilla
tions). When the second and subse
quent turns are injected, unless 
something special is done, the newly 
introduced protons and those already 
circulating will approach the kicker 
magnet in very different directions. 
The deflection introduced at the 
magnet would then cause one or other 
group of protons (depending upon 
whether the magnet was left on or 
switched off) to be bent so that they 
would hit the walls of the vacuum 
chamber and be lost. 

To prevent this and to ensure that 
virtually all the particles lie within 
what is known as the 'acceptance' of 
the PS, the closed orbit is locally 
distorted near the inflector (see figure) 
so that the orbiting protons and the 
newly injected protons approach the 
kicker magnet from roughly the same 
direction (the turns separated by only 
the thickness of the lip of the inflector 
or 'septum'). The local distortion is 
introduced by an additional kicker 
magnet in straight section 22 and the 
kicker magnet in straight section 30 
(half a betratron wavelength away) 
cancels the distortion. 

The problems were gradually over
come during the past year. Further 
improvements to the linac beam and a 
new inflector tank are planned for 
1966, and should result in still better 
exploitation of multi-turn injection. 

A schematic diagram of the multi-turn injection process. 
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Improvements 
at the 

Synchro-cyclotron 

Over the past three years, an improvements pro
gramme for the CERN 600 MeV synchro-cyclotron has 
been evolved. The aim of the improvements is to 
adapt the machine and its associated experimental 
facilities to the growing needs of the physics research 
using the machine. This article is based mainly on a 
Seminar given at CERN by Dr. G. Brianti, Head of the 
SC Machine Division, and Dr. E. G. Michaelis, Deputy 
Head of the Division. 

The synchro -cyc lo t ron started operat ion in Augus t 
1957 and has been in full use for physics since then. 
Inevitably, wi th the coming into operat ion of the 28 G e V 
synchrotron, the machine and its w o r k has been s o m e 
wha t ove r shadowed b y its larger partner. H o w e v e r 
o v e r the past f e w years the demand for machine t ime 
on the SC has been increasing and the SC physics 
p r o g r a m m e has been revital ized b y the introduct ion of 
t w o n e w fields of research — nuclear structure and 
radio-chemis t ry . 

The w o r k of the SC can be cons idered under the 
fo l lowing headings: 

Elementary Part icle Phys ics : Pion, muon, neutron and 
pro ton beams can b e used for e lementary part icle 
phys ics exper iments at energies of a f e w hundred M e V . 
In part icular major contr ibut ions to p ion and m u o n 
phys ics h a v e been made using the SC. 

Nuclear Structure Phys ics : In the last year, a v igorous 
p r o g r a m m e of research in this field has been established 
on the SC using protons, p ions and muons as tools to 
investigate particular features of nuclei . 

Rad io -chemis t ry : A n e w pro jec t (called I S O L D E — 
isotopic separator on- l ine deve lopment ) has emerged 
o v e r the past year. It is conce rned wi th the separation 
and identification of shor t - l ived isotopes of a variety of 
elements, w h i c h are p roduced under b o m b a r d m e n t of 
stable nuclei b y high energy protons . 

T h e SC is also useful for testing, economica l ly , equ ip 
ment destined for the o v e r c r o w d e d PS p rog ramme. 

T o meet the requirements of this w o r k it has been 
dec ided to deve lop the pe r fo rmance of the SC until 
s o m e 'natural' l imit is reached. This implies realizing the 
full research potential of the exist ing machine wi thout 
ma jo r transformations (with the poss ible excep t ion of 
a rebuilding of the r.f. system). The natural limit w h i c h 
wi l l p robab ly dictate the o p t i m u m mach ine per fo rmance 
is the acceptable level of induced radioactivi ty. This 
act ivi ty is created b y the absorpt ion of accelerated 

particles in certain parts of the machine . If an internal 
b e a m of ove r 10 \iA cou ld be reached in the SC, it might 
we l l p roduce a level of act ivi ty in machine components 
w h i c h w o u l d make it ve ry difficult to handle them (for 
modif icat ions, adjustments etc.) in a reasonable t ime. 

The p r o g r a m m e can be cons idered in three parts — 
internal b e a m ; b e a m extrac t ion; meson beams and 
external p ro ton beams. 

Internal Beam 

A n increase in the intensity of the internal b e a m 
(the number of protons accelerated per second) cou ld b e 
achieved b y increasing the n u m b e r of protons acce le r 
ated in each pulse and b y increasing the pulse repeti t ion 
rate. The first stage of the improvements p r o g r a m m e 
is concentra ted on achieving m o r e protons per pulse. 

It is we l l k n o w n that mos t of the b e a m loss in 
synchro-cyc lo t rons occurs in the central region — the 
reg ion in the immedia te v ic in i ty of the ion source w h e r e 
the first f e w orbits of the protons occur . . The behav iour 
of the b e a m in this region under the inf luence of space 
charge forces and electrical and magnet ic fields is ve ry 
c o m p l e x and has to be invest igated mainly expe r i 
mental ly. 

Three tools are be ing prepared or are in use to try to 
understand and o v e r c o m e the exist ing l imitations: 
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i) A n ion source rig (see pho tograph on page 32) has 
been set up, wi th a magne t and v a c u u m chamber , 
w h e r e it wi l l be poss ible to test full scale ion 
sources of the types w h i c h are interesting for 
synchro-cyc lo t rons . 

ii) A n electrolyt ic tank wi l l enable the first analytical 
studies of the compl ica ted field configurat ions in the 
region of the ion source to b e made . 

I^i i i ) A central region m o d e l is be ing comple ted . This is 
a miniature synch ro -cyc lo t ron capable of accelerat
ing protons up to an energy of 20 MeV, i.e. we l l 
b e y o n d the energy w h e r e the central region p h e n o 

mena are occurr ing. 

These three devices , especial ly the model , wil l enable 
longterm studies to b e carr ied out w h i c h w o u l d not 
b e possible on the SC itself, w h e r e the physics p r o 
g ramme al lows compara t ive ly little t ime for mach ine 
deve lopment w o r k and act ivat ion prevents easy 
manipulat ions. 

One of the most interesting possibilit ies, w h i c h wi l l be 
tested initially on the mode l , is to use a n e w type of ion 
source — a 'hot -ca thode ' h o o d e d arc source instead of 
the ' co ld -ca thode ' Penning type in use at present. This 
n e w source has attracted attention at var ious l abora 
tories, in part icular it has been used on the 160 M e V 
synchro -cyc lo t ron at Orsay where , wi th the same 
internal beam as previously , it resulted in an i m p r o v e -

A diagram of the synchro-cyclotron and its experimental halls. 
The numbers 1 to 9 represent a situation in November 1965 
when nine users were set up around the machine in a single 
week. Seven of them were experimental groups of whom two 
or three were operating at a time. This is an indication of the 
extent to which parallel running has been developed on the 
synchro-cyclotron. 

ment f rom 8 to 20 % in ext rac t ion eff ic iency and also 
in a reduct ion in the energy spread of the external b e a m 
f rom 2 to 0.4 °/o. This source injects protons into the 
machine in the median plane along we l l defined orbits. 
It results in a better b e a m qual i ty wi th smaller vert ical 
and horizontal oscillations. This quest ion of b e a m 
quali ty is of impor tance in v i e w of increasing not on ly 
the b e a m intensity but also the b e a m extract ion 
eff ic iency. 

Unfortunately this n e w source cannot be s imply 
exchanged for the exist ing one. It requires mod i f i ca 
tions to the 'dee ' e lec t rode configurat ion, namely, l ip 
extensions protruding towards the median plane and 
towards the ion source at the centre of the machine . 
(See d iagram on page 32.) A l s o the r.f. system, w h i c h 
prov ides the accelerat ing vol tages, w o u l d be required to 
supply a higher initial vo l tage and a faster rate of 
change of f requency. Studies are unde rway to see h o w 
far the present r.f. sys tem can b e deve loped and it 
seems possible to i m p r o v e the initial vol tage f rom 5 k V 
to 10 or 12 k V wi th suitable increased rate of change 
of f requency. 

It is hoped that this first stage of the improvemen t 
p r o g r a m m e wi l l result in a rather m o r e intense b e a m 
of better opt ical quality. The ult imate per formance at 
this stage wi l l p robab ly be l imited b y the extent to 
w h i c h it wi l l b e poss ible to deve lop the exist ing r.f. 
system. If a n e w r.f. system is buil t as a second stage 
of improvement , m u c h m o r e substantial gains wi l l b e 
possible. The repeti t ion rate of the SC could be 
increased and the initial vo l tage and rate of change of 
f requency increased still higher. The advantages and 
disadvantages of bo th mechanica l (rotating condenser) 
and electrical modula tors for a n e w system are be ing 
examined . 

Beam Extraction 

The present system of p ro ton b e a m extract ion fo l lows 
the classical Le Couteur scheme; it involves a regener
ator (a dev ice w h i c h creates large oscillations in the 
paths of the protons passing through it so that they 
m o v e out of their stable orbits) f o l l o w e d b y a magnet ic 
channel to guide the particles out of the machine . The 
system gives pulses 200 LIS long of about 5 x 10 1 1 protons 
per second w h e n used as fast ext ract ion (about 5 % of 
the b e a m is extracted) and pulses in ' saw-tooth ' f o r m 
at 500 Hz of about 3 x 10 1 1 protons per second w h e n 
used as s l o w extract ion (3 % of the b e a m extracted) . 
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The ion source rig which will enable various types of ion 
source to be tested, to examine their possibilities for use in the 
synchro-cyclotron. 

LOWER POLE 
A diagram of the dee extensions which will be needed if the 
hot-cathode, hooded arc source is used on the synchro
cyclotron. The extensions provide the required field in the 
central region of the machine, to ensure that the proton beam 
gains enough energy on its first turn to clear the vertical tube 
of the source. 

The improvemen t in b e a m quali ty expec ted f rom the 
central region modif ica t ions should br ing an increase 
in the extract ion eff ic iency (as happened at Orsay 
ment ioned above) . Further improvemen t s under c o n 
sideration invo lve changing the extract ion system 
altogether. A n ironless ext rac t ion channel w o u l d 
replace the magnet ic one, wh i l e a k icker coi l w o u l d 
replace the regenerator for fast extract ion. It is ca l cu 
lated that, for fast extract ion, eff iciencies up to 50 € /o 
cou ld b e obtained wi th pulse lengths of 1 - 2/us. P r o t o 
types of the extract ion channel and the k icker coi l have 
been made and successfully tested. 

Before adopt ing this n e w scheme howeve r , it is 
important to k n o w its pe r fo rmance under s low ex t rac 
tion condit ions (which is in fact the predominant 
requirement at present in the use of the machine) . 
Computer programs are be ing prepared to calculate the 
expec ted behav iour w h e n a thin scattering target or 
even the regenerator replaces the fast k icker coil . 

SC Beams 

Provis ion of better b e a m facilities for exper iments 
around the SC has to at tempt to ba lance several c o n 
flicting requirements . A t present the emphasis is on 
compat ib i l i ty o f several beams so that exper iments 
can run in parallel ; t w o or three exper iments can run 
at the same t ime using the same internal target. In 
addit ion the b e a m is somet imes shared be tween internal 
and external targets (targets inside the accelerator 
itself and targets in the exper imenta l halls). In one 
w e e k of N o v e m b e r 1965, fo r example , nine exper iments 
w e r e set up around the mach ine to rece ive beams and 
t w o or three w e r e usual ly running at the same time. 
(See d iagram on pages 30 and 31.) 

Recent ly howeve r , there has been increasing interest 
in var iable m o m e n t u m beams so that exper imenta l 
equipment set up in one posi t ion can investigate a 
range of b e a m m o m e n t a or rece ive , for example , bo th 
posi t ive and negat ive pions f r o m an internal target. 
Nuclear structure exper iments are part icularly inter
ested in this last facility. 

In planning the b e a m line facilities to meet the 
present requirements and those forseeable for the nex t 
f e w years, some ba lance has to b e stuck be tween c o m p a 
tibility and f lexibi l i ty . A n e w system has been e v o l v e d 
to p rov ide either an increased number of i m p r o v e d 
parallel, f ixed m o m e n t u m b e a m s (compatibi l i ty) , or t w o 
var iable momen tum, f ixed path beams (flexibil i ty). 
Change ove r f rom one to the other wi l l take about one 
day and therefore wi l l not seriously interrupt the 
machine running. 

For the compat ib le beams, in the past, f requent 
changes of magnet lens posi t ion f o l l o w e d b y op t imi 
sation w e r e necessary as one or other of the beams 
b e c a m e 'main user'. This wi l l b e simplif ied b y having 
the lenses mounted on a c o m m o n circular rail system 
so that the changes can b e effected b y moto r dr iven 
chain, f o l l o w e d b y remote cont ro l adjustement of 
posi t ion and direction. N e w magne t lenses wi l l b e used 
which , though smaller in overa l l dimensions, have a 
larger (25 c m instead of 20 cm) b e a m aperture. This is 
expec ted to g ive an increase of about 20 % in p ion 
intensities. A third magnet lens can b e added to one of 
the beams w h i c h cou ld raise the increase in intensity to 
be tween 40 and 50 °/o. Installation of this n e w arrange
ment wi l l take place during a shu tdown scheduled for 
M a y 1966. 
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The new lens system on the neutron room 
side of the machine. The diagram 
illustrates the scheme for moving the 
magnet lenses quickly on rails from one 
beam channel to another and shows how 
an additional lens can be added to one of 
the channels. 

150 MeV 125 MeV 100MeV 90MeV 80 MeV 70 MeV 
SIS/R/12219 

A n increase in the diameter of the b e a m pipes is 
under consideration, since this cou ld lead to a cons ider 
able increase in p ion b e a m intensity, but it w o u l d 
i nvo lve major rebui lding of the shielding wa l l through 

r w h i c h the pipes pass, and this cou ld not b e done before 
^ 1967. 

The t w o f lexib le beams are the m u o n channel and 
the so-ca l led M S S b e a m (after its designers Meunier , 
Spighel and Stroot) w h i c h w a s installed during the 
Christmas shutdown. Each channel can p rov ide beams 
w h o s e m o m e n t u m can b e selected o v e r a w i d e range b y 
a suitable cho ice of the internal target posi t ion and the 
condi t ions of inject ion into the channel . The M S S 
channel wi l l b e a high resolut ion faci l i ty; the m u o n 
channel , as we l l as p rov id ing the muons for w h i c h it 
w a s or iginal ly designed, wi l l p rov ide m o r e intense 
beams of pions in a w Tider m o m e n t u m band. 

Underground Tunnel 

So far the discussion of the improvemen t s in S C b e a m 
facilities has been concentra ted on the secondary beams 
of p ions and muons f rom internal targets coming into 
the exper imenta l area k n o w n as the 'neutron hall'. 
On the opposi te side of the mach ine is the second 
exper imenta l area, k n o w n as the 'proton hall', w h e r e 
the p ro ton b e a m itself is extracted. Even using ex t reme 
care in b e a m al ignment and wi th e laborate and incon
venient shielding precaut ions (a concre te tunnel c o n 
structed along the entire length of the b e a m w h i c h 

A list of some of the experiments performed at the 
600 MeV synchro-cyclotron in 1965: 

Capture of negative pions in light nuclei; study of 
n-p correlations 
Studies of Li-mesic X rays 
LI-capture in gaseous hydrogen; investigation of the 
diffusion of t ip in hydrogen gas 
Scattering of 600 MeV protons on a polarized target 
Study of the reaction Li6(jc+, 2p)a 
Search for the decay j t ° - > 3 y 
Production of charged pions by proton bombard
ment of nuclei 
Scattering of 600 MeV polarized protons by carbon 
Various biological irradiations using 600 MeV 
protons. 

prevents any other exper iments using the pro ton hall), 
the radiation p roduced b y the full intensity external 
pro ton b e a m restricts its use to less than 1 0 % of the 
available machine time. If there is a considerable 
increase in pro ton b e a m intensity, as a result of the SC 
improvements discussed above , the situation wi l l b e c o m e 
even worse . 

A radical solution has been imposed b y the requi re
ment of the I S O L D E pro jec t for use of the extracted 
b e a m for 600 hours per year. The solution involves 
directing the b e a m underground b y means of a vert ical 
bending magnet as it leaves the SC. It can then b e 
steered through the SC foundat ions b y magne t lenses, 
into a b e a m tunnel w h o s e roof is f ive metres under 
ground. This r emoves the radiat ion p r o b l e m ; the 
scheme is technical feasible and the cost of the tunnel 
itself (not including the ext ra b e a m transport equ ip 
ment etc.) is comparab le to the heavy concre te shielding 
wh ich has been used a b o v e ground. 

It is hoped that construct ion of the tunnel can b e 
carried out during the shu tdown beginning in M a y 
and that construct ion of the underground labora tory 
for the I S O L D E projec t can be comple ted b y the end 
of 1966. Exper iments could start ear ly in 1967. 

The pro ton hall wi l l then b e free for other exper iments 
involv ing l o w intensity beams (of the order of 10 8 

particles per second or less as opposed to the full 
intensity extracted b e a m of ove r 10 1 1 p ro tons per second) 
wh ich w o u l d help to re l ieve the congest ion in the 
neutron hall. 

Conclusion 

It is hoped that b y implement ing the successive stages 
of this p r o g r a m m e of improvements , the synchro 
cyc lo t ron wi l l cont inue to p lay the important role w h i c h 
it has assumed in the field of intermediate energy 
physics ( involving part icle energies of a f e w hundred 
M e V ) . 

The suitabilily of the SC for nuclear structure and 
radiochemist ry research in addi t ion to part icle physics , 
provides a n e w incent ive to i m p r o v e and adapt the 
machine to some 'natural l imit ' and thus make full use 
of all its potentialities. 
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BOOKS 
Physics of nuclear kinetics, by G. Robert Keepin 

(Reading, Mass., Addison-Wesley Publishing Co. Inc., 1965 ; 
$ 12.50). 

Let us firstly clear up the only criticism of this excellent 
book, and that is of its highly misleading title. The book is, 
in fact, concerned with neutron-induced fission and in 
particular those aspects of the process that enable the 
author to deal in the second half of the book with the 
subject of the kinetic behaviour of nuclear reactors. 
Whilst the book is intended principally for reactor physi
cists and engineers, it contains a substantial amount that is 
of interest to the physicist studying neutron-induced fission 
as such (always of course within the energy range of neutrons 
present in a nuclear reactor). 

The first half of the book deals in detail with the 
observed results of fission, namely the energy, mass, and 
charge distributions of the products, the properties of the 
prompt and delayed neutrons and gamma rays, and the 
nature of the fission-product decay chains that lead to 
delayed neutron emission. Full descriptions are given of 
the experimental techniques necessary for these observ
ations, and the resulting data are carefully evaluated. In 
somewhat less detail, these results are compared with 
theoretical predictions and the more important discre
pancies between experiment and theory are discussed. 
Because of the similar effects on the kinetic behaviour of 
nuclear reactors of delayed neutrons and neutrons produced 
by the action of fission-product gamma rays on deuterium 
and beryllium, the latter processes are also discussed in 
detail. 

The rest of the book is firmly the province of the reactor 
technologist, who will find a very complete account of 
nuclear reactor kinetics theory and topics such as the 
experimental determination of reactor kinetics parameters, 
reactor noise analysis, reactor transfer function and their 
implications for reactor stability. 

One of the incidental impressions left by this book 
derives from the description of the fascinating and somewhat 
hair-raising series of experiments carried out at Los Alamos 
on remotely controlled metal spheres (12-20 cm in diameter) 
of each of the major fissile species — 4the world's smallest 
chain-reacting assemblies'. Amongst the experiments 
performed have been the assembly of these spheres into the 
4above-prompt-criticaP region, and the experiments are a 
fine example of the work of experimentalists who, having 
faith in their own calculations, have gone ahead and obtained 
a wealth of high-quality information. 

Dr. Keeping's book is well written, and well produced. 
The reference lists are exhaustive and completely up-to-date. 

C. R. Symons 

Classical charged particles — Foundations of their 
theory, by F. Rohrlich (Reading, Mass., Addison-Wesley 
Publishing Co. Inc., 1965 ; $ 12.50). 

As the author says in his preface, 'despite the great 
efforts of such men as Lorentz, Abraham, Poincare, and 
more recently Dirac', the classical theory of charged 
particles 4is usually regarded as a lost cause'. The author 
feels, however, that 'with the present state of our knowledge 
we are able to look back at this theory, to put it in its 
right perspective, and, above all, to complete the unfinished 
work of the past'. He therefore has a well-defined pro
gramme ; moreover, his aim, in which he succeeds, is to 
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During the past years more and more 
frequent use has been made of the 

H e r a e u i 
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pumps, etc. 

The latest design allows a continuous 
setting of the pressure between 0,5 
and 120mm Hg even during operation. 
The internal design of the diaphragm 
controller makes a rapid degasing 
possible also in the area of the high 
vacuum and therefore this controller 
can be built in also on an equipment 
working with 10~7 mm Hg. 

Agents for Switzerland of 
W.C. Heraeus Works, Hanau : 

Oerlikonerstrasse 88, 8057 Zurich, Tel. 051 46 40 40 
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convince us that this chapter of physics, though unappre
ciated, is coherent and attractive. 

The book begins with two very short chapters : in the 
first, the author explains the role of theory in physics by 
analysing certain common terms such as 'domain of validity', 
'scientific prediction' and 'scientific explanation'; he defines 
the relationship between various theories ; this heralds the 
fact that in the rest of the book there is constant 
reference to the quantum theories associated with the 
subject. The second chapter gives, in the space of 18 pages, 
the history of the main contributions to the subject under 
review. This makes the reader want to go on. 

In chapter III the foundations of classical mechanics 
(Newtonian and relativistic) are viewed in connexion with 
the Euclidean, Galilean and Lorentz invariance groups. The 
principle of equivalence is carefully studied, together with 
its most recent experimental tests. A brief glimpse at the 
field of general relativity is followed by a thorough discus
sion of Mach's principle and of causality. The last seven 
pages of this chapter deal with conservation laws and 
should be read by all physicists*. 

Chapter IV (46 pages) is devoted to a long study of the 
covariant and non-covariant forms of the Maxwell-Lorentz 
field. Naturally, one finds the invariant functions D, D a , 
D r , Dp, which are used to obtain the different potentials 
(retarded, advanced...). The derivation of the Maxwell 
equations from a Lagrangian is then shown, and how to 
form the energy-momentum tensor. Finally Lorentz and 
gauge invariance are studied. This chapter may well 
discourage the uninitiated reader on account of its abstract 
nature, but it is essential to read it in order to understand 

what follows. After the first 75 pages the reader may well 
be rather spoilt, but 'physics without tears' is a Utopian 
dream and it is preferable to make necessary effort ; the 
gulf between the classical theory of charged particles and 
quantum electrodynamics will be bridged without difficulty. 
It should be mentioned here that the book contains a great 
many exercises which the author has inserted at appropriate 
points. 

Chapter V (18 pages) deals briefly with electromagnetic 
radiation and studies the case of radiation in a synchrotron. 

Chapters VI and VIII are devoted to a close study of 
charged-particle dynamics. In my opinion, this is the most 
interesting part of the book ; on the other hand, the part 
dealing with polarized particles (3 pages) seems to be rather 

^sketchy. 

The originality of the book is emphasized by the compar
ison made in its last two chapters between the theory it 
presents and corresponding quantum theories, on the one 
hand, and other kinds of field, on the other. Subjects 
such as charge conjugation and time reversal are studied. 
The book contains two most appropriate appendices on 
space-time in special relativity and in general relativity, and 
two detailed indexes. 

This is a book that may be put beside Jackson's Classical 
Electrodynamics, since it covers different ground. It will 
be read with interest (and fairly quickly) by those who have 
studied quantum electrodynamics without taking the time 
to read 'the classics', and will give them a more intuitive 
grasp of certain problems, such as normalization. It will 
also serve those who wish to enter the quantum world with a 
solid classical background. Whoever reads it will have no 
regrets : this is an excellent book. 

H. B. 

H o w many physicists are fami l ia r wi th the conservat ion of currents or 
of energy -momentum, yet do not rea l i ze that they are both der ived 
f rom Emmy Noether 's theorem ? 

NEW VARIABLE LEAK VALVE 

Model 951-5100 

This new leak valve offers unprece
dented control sensitivity and stability 
over a wide range of leak rates. It is 
the only valve that can consistently 
control leaks as small as 1 X10~ 1 0 torr-
liters per second. In addition, it can 
be used for roughing small systems. 

Some features are: 

Ultra smooth low torque operation 
Bakeable open or closed, including 
drive mechanism to 450° C 
Welded stainless steel construction 
Hundreds of closures. Replaceable 
gasket assembly with saphire-copper 
seal. 

Order No. 951-5100 

Delivery: from stock 

For more information on this or other 
Varian Vacuum Products call or write 

©VARIAN 
International 
Headquarters 

Varian AG 
Baarerstrasse 77 
6300 Zug/Switzerland 
Tel. 042 7 4 45 55 
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CERN j has a vacancy for a 

Mechanical engineer 
t o s u p e r v i s e a n d c o o r d i n a t e t h e e x e c u t i o n o f i m p o r t a n t p r o j e c t s f o r t h e 
i m p r o v e m e n t o f t h e s y n c h r o - c y c l o t r o n a n d i ts e x p e r i m e n t a l f a c i l i t i e s , d u r i n g 
t h e d e s i g n , t h e c o n s t r u c t i o n a n d t h e f i n a l i n s t a l l a t i o n . H e w i l l d i r e c t a n d 
c o o r d i n a t e t h e w o r k o f a l l p a r t i e s i n v o l v e d in t h e d e t a i l e d d e s i g n , a n d 
t a k e p a r t in i t . 

T h e i n c u m b e n t w i l l b e a U n i v e r s i t y E n g i n e e r a n d h a v e s e v e r a l y e a r s ' 
p r a c t i c a l e x p e r i e n c e in t h e d e s i g n , c o n s t r u c t i o n a n d i n s t a l l a t i o n o f c o m p l e x 
m e c h a n i c a l a n d e l e c t r o - m e c h a n i c a l a p p a r a t u s . S p e c i a l e x p e r i e n c e in t h e 
f i e l d o f h i g h e n e r g y p h y s i c s , d e s i g n o f a c c e l e r a t o r c o m p o n e n t s o r n u c l e a r 
p h y s i c s e x p e r i m e n t a l f a c i l i t i e s w o u l d b e a n a d v a n t a g e . G o o d k n o w l e d g e o f 
E n g l i s h o r F r e n c h . K n o w l e d g e o f t h e o t h e r l a n g u a g e w o u l d b e a d e f i n i t e 
a d v a n t a g e . 

P l e a s e w r i t e f o r a n a p p l i c a t i o n f o r m ( q u o t i n g re f . M S C - D I - 0 9 2 ) t o 
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NEW! 

DOUBLE SCALER 613 with high resolution, 

corresponding to 100 Mc/s. 2 X 8 decades, 

decimal display, input for posit ive or negative 

pulses of min. 2.5 ns. Adjustable sensitivity 

Automatic readout. Other types for 2 + 20 Mc/s. 

_ ^ I W » F A S T S C A L E R \ * * / w _ 

— ] J , | | ' „ j WW jg<gy«C«^ W ' S ' S ' S J ( 3 

Other products : 

READOUT LOGIC 630 . Control unit for automatic readout up 
to 98, 6 or 8 decades - scalers. 

DRIVE UNIT 642 Simultaneous control of recording instruments 
such as output writers, tape perforators etc. 

PARAMETER UNIT 650 For insertion of ident i f icat ion and 
information to be read out together with the scaler contents. 

OUTPUT WRITER 494 with typing head. Operates at an output 
speed of 14 characters/s. 

HIGH SPEED TAPE PUNCH 493 for 110 characters/s, self 
contained power supply. 

TAPE REARED 495 for 10 characters/s. 

b©rer E L E C T R O N I C ^ S O L O T H U R N 
C® S W I T Z E R L A N D 

Heidenhubelstr. 24 Tel . 065 / 2 85 45 

Great Britain: 36, East Street, Shoreham-by-Sea, Sussex, te l . 4305 

Germany : Kaiserstrasse 10, 8 Miinchen 23 

France : Sorel ia Electronique, 92 Courbevoie, 25, rue de Nor-
mandie, tel . 333 82-96 

ItaBy : D.I.S.I. Nuclear Corporat ion, Viale Lunigiana 40, Milano 



35 Mc MULTISCALER SYSTEM 
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 triple 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 

STUDY AND DEVELOPMENT OF SPECIAL APPARATUS 

PLANNING AND PRODUCTION OF EQUIPMENT 
FOR INDUSTRIAL AUTOMATISATION 
AND DATA HANDLING 

S E N SOCIETE D'ELECTRONIQUE NUCLEAIRE 
73, RUE DE LYON - GENEVE/SUISSE - TELEPHONE: (022) 44 29 40 

AGENTS: ZURICH OFFICE: M. Georges HERREN, Dipl. 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.VALLINGBY/STOCKHOLM • 
U.S.A.: NUMINCO APOLLO, Pa. • ISRAEL: PALEC LTD. TEL-AVIV • AUSTRALIA: 
A. A. GUTHRIE PTY, Ltd. MARRICKVILLE, N.S.W. • 



EMI ELECTRONICS MAKES 
A WORLD OF DIFFERENCE SAFETY 

IS OUR BUSINESS 

EMI NUCLEAR HEALTH EQUIPMENT MEETS EVERY NEED 
In the time that it takes you to read the first few lines of this advertisement you 
could be completely checked by an EMI radiation monitor. This happens every 
day so that thousands of people working in nuclear establishments go home 
safe from radioactive contamination. The new generation of EMI Nuclear 
Health Monitors, the largest range in Europe, includes instruments to meet the 
needs of establishments large or small. The monitors illustrated are but two of 
the EMI range which includes, Hand and Clothing Monitors, Hand Monitors, 
Foot Monitors, Floor Monitors, Beta/Gamma and Neutron Dose Ratemeters, 
and Air Monitors, as well as the Wells series of modular nucleonic instruments. 
If nuclear safety is your business, send now for full details of the EMI range. 

I E M I EMI E L E C T R O N I C S LTD 
NUCLEONICS DIVISION * HAYES ' MIDDX - ENGLAND • T E L E P H O N E : HAYES 3888 

A b o v e : Po r tab le C o n t a m i n a t i o n M o n i t o r T y p e 2 is a sol id s ta te 
i ns t rumen t m a i n l y used for mon i to r i ng laboratory benches w h e r e 
r a d i o a c t i v e i so topes are used . S i m u l t a n e o u s l y mon i to rs a lpha and 
b e t a / g a m m a c o n t a m i n a t i o n . Ba t te ry or ma ins ope ra ted . H a n d 
mon i to r i ng accessory T y p e H M A 1 a v a i l a b l e . 
B e l o w : S i n g l e H a n d M o n i t o r T y p e H M 2 . E c o n o m i c a l so l id sa te 
i ns t r umen t—idea l for un ivers i t ies and hosp i ta ls us ing radio i so topes . 
H a s aud ib l e and v i s ib le i nd ica t ing s y s t e m s . 
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