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The European Organization for Nuclear Research, more commonly 
known as CERN ( f rom the in i t ia ls of the French t i t le of the or ig inal body, 
'Le Conse i l europeen pour la Recherche nuc lea i re ' , f o rmed by an Ag ree 
ment da ted 15 February 1952), was c rea ted when the Convent ion estab l ish
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 : 
'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 o rder to regain fo r Europe a 
f i rs t - rank posi 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 centre 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 ructure of 
mat ter and the universe. It is not d i rec ted towards spec i f i c app l ica t ions — 
in part icular , it plays no par t in the deve lopmen t of the prac t ica l uses of 
nuc lear energy — though it plays an impor tant role in the educat ion of the 
new generat ion of sc ient is ts . On ly the fu tu re can show what use may be 
made of the knowledge now be ing ga ined. 

The laboratory comprises an area of abou t 80 ha (200 acres) , s t raddl ing an 
in ternat ional f ron t ie r ; 41 ha is on Swiss te r r i to ry in Meyr in , Canton of 
Geneva (the seat of the Organ iza t ion) , and 39.5 ha on French ter r i tory , in 
the Communes of Prevessin and St . -Genis-Poui l ly , Depar tment of the A in . 

Two large particle accelerators fo rm the basis of the exper imenta l 
equ ipment : 

— a 600 MeV synchro -cyc lo t ron , 
— a 28 G e V pro ton synchro t ron , 

the lat ter be ing one of the two most power fu l in the wor ld . 

The C E R N staff to ta ls about 2300 peop le . 

In addition to the sc ient is ts on the staff, there are over 360 Fel lows and 
V is i t ing Scient is ts , who stay at C E R N , e i ther ind iv idual ly or as members of 
v is i t ing teams, fo r per iods ranging f rom two months to two years. A l though 
these Fel lows and Vis i tors come mainly f rom univers i t ies and research 
inst i tutes in the CERN Member States, they also inc lude sc ient is ts f rom 
other countr ies. Fur thermore, much of the exper imenta l da ta ob ta ined wi th 
the acce lera tors is d is t r ibu ted among par t i c ipa t ing laborator ies fo r evaluat ion. 

Thirteen Member States con t r ibu te to the cost of the basic programme of 
C E R N in propor t ion to the i r net nat ional i ncome: 

Aust r ia (1.90 %) Italy (11.24 %) 
Be lg ium (3.56 % ) Nether lands (3.88 %) 
Denmark (2.05 % ) Norway (1.41 % ) 
Federal Republ ic Spain (3.43 %) 

of Germany (23.30 % ) Sweden (4.02 %) 
France (19.34%) Swi tzer land (3.11 %) 
Greece (0.60 %) Un i ted K ingdom (22.16 %) 

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

The 1966 budget for the basic programme amounts to 149 670 000 Swiss 
f rancs, ca l l ing fo r cont r ibu t ions f rom Member States to ta l l i ng 145 860 000 Swiss 

f rancs. 

Supplementary programmes, f i nanced by twe lve states, cover const ruc t ion 
of in tersect ing s torage r ings fo r the 28 G e V acce le ra to r at Meyr in and studies 
fo r a p roposed 300 GeV acce le ra to r tha t wou ld be bui l t e lsewhere. 
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32nd Session of Council 

The following pages cover the major topics from the Council Meeting held at CERN on 15 and 16 June. 

Progress Report 
The Director General presented the Progress Report 

of the Divisions, covering the work at CERN from 
November 1965 to May 1966. Information which has 
already been given in CERN COURIER during this 
period will not be covered here again in much detail. 

The Physics Programme 

Professor Grego ry remarked on the g r o w i n g demand 
f rom teams of scientists in the m e m b e r States to use 
the CERN accelerators. T h e increase h a s . been v e r y 
marked ove r the past year and part icular ly so for 
exper iments using e lectronic counters . 19 exper iments 
of this type had been accepted for the research p r o 
g r a m m e on the pro ton synchro t ron ; four of them 
invo lved teams comple te ly c o m p o s e d of scientists f rom 
outs ide CERN and another nine w e r e m i x e d C E R N -
outside teams. This g rowing demand b y visit ing teams 
for the use of CERN facilities is a health sign of the 
vital i ty of the Labora tory , Professor G r e g o r y said. 
Professor Gentner (Fed. Rep . of Germany) also w e l 
c o m e d this trend as a v e r y g o o d deve lopmen t for the 
training of young physicists. 

Substantial results came f rom the f e w weeks running 
at the PS and f rom analysis of last year 's runs. Notable 
contr ibut ions to the Conference on High-Ene rgy T w o -
B o d y React ions at S tony Brook , N e w Y o r k (22—23 
Apr i l ) included the observa t ion of strong polar izat ion 
effects in jt~p scattering at h igh energy and in the j t"p 
charge exchange process, the b a c k w a r d scattering of 
3.5 G e V / c pions on protons, and ant ipro ton-proton 
charge exchange scattering. The Direc tor General 
said that he was ve ry pleased to see that the scale and 
qual i ty of the European contr ibut ion to the Conference 
ma tched that of our A m e r i c a n counterparts . 

The 2 m hydrogen bubb l e chamber took about 
300 000 photographs in N o v e m b e r and December . 
1 200 000 photographs w e r e taken in its first full year of 
operation. 

Tests started in January to see whe the r the chamber 
can be modi f ied for fast cycl ing . If the speed of the 
expans ion — compress ion cyc l e can b e increased it m a y 
be possible for e x a m p l e to take t w o or three sets of 
pictures at each pulse of the PS. T h e stainless steel 
piston in the pressure system, w h i c h w a s still in g o o d 
condi t ion after funct ioning for some 2V2 mi l l ion cycles , 
has been replaced b y a piston m a d e f rom titanium. 
This has the same strength as the stainless steel piston 
but reduces the weigh t of the assembly f rom 100 kg to 
70 kg requir ing less total energy in the cyc le . This wi l l 
be important for fast cycl ing . Ano the r indicat ion of the 
scale of operat ion at the bubb l e chambers is the fitting 
of a system to r ecove r the silver f r o m the deve lopment 
of the b u b b l e chamber f i lm. Severa l hundreds o f 
k i lograms of si lver are expec ted to b e r ecovered each 
year. 

The 1.2 m heavy l iquid b u b b l e chamber has been 
prepared for the exper imen t to l o o k for the decay of 
K° L into t w o neutral pions. This i nvo lved var ious 
modif icat ions to the chamber including the installation 
of a v a c u u m pipe running through the centre (where 
the K meson decays to b e obse rved wi l l occur) and a 
suspended mir ror to enable the cameras to see round 
the pipe. The magnet has been overhau led "and parts 
of the cool ing sys tem replaced. A t empora ry arrange
ment to examine the possibi l i ty of using the 'Scotchl i te ' 
i l lumination me thod in the chamber is be ing prepared. 
For the coming exper iment , the chamber was m o v e d 
f rom the North to the South Hal l ; this i nvo lved 
clearing some 2000 tons of concre te and 5000 tons of 
steel shielding in the South Hall. 
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The w o r k of the Theoret ica l S tudy Divis ion has 
cont inued to concentra te on the major p rob lems w h i c h 
have emerged in sub-nuclear physics research ove r 
the past f e w years. G r o u p theory, especial ly a t tempt
ing to reconci le SU (6) symmet ry wi th relativity theory, 
remains under invest igat ion but the search for higher 
symmetr ies of the strong interactions has taken second 
place to studies of the 'a lgebra of currents ' . 

Other topics under study in the Divis ion include h igh-
energy coll isions (the r ev ived R e g g e po le model , the 
' shadow' model , the s imple impulse -approx imat ion 
quark mode l ) ; phase shift analysis; e lec t romagnet ic 
and w e a k interactions; analyt ici ty and ax iomat ics ; and 
nuclear structure. 

T h e data process ing operat ions and the comput ing 
service are beginning to s h o w signs of smooth operat ion 
after going through a difficult per iod. A planned 
p r o g r a m m e of engineer ing improvement s b y C D C on 
the 6600 compute r is due for comple t ion in July and in 
Sep tember the compute r wi l l be subjected to the 
'quality assurance' tests used on the current product ion 
machines . Considerable w o r k remains to be done on 
the operat ing system, the deve lopmen t of rout ine 
operat ion and maintenance procedures and on br inging 
several 'real t ime' devices into simultaneous operat ion. 
The back log of w o r k w h i c h has accumula ted o v e r the 
past year has also to b e cleared. (The future plans for 
the CERN comput ing sys tem w e r e g iven in the last 
issue of the COURIER, p . 90.) 

The flying spot digitizers (see CERN COURIER, 
vo l . 6, no. 1 (January 1966) p . 7) H P D Mark I and 
Luc io le 66 are n o w in regular operat ion on- l ine to the 
6600 computer , w i th the H P D scheduled for an average 
of 12 hours per day. T w o IEPs (instrument for the 
evaluat ion of photographs) are n o w connec ted on- l ine 
to the 6600 and an order has been p laced for a C D C 3100, 
to b e del ivered this summer, to be used for on- l ine 
operat ion of the IEPs. 

The accelerators 

Research at the 28 G e V pro ton synchrot ron was 
interrupted in February b y the b r e a k d o w n of the 
magnet p o w e r supply. Of the 2260 hours scheduled 
for physics , 43.5 % w a s lost. Fortunately the 3V2 
months taken to repair the p o w e r supply, inc luded 
six w e e k s al ready p lanned for a shu t -down and the 
oppor tuni ty was taken to do a considerable amount 
of extra w o r k around the mach ine w h i c h cou ld not 
have been fitted into the s ix weeks . 

For example , a rapid and intensive re-evaluat ion was 
done of all the plans fo r beams f rom the PS especial ly 
in the East exper imenta l hall. This was also inf luenced 
b y the unsatisfactory pe r fo rmance of the r.f. separated 
b e a m (ul) to the 2 m hyd rogen bubb l e chamber w h i c h 
a l lowed through too m a n y unwanted particles. A n 
i m p r o v e d vers ion (u3) of this beam, wi th better 
m o m e n t u m definition, has been set up. The e jec ted 
pro ton b e a m (e2), taken f r o m straight section 58 of the 
PS, can use s l o w or fast extract ion. (See CERN 
COURIER, vol . 5, no . 10 (October 1965) p . 148.) It has 
been arranged to p rov ide a s l o w e jected b e a m for a 

Adjustments being made on the compression side of the CERN 
heavy liquid bubble chamber. The chamber has been moved 
to the South Hall for an experiment on K meson decay, which 
involved major modifications to the chamber. 

large e lect ronic exper iment on p ro ton-pro ton scatter
ing, ,and fast e jected beams to p roduce a 2.4 to 5 G e V / c 
K - m e s o n b e a m (m6) for the 2 m chamber and a 
1 G e V / c JT meson b e a m for an emuls ion exper iment . 
Plans are also under w a y for the use of a n e w s l o w 
extracted b e a m f rom straight sect ion 62. 

The major part of the huge steel filter for the n e w 
neutrino b e a m has been constructed. Most of the 
componen t s of the ext rac ted pro ton b e a m for the 
neutrino exper iment w h i c h are inside the synchrot ron 
ring w e r e installed during the machine shu t -down and 
the componen t s w h i c h are inside the b e a m tunnel wi l l 
b e installed towards the end of the summer. The 
general plan of the installation for the CERN heavy 
l iquid b u b b l e chamber and Gargamel le , the large 
(10 m 3 ) heavy l iquid chamber under construct ion in 
France, bo th of w h i c h wi l l b e used in the neutrino 
exper iments , has been settled. 

Af ter a per iod of d isappoint ingly l o w b e a m intensities 
f rom the PS, beams of 10 1 2 p ro tons per pulse w e r e 
ach ieved o n c e m o r e at the end of 1965 w h e n a mul t i -
turn inject ion system w a s b rough t into operation. 
During the shu t -down a n e w pre- in jec tor incorpor 
ating a duoplasmatron ion source fo l lowed b y a short 
accelerat ing gap w a s installed and resulted in the first 
100 m A beams f rom the l inac (as repor ted in the last 
issue of the C O U R I E R ) . 

T o obtain the best use of the accelerated protons 
w o r k cont inues on installing versati le target and e j e c 
t ion systems in the magnet ring. The a im is to b e 
able to use several internal targets and ejected beams 
in one mach ine cyc le . One l imitat ion has been the t ime 
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taken to m o v e a target head into or out of posi t ion 
and a n e w unit is be ing deve loped to reduce this t ime 
f r o m 70 ms to 20 ms for a 20 g m target head. 

The increasing versati l i ty of the machine br ings 
compl ica t ions in machine opera t ion and an I B M 1800 
compute r and a data acquisi t ion system have been 
ordered to help in machine operat ion. 

T h e b r e a k d o w n of the PS th rew an addit ional burden 
on the use of the 600 M e V synch ro -cyc lo t ron w h i c h 
p rov ided test facilities for eight addit ional teams 
during this t ime on top of its p lanned p r o g r a m m e of 
research. A s m a n y as 13 teams used the SC in one 
w e e k and up to 10 ran simultaneously. Full use had 
to b e made of all the possibili t ies of b e a m sharing and 
t ime sharing. 

T h e machine operat ing schedule was reorganized 
into per iods of a fortnight cont inuous running, omitt ing 
a w e e k l y maintenance. This gave a 7V2 °/o gain in 
exper imenta l t ime. 2781 hours w e r e avai lable for 
physics research wi th 2281 hours used for 'parasiting'. 

Fo l lowing modif icat ions to the mach ine r.f. system 
a 25 °/o increase of the internal p ro ton b e a m w a s 
achieved. A l so during this t ime a small synch ro 
cyc lo t ron , w h i c h is to b e used to s tudy the p rob lems 
occur r ing at the central reg ion of the machine, w a s 
b rought into operat ion. 

Construction of the underground tunnel nearing completion 
at the synchro-cyclotron. The tunnel will take an external 
proton beam from the machine through the foundations of the 
SC building to the new underground laboratory of the 
ISOLDE (Isotope Separator On-Line Development) project. 

300 GeV 
A s ment ioned in the report of the last Counci l 

Meeting, the European Commi t tee for Future A c c e l e r 
ators (ECFA) has been reconvened , under the Chair
manship of Professor A m a l d i (Italy), to consider the 
European h igh-energy physics situation as it has 
deve loped since the first ECFA presented its conclus ions 
(the 'Amald i Repor t ' ) in 1963. T w o full meetings of the 
n e w E C F A have been held this year and in addit ion 
the Commit tee set up t w o W o r k i n g Groups — the first 
to consider relations be tween national and international 
Laborator ies ; the second to l o o k again at the p roposed 
design of the 300 G e V accelera tor ( r ecommended in 
the A m a l d i Repor t ) and at the possibili t ies of its 
exper imenta l exploi ta t ion. 

Conclusions of ECFA 

Professor A m a l d i made the fo l lowing report to the 
Counci l : 

Both the W o r k i n g Groups have m a d e inter im reports 
to the Commit tee and, though the w o r k of E C F A and 
the Groups still continues (the final report wi l l be 
presented in a year 's t ime), the Commit tee felt itself to 
be in the posi t ion a l ready to present the fo l lowing 
conclusions to the Counci l — 

'1. The conclus ions of the A m a l d i Repor t are still 
essentially valid, for bo th the ' summit ' and the 
'base of the pyramid ' p rogrammes . ' (The summit 
p r o g r a m m e concerns the intersecting storage rings 
at CERN and a n e w pro ton accelerator of a ve ry 
high energy. The base of py ramid p r o g r a m m e 
concerns national or regional pro jec ts for meson 
factories, a h igh-energy e lect ron machine , etc.) 

'2. The Commit tee expresses its satisfaction that some 
of the h igh-energy facilities r e c o m m e n d e d or 
envisaged in the A m a l d i Repor t have been authorized 
in the meant ime, namely the I S R for CERN/Meyr in , 
the meson fac tory at Zur ich , the 2.5 G e V electron 
synchrot ron at B o n n and the e lect ron storage rings 
at Frascati. ' (The Zur i ch mach ine w a s descr ibed in 
the last issue of CERN C O U R I E R , p . 93; the machine 
at the Phys ics Institute at the Univers i ty of B o n n is 
scheduled for comple t ion in 1967; the Frascati rings, 
cal led A d o n e , are (1.5 + 1.5) G e V and are expec ted 
to begin operat ion at the end of this year.) 

'3. The Commit tee considers it of the utmost impor tance 
to keep Europe in the forefront of h igh-energy 
physics . It therefore urges all m e m b e r States to 
implement further the p r o g r a m m e of h igh-energy 
facilities as r e c o m m e n d e d in the A m a l d i Repor t 
b rought up to date to take account of progress in 
the field, as set out in m o r e detail under 4 and 5 
b e l o w . 

4. The 300 G e V pro jec t remains the p r imary ob jec t ive 
of the international h igh -ene rgy p r o g r a m m e in 
Europe. Whi l e some aspects of the p ro jec t are still 
being studied, it appears h o w e v e r that the main 
characteristics of this accelera tor should cor respond 
to the design b y the S tudy G r o u p of CERN based 
on the r ecommenda t ions of E C F A in 1963. The 
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Commit tee therefore urges the m e m b e r States to 
authorize this p ro jec t at the earliest possible date. 

5. In order to profi t ful ly f rom the ' summit p r o 
gramme' , Europe wi l l need the support of power fu l 
schools of h igh-energy physics spread ove r the 
m e m b e r States, w o r k i n g in intimate contact wi th 
the universities and having at their disposal adequate 
research tools as is the case in the United States. 
This is the a im of the 'base of the pyramid ' p r o 
g r a m m e r e c o m m e n d e d in the A m a l d i Repor t . 
Therefore the fo l lowing steps impose themselves : 

a. M o r e of the national or regional facilities of the 
type r e c o m m e n d e d in the A m a l d i Repor t should 
be constructed as soon as possible. This appears 
to be the task of the larger m e m b e r States, or of 
groups of small m e m b e r States. A l l these L a b o 
ratories should be open to European physicists. 

b . The improvements p r o g r a m m e of CERN/Meyr in 
wi l l a l low an increase in qual i ty and quanti ty of 
the exper iments pe r fo rmed at the Labora tory . 
There is a ve ry heal thy trend towards an increase 
in the number of outside groups part icipating in 
the CERN exper iments . In order to carry out 
this p rogramme, the m e m b e r States should sup
por t their o w n scientists adequate ly so that they 
can avail themselves eff iciently of the oppor tun i 
ties offered b y CERN and other large Laborator ies . 
A pre l iminary study of this point suggests that 
such adequate suppor t is not possible unless a 
country spends at least as m u c h m o n e y internally 
on h igh-energy physics as it contr ibutes to CERN. 

Since the number of h igh-energy physicists is 
increasing at least as fast as predic ted in the A m a l d i 
Report , there wi l l b e no p rob lems of m a n p o w e r 
even if a sizeable fraction of students m o v e into 
other fields after training in h igh-energy physics . ' 

Professor Puppi , speaking as Chairman of the 
Scientif ic Po l i cy Commit tee , endorsed the E C F A c o n 
clusions. He said that the pro jec t has a sound technical 
basis, a large measure of support f rom the European 
physicists and that a number of suitable sites for the 
machine had been found. He urged the Counci l to 
undertake practical steps to implement the project . 

The site requirements 

On the burning quest ion of the site for the p roposed 
accelerator , a large, detailed, pre l iminary report 
(CERN/644) has been prepared, entitled 'Proposals b y 
the CERN m e m b e r States for a site for a European 
300 G e V pro ton synchrotron ' . The report g ives an 
account of the investigations w h i c h have been under 
w a y since 1962. It presents var ious important features 
of the site proposals w h i c h are n o w under act ive study 
wi thout at tempting to d r a w any conclus ions about the 
relat ive merits of the sites. 

The introduct ion to the report emphasizes that the 
300 G e V project , invo lv ing a tenfold scaling up of the 
largest exist ing accelerator , is near the limit of wha t 
is technical ly feasible. Eve ry componen t of the 
machine needs to b e chosen to g ive m a x i m u m reliabil i ty 
and one of the most important componen t s is the site. 

The main requirements are summarized as f o l l o w s : 

1. It must be sufficiently large to a ccommoda t e the 
machine (2.4 k m in diameter) wi th its exper imenta l 
areas and have scope for poss ible future extensions 
of the Labora tory . (This is in accord wi th the 
A m a l d i r ecommenda t ion that the 300 G e V machine 
should b e the b a c k b o n e of h igh-energy physics in 
Europe in the years 1975—90 and therefore should 
have ample possibili t ies for extensions such as 
storage rings. T h e m i n i m u m area of the site is set 
at about 20 k m 2 w i th a m i n i m u m wid th of 3.5 km.) 
It must be reasonably flat (horizontal to wi thin about 
20 m ove r a substantial fract ion of the area is r e c o m 
mended) . 

2. The ground must be ex t r eme ly stable under all 
c i rcumstances . (The magnet ring wi th a total 
c i rcumference of 7.5 k m needs to be p laced on a 
foundat ion stable enough to guarantee that misal ign
ments stay wi th in 0.15 m m ove r about 100 m. Ar t i 
ficial foundat ions for this precision, on this scale, 
have never been const ructed and the best solution 
is to re ly on the stability of the ground itself. The 
m o r e r o c k y types of g round such as l imestone, 
granite, sandstone, etc., are cons idered to be g o o d 
p rov ided that the g round is homogeneous , free f rom 
strong seismic act ivi ty and wi th ground water level 
l o w enough not to cause instabilities.) 

3. There must be sufficient p r imary services to run and 
explo i t the accelerator . (For electrical power , 
10 M W of installed capaci ty w o u l d be required 
immediate ly , 100 M W in 8 years w h e n the synchro 
tron begins operat ion, and poss ib ly up to 300 M W in 
15 years if for e x a m p l e s torage rings are built. For 
copl ing water , 0.1 mVsec w o u l d b e needed initially 
and perhaps 2 mVsec in 8 to 15 years.) 

4. The locat ion must b e such as to facilitate the c o n 
struction and later the running of the Labora to ry 
(this refers to the p r o x i m i t y of roads, an airport and 
a ra i lway station, and also the availabil i ty of app ro 
priate local industries, local labour, etc.) . 

5. The p lace must b e such that it attracts the exper t 
staff necessary to construct and operate the L a b o 
ratory. (As many as 15 000 people , including staff 
and their families, can b e expec ted to b e brought 
to the area around the Labora tory . The exis tence 
of a t o w n or towns nearby, w h i c h can absorb this 
increase in populat ion, is important . A l so the more 
attractive the area, the m o r e l ikely it is that staff 
wi l l b e easily recruited. This takes in such things 
as educat ional and cultural facilities, language, 
standard of l iving, cl imate, recreat ional facilities, 
etc.) 

Site investigation 

Since 1962, ove r 140 places have been considered in 
an informal w a y but most w e r e found unsuitable. In 
response to the request for official offers f rom m e m b e r 
States, made b y the Counci l in June 1964, 22 proposals 
w e r e rece ived. In mos t of the States w h o original ly 
offered several sites, one site was the subject of 
immedia te investigation, wi th the result that 12 sites 
in 9 States are under act ive study. These are shown 
in Figure 1. (Of these sites, Asphropyrgos , near Athens 
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in Greece has been put fo rward on ly recent ly and 
geologica l investigations have just started.) The C o m 
mittee of Counci l dec ided that further studies should 
be restricted to one site in each m e m b e r State. It has 
been agreed that in Italy this site wi l l b e Dobe rdo , and 
in Ge rmany the conclus ion of a national g roup of 
exper ts is awaited. 

A quest ionnaire was sent to all the m e m b e r States, 
w h o w e r e putting fo rward sites, wi th 23 questions 
cover ing the var ious topics listed a b o v e and replies 
have been rece ived and incorpora ted in the report . On 
all the sites intensive geologica l and geotechnical 
studies have been carr ied out in accordance wi th a 
p r o g r a m m e w o r k e d out be tween CERN specialists and 
national experts . Discussions have been cont inued wi th 
national authorities on all the associated facilities — 
electricity, water, transport, industries, labour, housing, 
schools , etc. 

Several Counci l member s stressed that it was 
important that informat ion coming f rom the different 
sites should b e strictly comparab le . It is to this end, 
that some of the m o r e detai led studies wi l l be carr ied 
out b y the same team of peop le f rom CERN and, because 
of the v o l u m e of w o r k involved , it is important to 
keep the number of sites as small as possible. 

The next steps 

Discussion has been going on in the Commit tee of 
Counci l concern ing the Conven t ion for the p roposed 
Labora tory . There are t w o possibili t ies — that the 
present CERN Labora to ry and the 300 G e V Laboratory , 
wh i l e be ing execu t ive ly au tonomous , be brought under 
the same umbrel la b y making a m i n i m u m of changes 
to the present CERN Convent ion , or that a comple te ly 
n e w Convent ion be d rawn up for the n e w Labora tory . 

The first- alternative, w h i c h avoids dupl icat ion of 
Counci ls and Commit tees and prov ides for s impler 
coordinat ion of European pol icy , wi l l b e pursued as the 
basis for present discussion; a draft of a suitably 
rewri t ten CERN Convent ion wi l l b e prepared in the 
nex t month to b e discussed at a special meet ing of the 
Commit tee of Counci l on 29 July and then sent, wi th 
accompany ing information, to the Governments of the 
m e m b e r States. It is hoped that at the Counci l Mee t 
ing in D e c e m b e r 1966, Governmen t s wi l l express a 
preference, or even g ive a decision, as to w h i c h of these 
courses should b e fo l lowed . 

The fo l lowing sequence of events is seen as a 
realistic p r o g r a m m e for implement ing the 300 G e V 
pro jec t — 

June 1967 Presentat ion of the final documents to 
the Counci l and f rom there to European 
Governments . 

D e c e m b e r 1967 A g r e e m e n t in pr inciple to the bui ld ing 
of the accelera tor ; selection of the site. 

1969 Start of construct ion w o r k on the site. 

Improvements Programme and ISB 
Professor G r e g o r y repor ted on the progress of the 

improvements p r o g r a m m e for the pro ton synchrot ron 
and its associated exper imenta l equipment . 

The n e w p o w e r supply for the PS, w h i c h wi l l a l l ow 
the machine to operate at a h igher repetit ion rate, wi l l 
be installed in a year 's t ime. The Director General 
pointed out that there is a t endency to demand higher 
energy secondary beams. This involves running the 
PS at full energy w h e n the repeti t ion rate is on ly 
1 pulse eve ry 5 seconds ; the n e w p o w e r supply wi l l 
great ly i m p r o v e this situation. W o r k is also progress 
ing satisfactorily at Saclay on the large heavy l iquid 
bubb l e chamber , Gargamel le , and at CERN on the 
three addit ional accelerat ing cavit ies for the magnet 
ring. Other topics be ing pursued in connect ion wi th 
the deve lopment of exper imenta l techniques include 
superconduct ivi ty , w h e r e it is intended to increase the 
scale of act ivi ty in the future. 

For the second stage of the improvements p rogramme, 
it has been dec ided that the T A R T system (see CERN 
COURIER, vo l . 6, no. 4 (Apri l 1966) p . 63) has advantages 
ove r a higher energy linac and detailed studies are n o w 
under w a y . 

A study group of scientists, engineers and technicians 
f rom Ecole Po ly techn ique and Saclay (France), D E S Y 
and Heide lberg (Germany) and f rom the CERN Track 
Chamber Divis ion was set up at the end of 1965, to 
establish the dimensions and o p t i m u m configurat ion 
for a ve ry large hydrogen b u b b l e chamber g iven certain 
scientific, technical and financial condit ions. The 
g roup has p roposed as the best solution a cyl indr ical 
chamber wi th an interior diameter of 3.5 m and a 
v o l u m e of 30 000 1. Other componen t s of the p roposed 
system are a superconduct ing magnet to p roduce a 
field of 30 k G in the chamber ; ' f i sh-eye ' lenses and a 
'Scotchl i te ' i l luminat ion system. The group is p r e 
paring a repor t for the Counci l and if this pro jec t is 
approved at the end of 1966, construct ion could start at 
the beginning of 1967. 

The Intersecting Storage Rings Divis ion was set up in 
January of this year to carry out the construct ion of the 
ISR and is p lanned to g r o w to 170 staff b y the end of 
1966. The study of the 300 G e V pro jec t remains in the 
Divis ion since many of the staff have been invo lved in 
bo th projects . 

M o r e and m o r e parameters for the ISR have been 
f ixed or the limits for poss ible variat ion nar rowed. 
Af ter a r e v i e w in the A u t u m n of 1965 a structure was 
dec ided w h i c h is v e r y similar to that in the main I S R 
report ( A R Int. SG/64-9) . Magne t mode l I was c o m 
pleted in D e c e m b e r and measurements wi th the mode l 
are continuing. Mos t of the basic deve lopment w o r k 
wi th the first h igh -power , full-size mode l of an I S R 
r.f. cavi ty is nearing comple t ion . Var ious v a c u u m 
pumps are be ing tested wi th emphasis on per fo rmance 
be tween 10~9 and 10~ 1 0 torr. B e a m transfer problems, 
control systems and the general site layout cont inue to 
b e studied. Pre l iminary w o r k on the site (main service 
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tunnel, main drain and road) has started; geodet ic 
monument s for the survey for the c ivi l engineer ing 
are installed and survey measurements began at the 
end of May . The civi l engineer ing contract has been 
app roved b y the Finance Commit tee and major w o r k 
on the site wi l l begin this month . 

A w o r k i n g party has been set up to l o o k at the 
p rob lems of exper imenta t ion at the intersecting storage 
r ings and has already arranged six seminars on this 
topic . Detai led discussions led to a change in the p r o 
posed exper imenta l areas to g ive greater f lexibi l i ty . 

Professor A m a l d i took up the suggest ion that the I S R 
cou ld be used for e lectron storage and col l iding b e a m 
exper iments . He said that the possibi l i ty of using the 
rings also for e lec t ron-e lec t ron (4.5 G e V energy in 
each beam) or e lec t ron-pro ton exper iments is ex t r emely 
interesting and should b e taken into considerat ion. 

Dr. Johnson pointed out that w o r k wi th electron 
beams w o u l d invo lve such things as an electron injector 
and m o r e r.f. p o w e r capabil i ty. It seemed reasonable 
to in t roduce these addit ional facilities on ly after 
exper ience wi th p ro ton-p ro ton exper iments . H o w e v e r 
because of this possibili ty, care was be ing taken in the 
design of the ISR not to bui ld anything into the machine 
w h i c h w o u l d exc lude electron exper iments at a later 
date; for example , the magnets w e r e be ing constructed 
so that they could operate at the l o w e r field levels 
required for electron beams. 

CERN Reorganization 
T h e Counci l approved a reorganizat ion of the struc

ture of CERN internal management , p roposed b y the 
Direc tor General . Previously , four Directorate M e m 
bers and twe lve Divis ion Heads w e r e responsible 

immedia te ly to the Direc tor General . In the n e w 
organization seven Depar tments have been created to 
incorporate the exist ing Divis ions and the functions of 
the Directorate. 

The Depar tments are as f o l l o w s : 

1. Physics I, Di rec tor Prof. Paul — includes Nuclear 
Physics Divis ion (Leader Prof. Pre iswerk) , and the 
Synch ro -cyc lo t ron Divis ion (Leader Dr. Brianti) . 

2. Physics II, Di rec tor Prof. P e y r o u — includes Track 
Chambers Divis ion. 

3. Theoret ical Physics , Direc tor Prof. V a n H o v e — 
includes the T h e o r y Divis ion (Leader Prof. Prentki) . 

4. Pro ton Synchrot ron , Direc tor Dr. Germain — includes 
the Pro ton Synchro t ron Divis ion (Leader Dr. Stand-
ley) and the Nuclear Physics Appara tus Divis ion 
(Leader Dr. R a m m ) . 

5. App l i ed Physics , Di rec tor Dr. Hine — includes the 
Data Handl ing Divis ion (Leader Dr. MacLeod ) . 

6. Intersecting Storage Rings , Di rec tor Dr. Johnsen — 
includes the I S R Divis ion. 

7. Administrat ion, Direc tor Mr. Hampton — includes 
Personnel Div is ion (Leader Mr . Ul lmann) , Finance 
Divis ion (Leader Mr. Tieche) , Site and -Buildings 
Divis ion (Act ing Leader Mr. Tir ion) and certain 
other small sections. 

The Counci l also conf i rmed the appoin tment of Prof. 
G. Puppi as Chai rman of the Scientif ic Po l i cy C o m m i t 
tee (see CERN COURIER, vo l . 6, no. 3 (March 1966) 
p. 44). 
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BOOKS 
Lie groups for pedestrians, by Harry J. Lipkin (Amster

dam, North Holland Publishing Company, Fls 18). 

Pedestrians have a hard life these days. Not only do 
they live in danger of being run down by more powerful 
means of transportation, they also take much longer to get 
anywhere. There are three possible attitudes to this situ
ation. The first is the fruitless reaction to envy those who 
sit in the motor cars, trains and jet-planes. The second is 
much better: to be content with walking and to enjoy each 
beautiful detail on the way. Perhaps, luckiest of all are 
those who belong to the third group of people: those who 
can own a car but still enjoy a walk for its pure pleasure. 

This book for pedestrians has been written by one belong
ing to this last class for the benefit of the second class 
(there is no help available for the first one) : it is worth 
reading also by those used to travelling by car — it might 
encourage them to use their feet occasionally. 

But let us turn to the physics. On the molecular, atomic, 
nuclear and 'elementary-particle' level, the word 'physics' 
means essentially quantum mechanics. In quantum 
mechanics physical states are characterized by a set of 
numbers, namely the quantum numbers, which are 
the eigen-values of (in general) conserved operators. 
The operators constitute a Lie algebra and the Lie algebra 
generates a Lie group — the symmetry group of the 
considered physical system. Therefore Lie groups are an 
integral part of all quantum mechanics; in particular when 
applied to atoms, nuclei and elementary particles. No 
physicist, pedestrian or car driver, can avoid encountering 
Lie groups when dealing with objects that require a 
quantum-mechanical description. 

Most physicists in fact have already met a Lie group and a 
Lie algebra without noticing it: the three angular momentum 
operators Jx, Jy, Jz, constitute the basis of a Lie algebra, 
namely the Lie algebra of the rotation group. All the theory 
of the'rotation group (all its representations, Clebsch Gordan 
coefficients and so on) is implicitly contained in the three 
equations [ Jx, Jy ] = iJz ; [ Jy, Jz ] = iJx ; [ Jz, Jx ] = i j y . 
And all the multiplet structures (the j-m-states), selection 
rules, branching ratios for various reactions, coupling 
coefficients, level splittings, etc. can be derived from the 
above commutation rules without ever mentioning the words 
group, representation, character, reduction to irreducible 
representations and similar ones that frighten the pedes
trian. And that is why he can become familiar with all 
these things and enjoy the whole beautiful landscape without 
needing more than heavy boots and good will — and time. 

Admittedly, there are Lie algebras more complicated 
than the angular momentum algebra, but all of them share 
the property that there are a finite number of basic 
elements Li, Li, ... Ln with commutation relations [Li, Lr] = 
C 1 ir Ll (sum over 1). One of these Lie algebras which 
recently attracted much interest, is that of SUs. But there 
are many others which have applications in physics. It is 
remarkable that a Lie algebra may be of physical importance 
even if the corresponding Lie group is not a symmetry group 
of the physical system under consideration. 

Lipkin takes the pedestrian-physicist by the hand, shows 
him in a gently way that he has known at least one Lie 

algebra ever since he learned to walk and tells him not to 
be afraid of the others. He then introduces some of the 
others, always stressing the analogy to the angular momen
tum algebra. A lot of attention is given to the SU3 algebra, 
where it turns out that results can be obained by looking 
not at the whole algebra at once, but rather at the algebras 
of two of its subgroups. These algebras namely isospin 
and U-spin (or V-spin) are the same as for angular 
momentum. 

The book is worthy of its title; but a pedestrian who 
wants to read it, should really be a passionate pedestrian. 
He will have to work himself through the book, not just 
read it. But there is no book in the world which teaches 
you in three hours what it took the author three years to 
learn. 

In the last appendix there appears a footnote, which 
illustrates that Lipkin is not only a good guide on the long 
and sometimes difficult walk, but also one who does not 
claim to be infallible himself. We read: 'However, once a 
convention is chosen, confusion and errors are avoided by 
using the same convention throughout a particular calcul
ation . And Lipkin adds the footnote: 'Do not believe this 
sentence. There are ahvays confusion and errors. You 
have to live ivith them'. 

R. Hagedorn 

Cheminement des particules chargees (The Penetration 
of Matter by Charged Particles; An introduction to the use 
of radiation in physical chemistry — vol. 1) by Y. Cauchois 
and Y. Heno (Paris, Gauthier-Villars et Cie, Ed. 1964; 
Fr. 52.—). 

This volume is the first of three, which the publishers 
(Gauthier-Villars) plan to publish in the series 'Monographs 
on Physical Chemistry', dealing, as fully as the present state 
of knowledge permits, with the vast problem of the inter
action of radiation with matter. The word 'radiation' is 
taken as covering both high frequency electromagnetic 
radiation (X and y) and beams of charged (a, (3 or p) and 
neutral particles, with energies ranging from a few tens of 
keV to extreme relativistic energies. 

This first volume deals essentially with the laws concern
ing the attenuation of charged particles in matter. Their 
individual behaviour is considered first by concentrating on 
elastic and inelastic collisions, and on energy losses by 
bremsstrahlung and by the Cerenkov effect; this is followed 
by a general study of total energy losses, scattering and 
straggling laws and particle tracks of thicknesses traversed. 
At the same time, the authors consider the behaviour 
of ideal charged particle beams when crossing layers of 
homogeneous matter. Interest is centred on the modifi
cations which the interactions produce in the characteristic 
parameters of the incident particles and also on the 
secondary radiation emitted by 'thin' and 'thick' targets, 
rather than on the effects produced in the matter which 
is penetrated by the particles. The volume is concluded by 
a series of addenda which remind the reader of the funda
mental laws mentioned in the text. 

This work is directed to those with university training 
in mathematics and physics: it is intended mainly for 
physical chemists, but physicists will also find it interesting 
and useful. The two further volumes which are to be 
published, will deal respectively with the interactions of 
X and y rays, and of neutrons. 

A. R. 
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CERN News 
PS back in action 

The 28 GeV pro ton synchro t ron was 
brought into opera t ion again on 25 
May as schedu led , af ter its shu t -down 
wh ich had been lengthened f rom six 
weeks to th ree months fo r repair of 
the magnet power supply. On the 
f i rs t day of opera t ion the beam 
intensi ty reached 7 x 1 0 1 1 p ro tons per 
pulse and th is intensi ty has been 
re l iably main ta ined. On 4 June, IV2 
days before the end of the f i rs t run
ning per iod , a water leak on the 
septum of the s low e jec ted beam 
magnet in s t ra ight sec t ion 58 f l o o d e d 
abou t one tenth of the PS vacuum 
chamber wi th water and mol ten c o p 
per. A f te r c lear ing up the chamber 
and f i t t i ng a new septum the physics 
p rogramme star ted again a day late on 
10 June. 

The physics p rogramme began on 
26 May, and the fo l l ow ing exper iments 
rece ived beam in the f i rs t week : 

545 — to obta in a more accura te 
de terminat ion of the decay 
parameters of the A 0 

546 — which is look ing fo r the p ro
duc t ion of neutral resonances 
and the i r decay into neutral 
par t ic les 

S50 — to examine the (3-decay of the 
H hyperon 

S43 — wh ich uses a po lar ized pro ton 

ta rge t invest igat ing the scat
te r ing of a beam of jt mesons 
to de termine how the scat ter 
ing depends upon the spin 

S39 — one of the exper iments con 
cerned wi th the decay of the 
K ° L meson into two jt mesons, 
wh ich looks fo r in ter ference 
be tween K ° s and K ° L (see 
CERN COURIER, vo l . 6, no. 3 
(March 1966) p. 43) 

X4 — a bubb le chamber exper iment , 
using the C E R N 1.2 m heavy 
l iqu id chamber, to look fo r the 
decay of the K° into two 
neutral x mesons 

S35 — to invest igate charge exchange 
in the scat ter ing of a jt meson 
beam f rom a polar ized pro ton 
ta rge t 

S42 — to look fo r e lec t romagnet ic 
decays of resonances. 

Rencontres de midi 
The guest speaker at the 'Rencon

t res de M id i ' held at CERN on 23 May 
was Mr. Haas, D i rec teur de I 'Hopital 
Cantona l , who spoke on T h e Geneva 
Hosp i ta l , now and in the fu ture ' . 

Some 28 000 pat ients are reg is tered 
at the Hosp i ta l each year. Each 
pat ient stays on average for 20 days 
wh ich represents about 80 % use of 
the hospi ta l 's 2000 beds. A funda
mental p rob lem at the Hospi ta l is the 
recru i tment of suf f ic ient , appropr ia te 
staff. 2680 peop le work there inc lud
ing 1327 nurses, but in Swi tzer land 

there is a shor tage of around 4000 
medica l staff. 

The annual budge t of the Hosp i ta l 
is 50 mi l l ion Swiss f rancs, of which 
39 mi l l ion is a l loca ted to the staff 
salar ies. 57 % of the cost comes f rom 
the S ta te ; the cos t to the pat ient is 
not h igher than 24 f rancs per day on 
average whereas the actual cost per 
day at the hospi ta l is 86 f rancs. 

The prob lems wh ich the hospi ta l 
wi l l have to f ace in the fu ture are 
concerned wi th increas ing l i fe expec t 
ancy (which has now reached 78 years 
for a man and 82 years fo r a woman) ; 
road acc iden ts (which are now f ive 
t imes h igher than 20 years ago) ; the 
increas ing techn ica l i t y of medica l 
t rea tment ; the tendency to use 
hospi ta ls more ; the shor tage of space. 

Visit 
On 10 June a g roup of sc ient is ts , 

government o f f ic ia ls and represen
tat ives of industry f rom Spain v is i ted 
CERN. The v is i t was organized at 
the in i t iat ive of Professor O te ro 
Navascues, Pres ident of the 'Junta de 
Energ ia Nuc lear ' and fo l lows the vis i t 
of t he D i rec to r Genera l of CERN to 
Spain in May. The v is i tors had an 
in t roductory ta lk about CERN f rom 
Prof. A rmente ros and spent a large 
part of the day seeing the acceler 
ators, exper iments and analysis equ ip
ment at the Laboratory . Professor 
Gregory j o i ned the group fo r d iscus
sions in the a f te rnoon. 

A group of visitors from Spain at CERN on 
10 June. This photograph was taken in the 
NPA Building where they saw several electro
static separators and the operation of a laser 
used in experiments on the development of 
pulsed separators. Mr. Jeannerot (in the white 
coat) is describing the operation of the 
separators. 
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DG in transit 
Fol lowing his v is i t to Spa in , repor ted 

in the last issue of C E R N COURIER, 
Professor Gregory , D i rec to r Genera l 
of C E R N , wen t wi th th ree CERN 
co l leagues (Dr. C i t ron , Dr. Lock and 
Prof. Peyrou) to the Sov ie t Union on 
24 May. The purpose of th is v is i t 
was to cont inue the d iscuss ions wi th 
the Sov ie t sc ient is ts ( inc lud ing 
Professor Petros iants, Cha i rman of the 
USSR State Commi t t ee on the Use of 
A tom ic Energy) about fu ture co l labo
rat ion be tween C E R N and the Labo
ratory at Serpukhov where the largest 
acce le ra to r in the wor ld , a 70 GeV 
pro ton synchro t ron, is near ing com
p le t ion . 

The pr inc ip le of such co l labora t ion 
was suppor ted at the C E R N Counc i l 
Mee t ing in December 1965 and the 
cont inu ing ta lks be tween representa
t ives f rom Serpukhov and C E R N are 
d i rec ted towards work ing out the 
extent and the deta i l of the co l labo
rat ion. A proposa l wi l l eventual ly be 
presented to the C E R N Counc i l when 
the negot ia t ions have reached an 
appropr ia te s tage. 

As a fur ther ind ica t ion of the grow
ing exchange between Europe and the 
USSR in the f ie ld of sub-nuc lear 
physics, an agreement is be ing nego
t i a ted between France and the Sov ie t 
Union fo r the use at Serpukhov, by 
j o i n t team$ of Sov ie t and French 
physic is ts , of a very large hydrogen 
bubb le chamber be ing cons t ruc ted at 
the Saclay Laboratory . The chamber 
is c a l l e d ' M i r a b e l l e ' and is schedu led 
fo r comple t ion in 1969. 

On 5 June, Professor Gregory 
t rave l led to Ho l land to be present at 
the open ing of the '1966 C E R N Schoo l 
of Physics ' where he gave a seminar 
on the PS exper imenta l p rogramme. 
He had d iscuss ions w i th the Dutch 
high energy physic is ts about the i r 
fu ture plans (they are at present 
p ropos ing a Nat iona l Inst i tute fo r High 
Energy Physics to co-o rd ina te some of 
the work of the groups act ive in dif
fe ren t Univers i t ies, — Amste rdam, 
N i jmegen , Ut recht , Gron ingen and 
Leiden — fo r p ro jec ts beyond the 
capabi l i ty of a s ingle Univers i ty) and 
ta lked wi th the Nether lands ' Min is ter 
fo r Educat ion and Sc iences . Dur ing 
his stay in Ho l land , the D i rec to r 
Genera l also v is i ted the Zeeman 
Laboratory (Amsterdam) , the Univer
sity of N i jmegen and the Phi l ips 
Laboratory at E indhoven. 

On 8 June, Professor Gregory 
moved on to Be lg ium. He v is i ted 
the high energy physics Labora tory at 
Brussels and gave a ta lk on 'H igh 
Energy Physics at C E R N ' at the 
'Fondat ion Univers i ta i re ' . On 10 June 
he was received in aud ience by 
H.M. Baudouin I, K ing of the Belg ians. 

Schools 

The 1966 CERN Schoo l of Physics 
was held at Noordw i j k -aan-Zee , Ho l 
land, f rom 6—18 June. It was the f i f th 
in a ser ies of courses which have been 
previously held at S t .Cergue, Swi tzer
land ( tw ice) ; Herceg Nov i , Yugos lav ia 
and Bad Kreuznach, Germany. They 
are d i rec ted at young exper imenta l 
physic is ts , regardless of the par t icu lar 
t echn ique in which they are work ing , 
f rom Laborator ies c losely assoc ia ted 
wi th C E R N . 99 students f r om 19 
count r ies ( inc lud ing 8 non-member 
States of CERN) a t tended th is year 's 
schoo l . 

The schoo l was opened on 6 June 
by His Excel lency Mr. D iepenhors t , the 
Nether lands ' Min is ter fo r Educat ion 
and Sc iences . The course inc luded 
a ser ies of lectures on major t op i cs 
of cur rent interest in sub-nuc lear 
physics given by Professors Van Hove 
(CERN) , To lhoek (Gron ingen) , de 
Swar t (N i jmegen) , Mi l ler (Berke ley) 
and Dr. Bel l (CERN) . There were 
also seminars by the D i rec tor Genera l , 
Prof. K ron ig (Del f t ) , Prof. S te inberger 
(Co lumb ia /CERN) , Dr. Hyams (CERN) , 
and Dr. Sens (Ne ther lands /CERN) . 

The Internat ional Schoo l of Physics 
'Et tore Majorana ' began on 19 June 
and wi l l cont inue unti l 4 July. This is 
the four th t ime the Schoo l has been 
held at Er ice in Sic i ly and the course 
th is year is devo ted to 'S t rong and 
Weak Interact ions — Present Pro
b lems' . Among the lecturers was 
Prof. Ge l l -Mann who spoke on 'Cur rent 
a lgebras and broken symmetry ' . 

The second course in 1966 of the 
Internat ional Schoo l of Physics 
'Enr ico Fermi ' began on 27 June and 
wi l l cont inue unti l 9 July. The top i c 
of the course is ' In teract ion of H igh -
Energy Part ic les wi th Nuc le i ' . The 
Schoo l is be ing held at Varenna in 
Italy. 

News 
from Abroad 

Rutherford Laboratory 

The 7 G e V proton synchro t ron , 
N imrod , wh ich suf fered a power supply 
fa i lure in 1965, is back in act ion at 
the Ruther ford Laboratory, in the UK. 
The acce le ra to r has jus t comp le ted 
an intensive per iod of opera t ion 
ex tend ing over three months wi th only 
four 12 hour maintenance per iods. 
The per fo rmance of the machine 
improved steadi ly th roughout the run 
to g ive abou t 80 % ef f ic iency dur ing 
schedu led exper imenta l t ime. Beam 
intensi t ies of 10 1 2 protons per pulse or 
bet te r were rel iably ach ieved. The 
ex t rac ted pro ton beam ef f i c iency 
reached 2 2 % . 

The newly commiss ioned 1.4 metre 
heavy l iqu id bubb le chamber has taken 
200 000 pho tographs examining the 
decay of the eta meson. An 82 cm 
hydrogen bubb le chamber, on loan 
f rom Saclay, France, has now taken 
1.7 mi l l ion p ic tures at N imrod and is 
work ing ext remely wel l . 

The Labora tory is par t icu lar ly p roud 
of the re la t ionship it has estab l ished 
wi th the Br i t ish univers i t ies where it 
has p ioneered co l labora t ion be tween 
a government es tab l ishment and uni 
vers i t ies. Over 200 universi ty phys i 
c ists (20 research groups f rom 13 
physics depar tments) inc lud ing about 
60 pos tg raduate students, take part in 
the research programme. Univers i ty 
staff are involved in management of 
the Labora tory at all levels and the 
research is organ ized, as far as pos
s ib le, to enab le the v is i tors to carry 
out the i r normal universi ty dut ies also. 

A p rogramme of work on super
conduc t ing magnet techno logy is 
under way. A 6 f t bend ing magnet 
w i th a 30 kG f ie ld is under cons t ruc t ion 
fo r the external pro ton beam and 
cons idera t ion is be ing g iven to the 
use of a superconduc t ing magnet fo r 
a very high f ie ld bubb le chamber 
(perhaps 70 kG over 1.5 metres) . 
Some pre l iminary though t has also 
been g iven to the possib i l i ty of a 
convers ion of N imrod to a 50 GeV 
st rong focus ing machine using super
conduc t i ng magnets. 
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An aerial view of the Rutherford Laboratory 
site. The circular shape of the earth mound 
covering the NIMROD magnet ring with its 
injector can be seen in the centre of the 
photograph. The smaller of the two acceler
ators at the Laboratory, a 50 MeV proton 
linear accelerator is in the building on the far 
left. (Reproduced with acknowledgement to the 
Rutherford Laboratory). 

No dec is ion has been taken yet on 
the future nat ional p rogramme of high 
energy physics research in the UK. 
A 4 GeV e lect ron synchro t ron , Nina, 
at Daresbury, is expec ted to prov ide 
its f i rs t beams by the end of 1966, but 
beyond that , much wi l l depend upon 
the progress of the European pro
gramme. 

Stanford 
Elect ron beams wi th an energy of 

10 GeV were ach ieved fo r the f i rs t 
t ime at the Stanford Linear Acce le r 
ator Cent re (SLAC) on 21 May. The 
e lec t ron l inear acce lera tor , des igned 
fo r an energy of 20 GeV, is the most 
power fu l e lec t ron machine in the wor ld . 

S tanford Univers i ty p roposed the 
cons t ruc t ion of th is acce le ra to r in 
Apr i l 1957 to p roduce an e lec t ron 
beam of high intensi ty in the energy 

range 10 to 20 GeV. Author izat ion 
was given in 1961 under a cont rac t 
w i th the U.S. A tomic Energy Commis 
sion. The machine represents a 
log ica l extension of the work begun at 
S tanford in 1946 under the gu idance of 
the late Professor Hansen. In 1951, 
th is work resul ted in the comple t ion 
of a 1 GeV l inear e lect ron machine 
(ca l led the Marx III acce lera tor ) . 

The 20 G e V acce lera tor is 10 000 f t 
long, housed in a tunnel 25 f t under
ground. The e lect ron beams t ravel in 
a 4 inch d iameter copper tube and are 
acce le ra ted by e lect romagnet ic , waves 
set up by 240 klystrons. These klystrons 
wi l l each give 24 M W of power in 
pulses 2.5 [is long, 360 t imes per 
second. The average beam current 
wi l l be 30 <iA in pulses 1.7 ^LS long. 
A t 20 GeV the mass of the e lec t rons 
is 40 000 t imes greater than the i r rest 
mass and they are t rave l l ing at 
0.999 999 999 7 of the ve loc i ty of l ight. 

A t the end of the acce le ra to r is a 
1000 f t long 'beam swi tchyard ' where 
power fu l magnets are set up to swi tch 
the beam onto d i f fe rent exper iments 
in two large exper imenta l areas. 

The p ro jec t s tar ted in Apr i l 1962 and 
it is hoped to have high energy physics 
exper iments under way before the end 
of 1966. The machine wi l l be used for 
s tudies of basic e lec t ron p roduced 
in teract ions, fo r s tudies of par t ic le 
s t ruc ture (Pro fessor Hofs tad te r has 
a l ready ga ined a Nobe l Prize fo r his 
work on th is t op i c using the smal ler 
S tan fo rd mach ine) , fo r exper iments 
wi th secondary par t ic le beams of 
neutr inos, photons, etc., and fo r tests 
of basic e lec t romagnet i c theory. 

It is in tended that the machine wi l l 
be avai lable to physic is ts f rom Stan
fo rd , f rom other parts of the Uni ted 
States, and f rom th roughout the wor ld . 

A view along the two mile beam tunnel of 
the 20 GeV electron linear accelerator at 
Stanford. The smaller, higher, white-covered 
tube is the beam pipe along which the 
electrons travel. The large aluminium pipe at 
the bottom is its support structure which is 
also used for alignment purposes by shining 
a laser beam down the pipe. The accelerator 
components have to be aligned straight to an 
accuracy of 1 mm along its entire length. 
(Reproduced with acknowledgement to Stanford 
University News Service.) 

113 



Chalk River 
A pro jec t to bui ld an intense neutron 

genera tor ( ING) has been p roposed 
at Chalk River in Canada. As men
t ioned in the last issue of CERN 
COURIER (p. 89) the p ro jec t may 
involve a new type of acce le ra to r f i rs t 
deve loped by F. M. Russel l of the 
Ruther ford Laboratory . This is a 
separa ted orb i t cyc lo t ron (SOC) . 
(Another poss ib i l i ty is a l inac to pro
v ide cont inuous, intense beams.) The 
S O C combines many of the good 
features of o ther t ypes of acce le ra to rs 
into one machine. It can be opera ted 
to prov ide pulsed or cont inuous 
beams; it is s t rong focus ing and 
opera tes at f i xed f i e ld and f i xed 
f requency ; there are no resonance 
p rob lems; in jec t ion and ex t rac t ion of 
beams is s t ra ight f o rward . 

The machine is e f fec t ive ly a co i l ed -
up l inear acce le ra to r wh ich never the
less, as wi th the c i rcu lar machines, 
uses the same units many t imes. A 
pro ton beam in t roduced at the cent re 
is acce le ra ted by a ser ies of r.f. 
cavi t ies a l ternat ing w i th focus ing 

magnets. The cavi t ies g ive the 
pro tons very large energy gains per 
turn and hence keep the turns sepa
rated even at high beam energ ies 
wh ich makes ext ract ion very easy as 
opposed to the convent iona l cyc lo 
t ron . 

The Chalk River p ro jec t envisages 
beams of up to 80 mA at 1 GeV. 
The power requi rements of the r.f. 
cav i t ies are very great and Russel l 
has p roposed a system (now cal led 
the super SOC) whereby an intense 
e lec t ron beam could be used to exc i te 
the cavi t ies. Two 2 A, 4 MeV e lec
t ron beams f rom Van de Graaf f t ype 
machines (also involv ing a new idea 
f rom Russell) wou ld be dece le ra ted 
to 2 MeV in the cavi t ies g iv ing up the i r 
energy to acce lera te the pro ton beam. 
The system thus becomes a par t ic le 
energy t ransformer. 

Neut rons would be p roduced f rom 
the spal la t ion process by f i r ing the 
pro ton beam into a mol ten lead-b is
muth target . Abou t f ive t imes less 
heat is genera ted per neutron wi th 
the spal la t ion process compared wi th 

f iss ion. As opposed to nuc lear 
reactors, wh ich are the most intense 
neutron sources current ly avai lab le, 
there is no prob lem f rom the neut ron 
source go ing 'c r i t i ca l ' . 

It is es t imated that the p ro jec t cou ld 
prov ide about 5 x 1 0 1 7 neutrons/s. It 
wou ld be used fo r neutron beam 
research (with app l ica t ions in so l id 
s tate phys ics, etc.) , fo r mater ia ls 
tes t ing ( reac tor techno logy) , as an 
iso tope p roducer and cou ld be used 
to b reed f iss i le mater ia l by su r round
ing the ta rge t wi th a b lanket of 
thor ium. This f iss i le mater ia l cou ld 
then be used in a reactor wh ich wou ld 
supply the acce le ra to r wi th its power. 
On paper, the system cou ld p roduce 
more power than it consumes. 

The p ro jec t obviously involves many 
new, unt r ied features. The es t imated 
cost is $ 150 mi l l ion. 

A con fe rence on separated orb i t 
cyc lo t rons and beam cavi ty inter
ac t ions wi l l be held at the Ruther ford 
Laboratory on 6—8 July. 

High VACUUM Components 
immediate ly avai lab le f rom Zur ich s tock 

Precision electric 
Ovens and Furnaces 
Heat ing and dry ing ovens, incubators , tube furnaces 

QUARTZ Tubes made of Heralux 
f rom our Zur ich stock. 
A r t i c les for Laborator ies 
and op t i cs made of quartz 

So le agency for Swi tzer land and L iechtenste in 

Wismer AG 
Oerlikonerstrasse 88 
8057 Zurich 
Tel. 051 46 40 40 

114 



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. It happens every day 
when thousands of people working in nuclear laboratories go safely home. 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, Neutron 
Monitors, Air Monitors, as well as the Wells series of modular nucleonic instru
ments. If nuclear safety is your business, send now for full details of the EMI 
range. 

I EMI 

Above: Ratemeter RM2 is a low cost solid state 
general purpose monitor for all types of radiation. It 
weighs only 6 lb. 
Below: Alpha Monitor Type PAM 1 is a battery-
operated portable instrument weighing only 3 i lbs, 
which wil l detect alpha radiation in presence of 
high gamma fields. Also ideal for monitoring 
Americium 241 and Radium 226 for alpha radiation. 

INSTRUMENT DIVISION ' HAYES ' MIDDX • ENGLAND • TELEPHONE: HAYES 3888 
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ADJUSTABLE DELAY LINE 

T W I N D E L A Y L I N E T Y P E 701 of fers : 

— T w o i n d e p e n d e n t de lay circuits 

— Digi ta l de lay se lec t ion 

— S ing le steps of 1 ns 

— M a x i m u m ad justab le de lay 99 ns 

— N e g l i g i b l e damping 

— Ref lec t ion loss smal ler than 5 % 

— R e m o t e Cont ro l 

Other products : 

F A S T S C A L E R 'types 601-613, resolution corresponding to 
2,20 or 100 Mc/s, 6 or 8 decades per scaler, binary or decimal 
display, built in power supply and automatic readout facilities. 

R E A D O U T L O G I C 630 Control unit for automatic readout up 
to 98, 6 or 8 decades - scalers. 

D R I V E U N I T 642 Simultaneous control of recording instruments 
such as output writers, tape perforators etc. 

P A R A M E T E R U N I T 650 For insertion of identification and 
information to be read out together with the scaler contents. 

O U T P U T W R I T E R 494 with typing head. Operates at an output 
speed of 14 characters/s. 

H I G H S P E E D T A P E P U N C H 493 for 110 characters/s, self 
contained power supply. 

TAPE READER 495 for 10 characters/s. 

Write or phone for more details. 

I E L E C T R O N I C S O L O T H U R N 
D©reFf£© - SWITZERLAND 
Heidenhubelstr. 24 Tel. 065 / 2 85 45 
G r e a t Br i ta in: 36, East Street, Shoreham-by-Sea, Sussex, tel. 4305 
G e r m a n y : Kaiserstrasse 10, 8 Miinchen 23 
F r a n c e : Sorelia Electronique, 92 Courbevoie, 25, rue de Nor-

mandie, tel. 333 82-96 
I taly : D.I.S.I. Nuclear Corporation, Viale Lunigiana 40, Milano 
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FROM 1 r s t O F APRIL 1966 

100 Mc COUNTER, DECIMAL VERSION-SEN 136 
- Size and readout circuits compat ib le with standard SEN 

123 scaler (CERN 3009) 
- Frequency range: zero DC to over 100 Mc (countinuous 

and aperiodic rates) 
- Better than 10 ns tr iple pulse resolution 
- Minimum input pulse w id th : 2 ns 
- Input impedence: 50 or 75 Ohms 
- Adjustable input threshold from 350 mV to 1,5 Volt 
- Input circuit protected against overloads 
- Capaci ty: 10 6 

100 Mc COUNTER, BINARY VERSION-SEN 194 
- Same general character ist ics as the SEN 176 counter 
- Straight binary output for efficient operation with "on l ine" 

computers 
- Capaci ty : 2 n 

BUFFER MEMORY-, SEN 400 
- Al lows recording of several events during each burst of 

accelerators 
- Provides most efficient use and considerable economy of 

magnetic tape 
- Capaci ty : 1024 words of 24 bits 
- Compatible with SEN standard counting systems 
- Standard chassis for 19" rack 
NEW LINE OF MEMORY MODULES SOLVING SPECIFIC 
NEEDS OF PHYSICISTS. 

SOCIETE D'ELECTRONIQUE NUCLEAIRE 
3 1 , AV. ERNEST-PICTET GENEVE-SUISSE TEL. ( 0 2 2 ) 4 4 2 9 4 0 

NEW ADDRESS 

31, av. Ernest-Pictet Geneva / Switzerland 
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Varian A-Scope 
for Surface Micro-Topography 
and Thin Film Measurements 
Range 30 A to 20.000 A 
Resolution ± 30 A 
over the entire range 
Direct reading filar eyepiece 
Special plate tilt mechanism 
prevents scraping 
between plate and sample 
35 mm or Polaroid cameras optional 
Write for complete information 

Varian AG 
Baarerstrasse 77 
6300 Zug 
Switzerland 

v a r i a n Te l . (042) 4 4 5 5 5 

WESTON 

Weston connu dans la monde entier comme le plus ancien producteu 
d'appareils de mesures electriques de haute qualite s'est specialise egalemen 
dans la production d'elements de precision pour util isation en electronique 
Instruments pour tableaux electriques, appareils portatifs de laboratoire et dc 
service, pinces voit-amperemetriques, photo-cellules de mesure, relais 
potentiometres-Trimmer, elements de servo-mecanisme. 

SOLARTRON 

M iim 
SOLARTRON compte parmi les plus importants producteurs europeen? 
d'appareils electroniques. La nouvelle serie d'instruments se signale par une 
haute precision, une construction robuste et moderne ainsi que par des pri> 
avantageux. 
Oscilloscopes, voltmetres numeriques, alimentations stabilisees, generateur* 
d'impulsions, oscillateurs, amplificateurs de mesure, calculateurs analogiques 
installations de surveillance pour utilisation industrielle. 

HEATH 

HEATH est le plus grand fabricant du monde d'appareils electroniques 
«Construisez vous-meme». Les appareils Heathkit sont apprecies depuis dej 
annees par une clientele de plus en plus nombreuse et sont comparables £ 
tout produit f ini au point de vue qualite. 
Le programme de fabrication est tres vaste, plus de 250 appareils de mesures 
electroniques, emetteurs, recepteurs, radiotelephones, ensemble de haute 
fidelite, materiel didactique, appareils destines aux navigateurs de plaisance 
aux automobilistes, etc. 
Tous les appareils sont livrables en bottes de construction ou prets a Pemploi 

Par ail leurs, en tant que Societe Suisse du GroU' 
pement Schiumberger, nous representons egalemen 
les interets des Societes suivantes: EMR 
ROCHAR - ACB - SEMAC - TOLANA - LEG PA • 
LE BOEUF - KINTEL - QUENTIN. 

Vente et service 

SCHLUMBERGER g e n e v e 
INSTRUMENTATION S.A. Z u r i c h 
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* Pair of coils 

k Induction: 60 000 gauss 

* Cryostat provided with 
windows for radial access 
to field volume • 

Research, Development and Production of 
SUPERCONDUCTIVE COILS 
Integrated into 
CRYOSTATIC SYSTEMS 

Q C E N T R E D E R E C H E R C H E S D E L A 
C O M P A G N I E G E N E R A L E D ' E L E C T R I C I T E 

DEPARTEMENT DES ETUDES ATOMIQUES. 91. MARCOUSSIS FRANCE 
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