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CERN, the European Organizat ion for 
Nuclear Research, was establ ished in 
1954 to ' . . .prov ide for co l laborat ion 
among European States in nuclear re
search of a pure scient i f ice and funda
mental character, and in research 
essential ly related thereto ' . It acts as a 
European centre and co-ord inator of 
research, theoret ical and exper imenta l , 
in the f ie ld of sub-nuclear physics. This 
branch of sc ience is concerned with the 
fundamental quest ions of the basic laws 
governing the structure of matter. CERN 
is one of the wor ld 's leading Labora
tor ies in this f ie ld. 

The exper imental programme is base< 
on the use of two proton accelerators 
a 600 MeV synchro-cyc lot ron (SC) and a 
28 GeV synchrotron (PS). At the latter 
machine, large intersect ing storage rings 
(ISR), for exper iments wi th co l l id ing 
proton beams, are under construct ion. 
Scient ists f rom many European Univer
sit ies, as wel l as f rom CERN itself, take 
part in the exper iments and it is est i 
mated that some 700 physicists outs ide 
CERN are provided with their researc 
material in this way. 

The Laboratory is s i tuated at Meyrii 
near Geneva in Switzer land. The site 
covers approximately 80 hectares 
equal ly d iv ided on either side of the 
front ier between France and Switzer
land. The staff totals about 2350 people 
and, in addi t ion, there are over 400 
Fellows and Visi t ing Scient ists. i 

Thir teen European countr ies par t i 
c ipate in the work of CERN, contr ibut ing 
to the cost of the basic programme, 
197.5 mi l l ion Swiss f rancs in 1968, in 
propor t ion to their net nat ional income. 
Supplementary programmes cover the 
construct ion of the ISR and studies for 
a proposed 300 GeV proton synchrotron. 

Comment 
The art ic le on page 28 carr ies more infor
mation on the new accelerator technique 
wh ich has received a great deal of at ten
t ion since the Cambr idge Accelerator Con
ference in September of last year. At that 
Conference, scient ists f rom the Soviet 
Union announced successful prel iminary 
work with a model using the new ideas, 
bui l t at Dubna. 

Their device was then n ick-named the 
'Smokatron ' s ince it forms electron r ings 
and accelerates them like a series of smoke 
rings ; protons could be made to sit inside 
these rings and be pul led along as the 
rings are accelerated. Recently, the name 
'Veksler t ron' has become popular — it 
pays t r ibute to the late Professor 
V. I. Veksler who init iated the work at 
Dubna. More sober names for the same 
th ing are 'col lect ive ion accelerator ' or 
'coherent f ie ld accelerator ' . 

Since the Conference, a group at the 
Lawrence Radiat ion Laboratory in the USA 
has proposed a simi lar model to test the 
basic pr inc ip les and to provide exper ience 
for any potential appl icat ion to a ful l -scale 
device. They have also added new names 
including 'ERA' — for 'Electron Ring Ac
celerator ' . 

There has already been tentat ive 
th inking in the Soviet Union on machines 
of this type for energies in the hundreds of 
GeV region. They may be capable of ac
celerat ing at the rate of up to 600 
MeV/metre (compared with convent ional 
proton l inear accelerator rates of 3 
MeV/metre) ; of very high intensit ies and 

of accelerat ing a variety of ions... and they 
cou ld cost less money. On the other 
hand, they wou ld probably impose heavy 
demands on r.f. power ; involve di f f icul t 
problems of ensuring beam stabil i ty, and 
produce beams wh ich would need severe 
doctor ing before being useful for important 
convent ional exper imental techniques (par
t icular ly 'e lectronics ' experiments). This 
last point wh ich concerns their usefulness 
as machines for doing physics should 
really be the most important quest ion of al l . 

Nevertheless, radical developments in 
accelerator technology do not arise every 
day, and perhaps not s ince the int roduct ion 
of the st rong-focusing pr inc ip le, used in 
the present highest energy synchrotrons, 
has so much interest sett led on a new idea. 

But before any sensible compar isons can 
be made concern ing its potent ial i t ies for 
the future, it is important to check exper i 
mental ly the basic pr inc ip les, to confront 
the problems of design and thoroughly to 
th ink out and test the possibi l i t ies for 
explo i tat ion. This involves many years of 
work, and it is excel lent that the strong 
accelerator team at LRL can add their 
effort to the pioneer ing work at Dubna. 

CERN COURIER is publ ished monthly 
in English and French edit ions. It is 
d ist r ibuted free to CERN employees and 
others interested in sub-nuclear physics. 
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CERN News 

Europe's biggest 
superconducting magnet 
A superconduct ing magnet, the largest and 
most powerful ever constructed in Europe 
was operated at CERN in January. The 
magnet is in a test assembly where one of 
a series of model studies, in preparat ion 
for the construct ion of the large European 
bubble chamber, is being carr ied out. 

The large hydrogen bubble chamber, 
wh ich in its latest design is 3.7 m in d ia
meter wi th 22 m 3 of 'useful volume' , is being 
f inanced by CERN, the Federal Republ ic of 
Germany and France. It is scheduled to 
come into operat ion at CERN in 1972, 
posi t ioned at the end of a large new 
exper imental hall a longside the inter
sect ing storage rings. (A ful l descr ipt ion of 
the project can be found in CERN COU
RIER vol . 7, page 143). 

Many new techniques are required to 
extend the size of the exist ing largest 
bubble chambers (of wh ich the CERN 2 m 
chamber is a typical example) to that 
envisaged for the European chamber. One 
of these techniques is the use of a super
conduct ing magnet to achieve an accurate 
f ie ld of 35 kG over the useful volume of the 
chamber. As at present conceived, the 
magnet wi l l consist of two identical 
cy l indr ica l coi ls surrounding the chamber 
separated by an air gap of 50 cm, where 
spacers wi l l be posi t ioned to wi thstand the 
attract ive force of about 8500 tons act ing 
between the coi ls when they are powered. 
No main iron f lux-return path wi l l be 
needed but the whole chamber wi l l be 
housed in a screen of low-carbon steel to 
prevent the huge stray f ie ld f rom affect ing 
other equipment. The dimensions of each 
coi l are est imated as 4.7 m internal d ia
meter, 5.7 m external diameter and 1.6 m 
high. Each wi l l be fed by a current of f rom 
8000 to 10000 A from suppl ies capable of 
10 to 20 V. To achieve the extremely low 
temperatures, where superconduct iv i ty 
comes into effect, each coi l wi l l sit in a 
bath of l iquid hel ium. 

No superconduct ing magnet on this 
scale has ever been built and a variety of 
tests are necessary before f ix ing the detai ls 
of the f inal design. One of the most impor
tant of them is to select the materials and 
construct ion method for the superconduct 
ing str ip of which the coi ls wi l l be wound. 

The test assembly has been chr is tened 
BRARACOURCIX (which evolves f rom 'bras 
raccourc is ' , meaning something l ike 'wi th 
might and main ' , whi le paying t r ibute to 
that p innacle of French l i terature 'Aster ix 
le Gaulois ') . It is the result of the work of 
the construct ion group of the large Euro
pean bubble chamber in col laborat ion wi th 
industry and the cryogenics laboratory of 
Physics II Department at CERN. 

Two superconduct ing coi ls, wi th d imen
sions 40 cm internal diameter, 70 cm 
external diameter, 33 cm high, are 
immersed in a cryostat f i l led wi th almost 
70 litres of l iquid hel ium at — 269° C. One 
coi l (produced by Compagnie Générale 
d 'Electr ic i té, France) is constructed f rom a 
composi te conductor consist ing of t i tan ium-
niobium al loy wires (the superconductor) 
in a stabi l iz ing sheath of very pure a lumi 
nium. The other (produced by Siemens, 
Germany) also uses t i tanium-niobium al loy 
but wi th high qual i ty copper as the sta
bil izer. Al together, seven ki lometres of 
superconduct ing str ip are used. 

The coi ls were fed with a current of 
1000 A giv ing a magnet ic f ie ld of over 60 
kG at the centre of the system. It is in this 
f ie ld that samples of the dif ferent types of 
composi te conductor wi l l be p laced to 
examine their propert ies. In part icular, the 
conductor has to be able to operate at 
l iquid hel ium temperatures, carry ing a 
current of 8000 to 10000 A in a f ie ld of 51 
kG, wi thout produc ing heat. 

To safeguard the test assembly against 
any fault in the superconduct ing coi ls , 
some prel iminary exper iments were carr ied 
out. The danger involved can be appre
ciated when one realizes that 2 MJ of 
energy are stored in the coi ls when they 
receive maximum current. If t rouble 
develops, a swi tch ing arrangement dumps 
the energy in two external resistors. On 
test ing this safety device everything 
operated successful ly when transferr ing 
1.2 MJ to the external resistors, but when 
this was increased to 1.7 MJ, eddy currents 
heated and distorted a radiat ion screen 
causing damage inside the cryostat. 

The tests wi l l begin again short ly and it 
is hoped, before the end of the year, to 
have examined the character ist ics of 
di f ferent superconduct ing str ips suf f ic ient ly 
thoroughly to p lace a contract for the 
magnet conductor of the large European 
bubble chamber. 
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Superconducting 
quadrupole for CERN 
The Ministry of Technology in the UK has 
p laced a contract wor th £ 25 000 wi th the 
Oxford Instrument Company to produce a 
superconduct ing quadrupole wh ich wi l l be 
sent to CERN on a long-term loan. The 
Ministry 's purpose is to enable industry to 
cut its teeth on a speci f ic pro ject employ ing 
superconduct ing techniques wh ich are 
expected to g row in importance for 
appl icat ions not conf ined, of course, to 
accelerator Laborator ies. 

The quadrupole lens wi l l be the most 
powerful ever bui l t in Europe wi th a 
magnet ic f ie ld gradient of at least 5.5 
kG/cm over a cy l indr ica l aperture 70 cm 
long and 10 cm in diameter. The magnet ic 
f ie ld at the superconduct ing coi l wi l l be 
about 50 kG. 

The pro ject has involved, in addi t ion to 
the Oxford Instrument Company, the 
Culham Laboratory in the UK (where there 
is a strong team of experts on super
conduct iv i ty techniques) and people f rom 

CERN itself, led by A. Asner. CERN drew 
up the speci f icat ion for the magnet, 
designed and bui l t a co i l -winding model 
and are provid ing the stainless steel po le-
cores, the co i l -wind ing gear and the 
cryostat. 

About 4 km of composi te supercon
ductor, to be suppl ied by Imperial Metal 
Industr ies, wi l l be used in the const ruct ion 
of the four coi ls. The conductor consists 
of sixteen niobium-t i tanium wires em
bedded in a str ip of copper. As a pre lude 
to bui ld ing the quadrupole, a solenoid has 
been wound wi th this conductor and has 
been successful ly tested at Oxford. It gave 
an overal l current density of 120 A / m m 2 at 
a maximum f ield of 54 kG. 

The Oxford Instrument Company is 
responsible for the construct ion and test
ing of the magnet. It is hoped that the coi l 
wi l l be wound on the f irst pole ready for 
test ing by the end of March. 

And more to come? 
To round off this f lurry of news about 
superconduct iv i ty coming into its own at 

BRARACOURCIX — a test assembly, including 
Europe's largest superconducting magnet, to 
be used in examining various superconductors 
to select the best type for the huge magnet 
of the large European bubble chamber. 

CERN, we can ment ion three other possib le 
appl icat ions of superconduct ing magnets 
wh ich are being considered : 

a) A magnet for the Omega project . The 
Omega project is an item in the second 
stage of the improvements programme 
at the proton synchrot ron, and is 
intended to prov ide a major p iece of 
equipment for e lect ronics exper iments. 
The group studying this pro ject concen
trated on the use of spark chambers in 
a magnet ic f ie ld and is designing a 
superconduct ing magnet. 

b) A magnet for a sti l l more ref ined 
version of the muon storage ring exper i 
ment. This exper iment, wh ich is coming 
to its c lose at the proton synchrot ron, 
measures the g-2 of the muon to very 
high accuracy. Think ing about a new 
version is in its early days, but the 
possibi l i ty of using a superconduct ing 
magnet presents the chal lenge of 
produc ing a magnet ic f ie ld stable and 
reproducib le to something l ike one part 
in a mi l l ion. This sort of precis ion has 
never been asked of a superconduct ing 
magnet before. 

c) A magnet for a new polar ized proton 
target. The magnet in this special type 
of target is used to pull the spins of the 
protons into l ine thus y ie ld ing extra 
informat ion when the par t ic le col l is ions 
take p lace. The possibi l i ty of using the 
extremely high f ie lds avai lable f rom 
superconduct ing magnets to do this job 
is receiv ing ser ious considerat ion. 

Getting there faster 
There was brief ment ion in the January 
issue (page 7) of the problems of power ing 
the k icker magnets for the new Booster 
wh ich wi l l inject protons into the PS at 
much higher energy. Had it not been for 
considerable advances over the past few 
years in the technology associated wi th 
these eject ion magnets, the who le Booster 
pro ject as now conceived wou ld have been 
impossible. 

Even so, the requirements to power these 
magnets fast enough are severe. They must 
reach their peak f ie ld in only 50 ns (50 
thousandths of a mi l l ionth of a second). To 
do this, the current fed to the magnet coi ls 
must rise f rom zero to 4000 A in less than 
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15 ns, a l lowing 35 ns for the f ie ld to 
establ ish itself. 

The use of spark-gaps to swi tch on this 
current was rejected in favour of the more 
rel iable and much more ' j i t ter f ree' , high 
vol tage deuter ium thyratrons. However, 
thyratrons switch quite s lowly (about 50 ns) 
compared with t r iggered spark-gaps and 
something has to be done to increase the 
speed at wh ich the effect of the thyratrons 
is felt by the magnet coi ls. A. Bruckner 
proposed the use of an ingeneous non
linear pulse-sharpening delay- l ine between 
the thyratrons and the coi ls and this tech
nique has recently been tested success
fully. 

The idea is to in t roduce saturable in
ductances, ferr i te cores, a long the delay 
l ine. As the cores saturate their impedance 
goes down drast ical ly and the current 
jumps sharply. Rise-t imes after such non
l inear delay-l ines of as low as 10 ns at 30 
kV, 1000 to 1500 A, have already been 
achieved. Several of these delay l ines in 
paral lel should meet the needs of the 
Booster k icker magnets. 

A fascinating photograph taken in the 
control room of the proton synchrotron. 
It is a display of the behaviour of the beam 
during its first forty turns in the machine, 
showing the signals received by an 
oscilloscope from a 'pick-up station' in the 
synchrotron ring. 
The protons orbiting the ring pass between 
pick-up electrodes and induce charge on 
the electrodes. It can be arranged that the 
signals sent out by the electrodes give 
information on the intensity of the proton 
beam or on its position in the vacuum 
chamber. 

In this case, we are looking at the signal 
which is proportional to intensity. There 
are about 40 traces (counting vertically) 
each one representing one turn of the beam 
round the machine. 

If we look first at the bottom trace, we see 
the beam intensity on the first turn after 
injection. Notice that it is almost constant 
since the beam is smeared out evenly 
filling the whole ring. If we now look at the 
trace say seventh from the bottom, the 
radio-frequency system has formed the 

beam into bunches and, instead of 
remaining almost constant, the signal 
(i.e. the intensity) jumps as each bunch 
passes the electrodes. 
The photograph shows the effect of just 
three of the twenty bunches formed in the 
machine; the next trace up being the same 
three bunches on their next turn round. 
After six turns the 'beam control' is 
switched on and the bunches no longer 
'slip' with respect to the accelerating cavity 
voltage (to which the oscilloscope trigger 
is synchronized); hence the steady position 
of the hills after the first seven turns. The 
beam control ensures that the accelerating 
voltage is tuned to the positions of the 
bunches detected by pick-up electrodes. 
The CERN synchrotron was the first 
accelerator to have automatic beam 
control. 

The distance between the hills 
(horizontally) is a measure of the time 
between each bunch passing the pick-up 
station — about 0.3 us. 
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A last look at the 2 MeV Van de Graaff which 
supplied beams to the electron storage ring 
model, CESAR. CESAR is now being dismantled 
and the Van de Graaff will go to the University 
College of Swansea. 

Full-aperture kicker 
A ful l -aperture k icker magnet, to be used 
in a fast-eject ion system at the proton 
synchrotron, operated at ful l voltage for 
the first t ime in February. 

The kicker magnet of a fast-eject ion 
system has the job of bending the acceler
ated protons into a septum magnet wh ich 
completes the bending of the beam out of 
the synchrotron into an experimental area. 
The name 'kicker' , given to such a magnet, 
is an appropr iate one because their 
inf luence is appl ied as a sudden jolt, k ick
ing the protons out of their steady orbits 
in the synchroton r ing. 

In the CERN machine, the protons c i rcu 
late in twenty bunches and the exper imental 
programme may cal l for just a few of these 
bunches to be sent to the experiments 
using the fast-eject ion beam-l ine. (At other 
t imes it may cal l for ail the bunches to be 
ejected.) To be able to p ick out any part i 
cular bunch for e ject ion, wi thout affect ing 
the other c i rculat ing bunches, means being 
able to swi tch the kicker magnet on (and 
off) in the t ime between consecut ive 
bunches passing through the magnet. At 
the PS, this t ime is about 100 ns, and the 
problem of swi tching on high magnet ic 
f ields in such a short t ime is evident. 

One type of fast-eject ion system uses a 
smal l k icker magnet wh ich is thrust into 
the vacuum vessel of the synchrotron 
towards the end of the accelerat ion cyc le. 
The reason for this procedure is that the 
who le vacuum vessel aperture is needed 
for the beam when the protons are f irst 
in jected into the r ing — no magnets can 
be left in the way. Then, as the protons are 
accelerated, the beam shr inks in size 
because of the focusing forces and a 
magnet can be introduced around the 
small beam and be switched-on when 
eject ion is required. In this way, it is 
necessary to achieve the magnetic f ie ld 
over an aperture only a few square cent i 
metres in cross-sect ion. It does, however, 
involve using a hydraul ic p lunging mecha
nism to move the magnet in and out, wh ich 
has to operate wi th great precis ion. 

The possibi l i ty of a ful l -aperture k icker 
— a large stationary magnet sett ing-up 
the necessary f ield over the ful l aperture 
of the vacuum vessel — was put forward 
by H. Fischer several years ago. The work 

s ince then has been led by D. Fiander and 
the team is now part of the 'Magnet and 
Eject ion Group' under A. Asner, in the 
Synchrotron Injector Division. 

The magnet is a delay-l ine type wi th 
cyl indr ical inner and outer conductors 
cross-connected, sett ing-up a vert ical 
f ie ld over the vacuum vessel aperture. 
(People fami l iar wi th this type of magnet 
wi l l probably be able to decipher the 
arrangement f rom the photograph on the 
cover. The white rectangle in the centre 
outl ines the cross-sect ion of the aperture 
over which the f ield is appl ied. Above and 
below, the cross-connect ion between the 
conductors can be seen.) 

The magnet is 2 m long and gives a 
peak f ie ld of 750 G across an aperture 
10.5 X 7 c m 2 . It receives a current of 
8000 A f rom two 110 kV lines which are 
symmetr ical with respect to earth. Power 
is swi tched to the magnets via two spark-
gaps synchronized to 10 ns. (Special low-
j i t ter spark-gaps were developed by D. 
Fiander and D. Zanaschi.) The rise-t ime of 
the f ield is 90 ns which meets the re
quirement to power the kicker between the 
passage of consecut ive bunches in the PS. 

The tests have shown that the kicker can 
either e ject single bunches (or two or three 
bunches if required for experiments), or 
be sustained to eject all twenty bunches. It 
can also, wi th in an interval of 100 to 150 
ms, be powered twice to eject a single 
bunch (or two or three bunches) each 
t ime. Thus, it can pulse twice dur ing the 
' f lat-top' of one machine cyc le and this is 
a part icular advantage for bubble chamber 
experiments. The CERN 2 m bubble cham
ber is being adapted to operate tw ice in 
one machine cycle, so that photographs 
can be taken at twice the present rate. 

During construct ion and commissioning 
of this f i rst ful l -aperture k icker many d i f f i 
cul t problems arose, which could prompt 
other approaches on any further magnet 
of this type (such as may be bui l t for ejec
t ion of the PS beams to the intersect ing 
storage rings). A second version could, for 
example, be built in two units to reduce 
the high voltage of 110 kV to more mana
geable values like 60 to 80 kV. Also deute
rium thyratrons would be considered 
instead of spark-gaps for swi tching the 
power. Some thought is being given to the 
possibi l i ty of employing quadrupoles in the 

PS r ing, to do some addit ional ' k ick ing ' so 
that the burden on the kicker magnet 
proper would be reduced. 

The magnet, wi th its suppl ies and measur
ing equipment, has been assembled in the 
South Experimental Hall extension. A l i fe-
test wi l l now go on for a few months to 
prove the rel iabi l i ty of the various com
ponents over several mi l l ion pulses. If al l 
goes wel l , the kicker wi l l then be instal led 
in straight sect ion 66 of the PS dur ing the 
shut-down which begins in May and should 
further increase the f lexibi l i ty of the fast-
eject ion systems. 

Molecular Biology 
Conference 
A second European Conference on Mole
cular Biology took place at CERN from 
22 - 25 January, under the Chairmanship 
of Professor Olivier Reverdin. The first 
Conference was also held at CERN in 
Apr i l 1967, and one of its major decisions 
was to set up a Work ing Group to consider 
the ways in wh ich European co-operat ion 
in the f ie ld of molecular biology could be 
best achieved. This Group met in June and 
September of last year and prepared a 
draft proposal which was the major subject 
of the January Conference. 

Al l the thirteen Member States and the 
three Observer States of CERN were invi
ted to send representatives and there were 
also observers f rom international organi 
zations such as UNESCO, WHO and CERN 
itself. 

The outcome of the Conference was an 
agreement by twelve European States (the 
CERN Member States wi th the except ion 
of Belgium) which ensures that the Euro
pean Molecular Biology Conference wi l l 
cont inue to meet at least for the next f ive 
years. The main task of these meetings 
wi l l be to support the work of EMBO — the 
European Molecular Biology Organizat ion. 

EMBO is a private organizat ion set up in 
1963 by many leading molecular biologists 
in Europe. It is registered in Geneva and 
has been sustained so far mainly by a 
grant f rom the Volkswagen Foundation. 
The support of many European countr ies 
wi l l enable the organizat ion to intensify 
its work — grant ing study and research 
fel lowships, helping Universit ies by arrang-
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ing for special ized guest professors, 
organiz ing lectures and study meet ings. 

The standing Conference wi l l also be 
able to consider other forms of co-opera
t ion. In part icular, several countr ies are 
keenly interested in sett ing up a European 
Molecular Biology Laboratory. 

The need for such a Laboratory is seen 
as something rather di f ferent f rom that 
wh ich ini t iated CERN. It is not so much to 
concentrate f inancial resources in order to 
provide very expensive equipment, but 
ra ther ' to provide a centre wh ich can br ing 
together an interact ing group of d i f fer ing 
techniques and talents — each of them 
only moderately expensive in itself, but in 
sum beyond most nat ional resources 
(f inancial and, especial ly, human). 

The possible structure of such a Labo
ratory has been worked out in some detai l . 
The total staff wou ld rise to about 560 
people, consist ing of 150 scient ists and 
engineers as 'permanent ' staff, 60 v is i t ing 
scient ists, 40 post-doctora l fe l lows and 
310 technic ians and non-technical staff. 
Considerable emphasis has been put, as 
at CERN, on not dra in ing many highly-qua
l i f ied people away f rom national Univer
sit ies and research centres. The annual 
cost of operat ing the Laboratory has been 
est imated to rise to about 39 mi l l ion Swiss 
Francs. 

A research programme has also been 
considered and has been formulated under 
f ive headings : to study — 

i) the structure and funct ion of proteins, 
ii) viruses, 

iii) the chemical basis of immune response, 
sv) the funct ioning of the nervous system, 
v) the K12 strain of the bacter ium Esche

r ichia col i — a character is t ic un i -ce l lu-

lar organism (this study has become 
known as Project K). 

No posit ive steps towards establ ishing 
such a Laboratory have yet been taken by 
the European governments but it wi l l 
remain on the agenda of the standing 
Conference. A special session of the Con
ference wi l l be cal led before the end of 
the year, when the agreement reached in 
January wi l l be open for s ignature. 

6V3 resonance ejection 
Slow-eject ion using the 6 Vs resonance has 
recently been tested successful ly on the 
proton synchrotron. 

The di f f icul t ies of s low-eject ion were 
d iscussed in CERN COURIER vol . 7, page 
151 when the achievement of an ef f ic iency 
of 8 0 % at the PS was announced. A further 
useful property of the s low-eject ion system, 
wh ich was not ment ioned in that report, is 
the abi l i ty to share protons eff ic ient ly when 
an internal target is being used at the same 
t ime. It is sometimes very useful if the 
accelerated beam can be used pr inc ipal ly 
for exper iments taking beams from an 
internal target, whi le peel ing off a smal l 
percentage of the beam (say 5 or 10%) to 
be fed down the s low-ejected beam-l ine. 
This gives the exper imenters on the s low-
ejected beam a few protons to play wi th 
to set up and test equipment. The present 
' integer resonance' used for s low-eject ion 
is not eff ic ient when shar ing in this way. 

Ch. Iselin worked through the theory of 
673 resonance eject ion wh ich seems more 
appropr ia te for beam shar ing. It has been 
tested on the PS and 50 % eject ion 
ef f ic iency was achieved. To fit into the 
machine programme, the tests involved 

e ject ion down the beam-l ine f rom straight 
sect ion 58. The system wi l l soon be tested 
for the straight sect ion 62 beam-l ine where 
it wi l l eventual ly be used for beam-shar ing 
operat ion of the synchrotron. 

CORRECTION: In the January issue (p. 10) 
we reported that the contract for the pole-
face wind ings of the ISR magnets had been 
awarded to Brown, Boveri and Co., Switzer
land. This should have read Brown, Bover i 
and Co., Federal Republ ic of Germany. 
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Electron Ring Accelerators 
A general explanation of the principles underlying 
a new acceleration technique and a description 
of the work which has been done at Dubna and 
which is starting at the Lawrence Radiation 
Laboratory. 

In our report (CERN COURIER vol . 7, 
page 201) of the Cambr idge Accelerator 
Conference held in September last year, 
we used the phrase 'the most interest ing 
development in accelerator technology ' in 
ment ioning a paper f rom Dubna cal led 
'Col lect ive Ion Linear Accelerator ' . But 
we could not at that t ime pred ic t how the 
interest wou ld spread. In part icular, the 
Lawrence Radiat ion Laboratory in the USA 
is already mount ing a considerable effort 
to study this type of accelerator . 

From whence it came 

Before expla in ing the ideas involved, we 
wi l l make the appropr ia te bows in the d i rec
t ion of the people f rom whose work the 
present s i tuat ion has evolved. 

The f irst known author is W. H. Bennett 
who, way back in 1934, publ ished an ar t ic le 
in Phys. Rev. ent i t led 'Magnet ica l ly self-
focus ing streams'. (Bennett raised the 
subject again in the same journal in 1955). 
H. Al fvén, W. Walk inshaw and J . D. Lawson 
also worked on s imi lar ideas in the early 
1950s. 

The f irst exposi t ion before the acceler
ator wor ld at large, occured at the CERN 
Symposium on High Energy Accelerators 
in 1956, when two Soviet physic ists pre
sented independent work on this subject . 
One was G. I. Budker, wel l known leader of 
the storage ring pro ject at Novosibirsk, wi th 
a paper ent i t led 'Relat ivist ic stabi l ized elec
tron beam' ; the other was the late V. I. 
Veksler wi th a paper ent i t led 'Coherent 
pr inc ip le of accelerat ion of charged par t i 
c les ' . Interest bubbled for some t ime after 
the symposium but s immered down, 
because of t rouble wi th plasma instabi l i t ies. 

It came as a surpr ise at the Cambr idge 
Conference to learn that, fo l lowing a new 
variant of the idea proposed by Veksler, 
the subject had been re-opened at Dubna 
and that the Dubna team, led by V. P. 
Sarantsev had const ructed a model to test 
the pr inc ip les. 

Immediately after the Conference, A. M. 
Sessler f rom Berkeley (who has recent ly 
spent some t ime at CERN and contr ibuted 
s igni f icant ly to the intersect ing storage 
r ing project) fastened onto a study of the 
theoret ical pr inc ip les involved. Since he 
has spent a good part of his life invest i
gat ing other peoples instabi l i t ies (beam 

instabi l i t ies that is), he was surpr ised that, 
on paper, there is no apparent reason why 
the scheme should not work. Interest grew 
around him in the accelerator team at 
Berkeley and the support of the Lawrence 
Radiat ion Laboratory was qu ick ly assured. 
The Laboratory is for tunate enough to 
have equipment avai lable wh ich enables 
them to turn on some exper imental effort 
very quick ly . A team led by D. Keefe, in 
E. J . Lofgren's Accelerator Study Group, is 
bui ld ing a model . Sessler remains in charge 
of the theoret ical invest igat ions. 

What is it all about ? 

Sub-nuclear physics cal ls, part icular ly , 
for intense beams of very high energy 
protons. Supposing we cou ld form a very 
intense bunch of e lectrons and get a much 
smal ler number of protons to sit in that 
bunch in such a way that the assembly of 
part ic les is stable. We could then pui l on 
the electrons with our accelerat ing f ie lds 
and, if the bunch was stable enough, the 
protons cou ld be dragged along wi th the 
accelerat ing electrons. 

The energy that the protons wou ld 
acqui re wou ld be greater than that of the 
electrons in the ratio of the proton mass 
to the electron mass. (In pract ice, this 
f igure wou ld not be the ratio of the rest 
masses, 1836, because the electrons being 
accelerated wou ld be relat ivist ic, i.e. 
heavier objects than electrons 'at rest'. 
They wou ld typical ly have a mass of the 
order of 40 t imes their rest mass, thus the 
protons wou ld gain say 45 t imes — 1836 
d iv ided by 40 — the electron energy.) A 
comparat ive ly modest e lectron accelerator 
cou ld in this way y ie ld very high energy 
protons. 

The prob lem lies in establ ishing and 
maintain ing the stable bunch. The Dubna 
work indicates the way in wh ich this may 
be done, fo l lowing the proposal of Veksler 
that a r ing formed f rom high energy elec
t rons conta in ing a much smal ler number 
of protons wou ld be 'sel f - focusing' , i.e. 
stable. 

This is wr i t ten — 

N e )> N p y Ne / y 2  

where N e is the number of e lectrons in the 
r ing, N p the number of protons in the r ing, 
and y a measure of the energy of the 
electrons as they f ly round the ring (trans-



A schematic diagram of a 'compressor' where 
the electron rings are produced and filled 
with protons. 

verse energy) — not the energy given to 
the electrons by accelerat ing the ring as a 
whole ( longitudinal energy). A lot of the 
prel iminary studies wi l l be devoted to 
studying this inequali ty to f ind out the ideal 
ratio of protons to electrons and the ideal 
e lectron energy, to give the ring maximum 
stabil i ty. 

Now we have to consider how to produce 
the electron rings, how to f i l l them with 
protons and how to accelerate them. We 
wi l l use part icular ly the work of Dubna in 
order to feed some typical parameters into 
the descr ipt ion. 

Forming the rings 

An intense beam of electrons is f i red into 
an ' in ject ion box', i l lustrated schemat ical ly 
in the f igure. A magnet ic f ield appl ied 
across the box (horizontal ly in the figure) 
turns the electrons round so that they 
travel in a ring, init ial ly wi th a radius of 
say 25 cm. The magnet ic f ield is increased 
rapidly, and the ring shr inks down to a 
radius of say 5 cm. This increases the 
transverse energy of the electrons. (It is 
easier, in pract ice, to start wi th fair ly low 
energy electrons and then to shr ink the 
ring to get the transverse electron energy 
high enough.) 

After this, hydrogen gas is fed in and 
is ionized by the fast moving electrons, 
l iberat ing the protons at the nuclei of the 
hydrogen atoms. (Appropr iate t imes are of 
the order of a few hundred microseconds.) 
The posit ive protons are attracted into the 
deep potential wel l wh ich the intense ring 
of negative electrons sets up and jo in the 
electrons in the r ing. (If we think of what is 
set up in the inject ion box as a doughnut, 
both electrons and protons make up the 
dough of the doughnut.) 

The ring wil l be stable provided we have 
achieved a right ratio of protons to elec
trons and a suff iciently high electron energy. 
Typical f igures are 10 1 3 e lectrons, 10 1 1 

protons and an electron energy of 15 MeV. 
Next, by arranging for the magnet ic f ield 
to fall off in one d i rect ion (to the right in 
the f igure), the rings would sl ide down the 
f ie ld and emerge from the inject ion box as 
a stable assembly of electrons and protons 
wh ich can then be accelerated as a whole. 

The whole unit used for forming the rings 
is often referred to as the 'compressor ' . 

Acceleration 

In accelerat ing the rings, it is important not 
to pull so hard that the stabi l i ty is 
destroyed — i.e. the electrons pul led away 
from the protons. 

Two methods of accelerat ion are possi
ble. The first has been cal led 'expansion 
accelerat ion ' . It involves sett ing up a 
magnet ic f ield which is progressively 
weaker along the accelerator tube. In 
t ravel l ing through such a f ie ld, the radius of 
the r ing grows ; the transverse energy of 
the electrons falls and reappears as in
creased longitudinal energy — increased 
energy of the ring as a whole travel l ing 
down the tube. The energy gain is inversely 
proport ional to the square root of the 
strength of the magnetic f ie ld. Thus if the 
f ie ld decreases by a factor of four over 
some distance the energy of the protons 
wou ld be doubled as the rings travel that 
distance. 

An electron ring accelerator (ERA) using 
only expansion accelerat ion might be 
suitable for protons up to energies around 
1 GeV. Such an ERA could be a fair ly 
compact machine giving this order of 
energy over a lenght of about 10 m. For 
energies much in access of this, 'e lectr ic 
accelerat ion ' is needed, using, for example, 
r.f. cavit ies. Here electr ic f ields would 
accelerate the rings, whi le a magnetic 
f ield is cont inuously appl ied to keep the 
ring radius smal l . 

We have to accept that less than a half 
of the energy fed to the rings in acceler
ating them would be carr ied by the protons. 
Even though the protons gain energy say 
45 t imes faster than their carr ier electrons 
(because of the mass dif ference) they 
would be outnumbered by 100 t imes more 

electrons. Nevertheless, in terms of 
ef f ic iency in convert ing the power fed to 
the machine into proton energy, there is 
no reason to th ink that the ERA wou ld be 
part icular ly unfavourable. 

Using the accelerated beams 

Supposing that everything works — that 
we can produce stable rings and accelerate 
them without destroying stabil i ty — how 
could they be used for feeding physics 
exper iments. Having ment ioned several 
t imes how careful one has to be not to 
separate the electrons and protons en route 
to the output end of the machine, it is 
obvious that once they are there, a good 
strong pull with a magnet could def lect the 
electrons away leaving a proton r ing. 

But the output of an ERA would be very 
dif ferent f rom anything we deal with at 
present. Maximum output f igures might be 
10 1 2 protons per pulse (carr ied by 10 1 4 

electrons) at a repeti t ion rate of 100 per 
second. In terms of intensity per second, 
this looks very healthy but the pulse length 
would be in the p icosecond region (a 
mi l l ionth of a mi l l ionth of a second). 

Bubble chambers would not grumble 
about this (though they might grumble at 
being asked to cycle anything like so fast!) 
and a few counter experiments could also 
be happy. But the vast majori ty of counter 
exper iments need a longer duty cycle, 
unless there is a major revolution in count
ing techniques. 

One way to meet this need might be to 
feed the proton pulses into a super
conduct ing storage r ing, where they cou ld 
be ' t ime st retched' before being used for 
counter exper iments. But this could remove 
a lot of any possible cost advantage. 
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We should also ment ion that other possi 
ble features for exper imental explo i tat ion 
are that the ERA could also accelerate 
heavy ions and polar ized protons. These 
might turn out to be the major appl icat ions 
in the ear l ier stages of development. 
Expansion accelerat ion giv ing 1 GeV per 
nuc léon wou ld br ing a g leam to the eyes 
of nuclear structure enthusiasts. Even 
per formance f igures much lower wou ld be 
very acceptable for heavy ion accelerat ion. 

The work of Dubna 

Let us now turn to what has been done and 
is being done, descr ib ing f i rst the model 
bui l t and operated at Dubna to test the 
basic pr inc ip les. At the Cambr idge Acceler 
ator Conference, the Soviet scient ists 
announced that they had achieved stable 
r ings of e lectrons and protons in the com
pression stage and that they behaved 
accord ing to the theory. This is major 
hurdle number one overcome but extract ion 
has not yet been achieved. 

Their model uses an e lectron induct ion 
accelerator feeding beams of 200 A at 1.5 
MeV into their in ject ion box where a 
vacuum of 10~8 torr is mainta ined. The 
init ial r ing radius is 25 cm wi th a f ie ld of 
200 G across the box. The magnet coi ls 
are pulsed to rise to 10 kG in 500 us. The 
r ing radius shr inks to 5 cm and the t rans
verse e lectron energy increases to 15 MeV. 
Hydrogen is fed in after compress ion of 
the ring and intensit ies of 10 1 3 e lectrons 
and 10 1 1 protons are achieved. 

The next work at Dubna wi l l be on 
extract ion of the r ings and accelerat ion. 
They have addi t ional coi ls wh ich can be 
pulsed to remove the symmetry of the 
f ie ld in the box so that the r ings s l ide out 
where the f ie ld is weaker gain ing energy 
by expansion accelerat ion. The rings wi l l 
then pass through four r.f. cavit ies each 
capable of giv ing 25 MeV energy to the 
protons. The cavit ies operate in the E010 
mode at a f requency of 150 MHz. 

In the electr ic accelerat ion region, it has 
been arranged for the magnet ic f ie ld (which 
is appl ied all a long the tube) to vary in an 
important way. In the cavit ies the f ie ld 
increases to shr ink the rings increasing the 
transverse energy ; between the cavit ies 
the f ie ld decreases, the r ings increase in 
size and transverse energy is t ransferred 

into further accelerat ion of the rings. In this 
way the need to restrain the electr ic f ie lds 
so that they dont pul l the r ings apart is 
part ial ly relaxed in that higher f ields in the 
cavit ies themselves can be to lerated pro
v ided the average f ie ld remains wi th in the 
l imit. 

After the cavit ies, expansion acceler
at ion wi l l take place over a d istance of 
12.5 m wi th the magnet ic f ie ld decreasing 
f rom 10 kG to a few kG and the proton 
energy wi l l increase to about 1 GeV. 

At LRL 

The Lawrence Radiat ion Laboratory is 
able to turn on an exper imental p rogramme 
very quick ly because there already exists 
at the Livermore site an excel lent in jector 
— the Astron injector, wh ich was bui l t for 
cont ro l led thermonuclear fusion research. 
It can produce 4.5 MeV electrons in 0.3 us 
pulses of several hundred A at 60 pulses 
per second. This is more than adequate to 
study a broad range of parameters for the 
in ject ion process. 

The ERA research is intended to go in 
two phases. In the first, they wi l l study 
produc ing the rings, extract ing them from 
the compressor and accelerat ing them by 
expansion accelerat ion up to about 1 GeV 
proton energy. (Already, as a guide to the 
f irst phase proper, a small compressor is 
being bui l t f rom 'of f - the-shel f parts by 
W. R. Baker. It wi l l use the smal l 7 MeV 
l inac at Berkeley as its e lectron source and 
may provide some useful indicat ions of the 
problems to be faced, and of the analysis 
techniques which wi l l be needed when the 
compressor to be used with Astron comes 
into use.) They expect to have comple ted 
this f irst phase by September of this year. 
If everything is successful the device cou ld 
then be used for medium-energy physics 
and heavy-ion physics. 

The second phase is basical ly to examine 
just how useful ERAs could be as very 
high energy accelerators. It wi l l involve 
tests of e lectr ic accelerat ion giv ing an 
addi t ional energy gain of 1 GeV to the 
protons. Two possible schemes wi l l be 
studied to choose the best system for 
e lectr ic accelerat ion. One involves the use 
of r.f. accelerat ing cavit ies simi lar to the 
Dubna approach ; the other, fo l lowing an 
idea proposed by E. C. Hartwig and A. 

Faltens (and independent ly, previously, by 
D. Sloan), involves the use of a new 
'pulsed- l ine ' type of accelerat ing co lumn. 
In the pulsed- l ine co lumn, a series of con 
duct ing plates a few cent imetres apart 
wou ld be powered by a high vol tage pulse 
a few nanoseconds long, obta ined by 
d ischarg ing t ransmission lines via spark-
gaps. The spark-gaps f ire so that the plates 
in the ne ighbourhood of the ring are 
powered as the ring travels along the 
co lumn. A lot of work may be needed on 
achieving synchronizat ion and low j i t ter 
wi th the spark-gaps, but this new scheme 
is potent ial ly considerably cheaper. Pre
l iminary work on the type of e lectr ic 
accelerat ion to be used wi l l go on in 
paral lel to the f irst phase of the Berkeley 
ERA effort, so that a cho ice can be made 
ready for instal l ing this addi t ional sect ion 
towards the end of this year. 

It is after the second phase of the 
research has investigated the problems of 
e lectr ic accelerat ion that, if all goes we l l , 
serious design studies for machines in the 
hundreds of GeV region could be made. 

Conference and Symposium 

To draw on the knowledge and exper ience 
of people f rom throughout the accelerator 
and plasma physics wor ld and to keep 
people informed of their work, Berkeley 
organized a Conference and Symposium 
from 29 January to 10 February. 

Three days, 5-7 February, were given to 
the 'Symposium on Col lect ive Field Ac
celerators ' and 75 people at tended, inc lud
ing H. G. Hereward, E. Keil and S. Van der 
Meer f rom CERN. The 'Working Conference 
on the Stabi l i ty of Electron Rings' involved 
about twenty people inc luding Keil . The 
CERN representat ives were three of a 
number of accelerator physicists here who 
have been keeping in touch wi th the new 
developments. 

After the detai led d iscussion at the Con
ference the ideas on the new accelerator 
technique are sti l l al ive. The pr inc ip le d i f f i 
cul t ies were tack led and some prel iminary 
answers to most of them were found — it 
seems that they could be overcome, though 
it may not be easy in pract ice. The pro
gress of the exper imental work at Dubna 
and LRL wi l l be watched with great 
interest. 
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The Weston Accelerator 

Design work has been in progress at 
Oak Brook, wh ich is s i tuated central ly wi th 
respect to the Weston site, Argonne 
National Laboratory and Chicago Airpor t , 
s ince June last year. 

A major pol icy dec is ion af fect ing the 
design should be under l ined before go ing 
into any detai l . A budget f igure of $ 250 
mi l l ion has been f ixed for the construct ion 
of the machine itself. (Exper imental equ i 
pment, development and 'pre-operat ing ' 
costs dur ing the const ruct ion per iod wi l l 
add about $ 100 mil l ion.) Wi th in this 
budget, Wi lson was determined to bui ld 
' the most accelerator possible ' . Therefore, 
in work ing on the machine design, given 
the parameters wh ich have to be met (an 
energy of 200 GeV and an intensity of 10 1 3 

protons per second), everything has been 
done to ensure that a move to substant ial ly 
higher energy (at least 400 GeV) at a later 
date cou ld be easily accompl ished given 
further f inancial support . 

The site 

The site is roughly a f ive k i lometre square. 
Towards one corner, the main r ing has 
been located (see Figure 1) in a posi t ion 
where it passes a cluster of trees and a 
sl ight rise (n ick-named 'Mount Ramsey') 
wh ich break the otherwise f lat s t retch of 
corn- f ie ld . It was dec ided to take advantage 
of this pleasing spot for the Laboratory 
bui ld ings and not to make use of the ful l 
d iagonal of the site for an e jected proton 
beam, wh ich wou ld mean pushing the ring 
as far into the corner as it wou ld go. This 
decis ion was taken reasoning that by the 
t ime the ejected beam is ready for ful l ex
ploi tat ion, techniques, such as the use of 
superconduct ing magnets, should be 
avai lable to reduce the necessary beam 

length below what would seem the opt imum 
wi th convent ional techniques. 

Another general decis ion on the ma
chine, wh ich affects the site layout con
siderably, is to concentrate as many of the 
major components as possib le into one 
region. Thus eject ion and in ject ion are in 
ad jacent straight-sect ions, and the next 
straight-sect ion along contains all the r.f. 
accelerat ing cavit ies. These are the com
ponents most l ikely to need fair ly regular 
attent ion and it is an obvious advantage 
to have them clustered together. 

On the morning of 9 February, Professor 
R.R. Wilson, Director of the National 
Accelerator Laboratory at Weston, Illinois, 
USA, was at CERN to discuss the American 
200-400 GeV accelerator project with 
ECFA (the European Committee for Future 
Accelerators). In the afternoon, he gave a 
talk to a packed Main Auditorium on the 
design of the Weston machine. 
This article is based on Professor Wilson's 
talk. For the sake of completeness, it 
repeats much of the information given in 
October of last year after the Cambridge 
Accelerator Conference (CERN COURIER 
vol. 7, page 199). 

It is at this busy point that the Labo
ratory bui ld ings wi l l be centred. It wou ld 
almost be cor rect to say 'the Laboratory 
bu i ld ing ' , s ince there wi l l be a 'h igh-r ise ' 
bui ld ing of perhaps twenty f loors to 
provide the of f ices and laborator ies for the 
big major i ty of the eventual 2000 staff. 
Wi lson is determined to make Weston an 
attract ive site. He hopes that this centra l 
tower can be beauti ful ly designed and that 
it wi l l be possib le to avoid the usual sprawl 
of bui ld ings. In the basement of the tower 
wi l l be the machine contro l rooms wi th in 



Figure 2: A diagram of the end of one of the 
bending magnets. Note the 'window frame' 
construction with the vacuum vessel passing 
through the centre of the magnet, and the three 
jacks for the magnet alignment. 

Figure 3: A photograph of the model of the ring 
building with the magnet set close to the wall. 
The configuration and positioning of the magnet 
coil can be seen clearly on this photograph. 
(All the illustrations for this article are by 
courtesy of the National Accelerator Laboratory, 
Weston.) 

easy walking distance (and short cable 
distance) of the main machine components. 

Another feature of the site may be a 
lake dug out in the centre of the ring, with 
an island around a clump of trees, where 
a conference centre could be built. 

Main ring 

The main ring is 2 km in diameter and the 
magnet structure is 'separated-function'. 
This means that the jobs of bending the 
protons round their orbit and of keeping 
the beam focused are done by different 
magnets. One set does the bending, another 
set (quadrupoles) does the focusing. 

The ring is packed with magnet so that 
to achieve an energy of 200 GeV a field of 
only 9 kG will be needed in the bending 
magnets. (The corresponding gradient in 
the quadrupoles is 175 kG/m.) To take the 
energy to 400 GeV will then require more 
magnet power supply (together with more 
r.f. accelerating power and more cooling) 
to achieve a field of 18 kG. Beyond this, 
the magnet designers are confident of 
climbing to 21 kG while still retaining good 
field and hope to be able to push it as 
high as 22.5 kG, equivalent to an energy 
of 500 GeV. 

A drawing of the end of a bending 
magnet can be seen in Figure 2. They are 
' H \ or 'window-frame' magnets with the 
vacuum tube running through the centre 
and they will be constructed in such a way 
that they remain light and compact. This 
involves positioning the copper coils which 
power the magnets on the 'median plane' 
(the same horizontal plane as that on which 
the beam travels) which is traditionally 
avoided in constructing accelerator magnets 
to avoid the radiation problems arising if 
lost protons plough into the copper of the 
coils. It has been accepted in the Weston 
design because — one, they plan not to 
lose many protons (see the paragraphs on 
Ejection below) ; two, sophisticated beam 
stops will be placed in the straight-sections 
to absorb stray protons aiming for the 
coils; three, it is hoped to use ceramic and 
no epoxy resins in insulating the coils. 

Each bending magnet will be built as a 
unit 6.3 m long welded on the outside, 
with the welded frame forming the only 
support. No nuts and bolts are around and 
any faulty magnet would be taken out and 

Figure 3 
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Beam Dump 

This Area Includes Approx. 
70,000 Sq. Ft. of 
Experimental Buildings 

Beam Extraction Station 
(Long Straight Section A) 

Internal-Target 
Experimental Building 

Figure 4 

Proton Beam from 
large Storage Ring 

16,000-ft potential 
External Proton Beam 

Figure 4: The ejected proton beam and its 
branches to feed experiments. 

Figure 5: Projected future developments of the 
Weston site showing some possible layouts of 
a by-pass and storage rings which could be 
added at a later date. 

Figure 5 

another s loted in, by remote handl ing 
equipment if necessary. The magnets sit 
on a three jack system (see Figure 2 again) 
wh ich can manoeuvre the magnets in any 
d i rec t ion. A l ignment wi l l be done by means 
of wires strung f rom quadrupole to quadru
pole, a d is tance of about 60 m, wi th e lec
t r ic p ick-up to indicate posi t ion. It wi l l be 
possib le to 'send a machine round ' to 
adjust the jacks accord ingly . There wi l l be 
no foundat ions for the ring bui ld ing and 
any real ignment fo l lowing sett l ing of the 
ground wi l l be dealt wi th via the jack 
system. A l ignment is not cons idered a 
ser ious prob lem, as perhaps can be rea
l ized f rom the proposal to dig a lake in the 
midd le of the r ing ! 

There are six long straight-sect ions (54 
m) and six medium straight-sect ions (29 m) 
wi th 'mini -st ra ights ' dotted around in the 
latt ice. The latt ice reads — quadrupo le 
focus ing magnet, set of four bending 
magnets, mini-straight, quadrupole de-
focus ing magnet, set of four bending 
magnets, mini-straight, quadrupole focus
ing magnet. 

The vacuum vessel aperture is 5 X 10 
cm and 3.8 X12.5 cm fo l lowing the beam 
contour d ic tated by the focusing magnets. 
The pressure wi l l be 10~8 to 10~7 torr. 

The magnets wi l l probably be powered 
di rect ly f rom the electr ic i ty gr id , d ispensing 
wi th rotat ing machinery and the magnet 
cyc le for the 200 GeV is — 0.8 s f i l l ing t ime 
(at about 500 G), 1.6 s rise t ime, 0 to 1 s 
f lat top, 0.6 s fal l t ime. With an intensity 
per pulse of 5 X 10 1 3 , this gives an average 
intensity of about 1.5 x 10 1 3 protons/s. 

To complete the story of the main r ing, 
Figure 3 shows a model of a sect ion of the 
r ing bui ld ing wh ich has been const ructed 
at Oak Brook. The ring wi l l be excavated, 
and not tunnel led, and the bui ld ing con 
st ructed of prefabr icated concrete. By 
pushing the magnet c lose to one wa l l , a 
comparat ive ly modest bui ld ing (about 3 m 
diameter) has been made to look spacious. 
The inside area wi l l be kept free, 'so that 
we can dr ive a jeep round if necessary' . 
It has been dec ided to have no train or 
overhead crane around most of the r ing. 
There wi l l however be cranes in the 
straight sect ions where the bui ld ing wi l l be 
wider. This also gives people somewhere 
to run to when the jeep is coming round ! 
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Professor R. R. Wilson, Director of the National 
Accelerator Laboratory, giving his talk on the 
design of the Weston accelerator at CERN 
on 9 February. 

Injection 

In ject ion into the main ring wi l l be via a 
200 MeV l inear accelerator and a 10 GeV 
booster. The l inac wi l l be vir tual ly a 
straight copy of the one being bui l t as part 
of the improvements programme on the 
Brookhaven synchrot ron. The booster is 
fast -cyc l ing, 15 Hz, wi th a radius of 75 m. 
(A s low-cyc l ing booster is not yet ruled 
out, however, if a good design can be 
developed.) The main ring wi l l be f i l led 
wi th 13 pulses f rom the booster wh ich just 
about f i l ls the c i rcumference in one turn. 
For future 400 GeV operat ion, two-turn 
in ject ion wou ld be used wh ich wou ld 
increase the f i l l ing t ime but sti l l give, 
despi te the lower overal l repet i t ion rate, 
about the same intensity per second. 

The booster wi l l be a combined- funct ion 
machine. At tempts to push a separated-
funct ion design on the booster, to br ing it 
into line wi th the main r ing, were re jected 
because of higher cost. Wi lson summed up 
the si tuat ion as fo l lows, 'If you only need a 
low peak f ie ld in the magnets comb ined-
funct ion wi l l probably win , but if, w i th a 
f ixed radius, you want to get maximum 
energy ( involving the highest f ie ld possible) 
separated-funct ion wins because you can 
push the magnets to saturat ion whi le 
retaining good f ie ld across the magnet 
aperture ' . The conf igurat ion of the poles in 
combined- funct ion magnets makes them 
run into saturat ion problems faster. 

Nevertheless, pursuing the mass produc
t ion approach, the magnets, vacuum 
chamber, tunnel etc... wi l l be vir tual ly the 
same size as in the main r ing. 

Ejection 

Here we come to another cruc ia l aspect of 
the Weston design. It has been dec ided to 
concentrate init ial ly on just one e jected 
proton beam and to aim for an e ject ion 
ef f ic iency of 99 %. For s low-e ject ion, this 
seems a very high f igure. CERN has 
recently pushed s low-eject ion ef f ic iency at 
the PS up to 80 %. Brookhaven, wi th a 
newly instal led system on the AGS, are 
current ly test ing wi th the hope of reaching 
90 %. However, at Weston, they are bu i ld 
ing the system into the machine rather than 
adding it later, and many of the design 
decis ions (such as the cho ice of a larger 
vacuum vessel aperture than wou ld other-
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wise be necessary) have been taken wi th 
an eye to high e ject ion eff ic iency. Wi lson 
also maintains that, especial ly if they are 
not successful in achieving 9 9 % eff ic iency, 
it is better to concentrate the radiat ion 
problems which wi l l then arise, in one 
area of the machine. 

As can be seen f rom Figure 4, beams 
wi l l be drawn off to the r ight of the 
e jected beam-l ine. The use of beam
spl i t ters and target stat ions w i l l , of course, 
a l low many exper iments in di f ferent ex
per imental areas to be fed at the same 
t ime. On the left of the beam-l ine wi l l be a 
road, services and service bui ld ings. No 
def ini te plans for exper imental area lay
outs have been dec ided as yet but the 
schemat ic representat ion in Figure 4 has 
an exper imental hall of a lmost 7 000 m 2 . 
The exper imental halls wi l l be at g round 
level. 

The e jected beam-l ine wi l l be t reated 
as part of the machine, using, as far as 
possible, the same tunnel size and the 
same magnets as in the main r ing. By this 
mass-product ion approach, Wi lson expects 
to have his magnets buil t in nine months. 

As can be seen on Figure 1, some prov i 
s ion is being made for exper iments wh ich 
want to draw their beams f rom an internal 
target, but it is intended to keep use of 
this faci l i ty to a min imum, again to avoid 
radiat ion problems. It is f rom the straight-
sect ion where the internal target wi l l sit, 
that a second e jected proton beam cou ld 
be taken at some future date. The very f irst 
exper iments wi l l probably use the internal 
target at low intensity. 

Figure 5 shows the result of some specu
lat ion about future developments at the 

site. It inc ludes a by-pass, a low energy 
storage r ing, a ful l energy storage ring and 
other posi t ions for e jected beam lines. At 
this stage, there is l i t t le point in saying 
more about these developments, other than 
that they cou ld be accommodated by the 
exist ing site and by the present design. 

Professor Wi lson conc luded with some 
remarks on cost and t imescale. Compar i 
sons have been made between the Euro
pean 300 GeV pro ject and the Weston 
pro ject wh ich do not take into account the 
as to what costs really cover and what 
di f ferent def in i t ions in the two cases 
complet ion dates really mean. For the two 
machines and their associated equipment 
to reach the same capabi l i ty for exper i 
ments wi l l costs about the same amount of 
money and involve about the same amount 
of t ime. 

They plan at Weston to produce their 
f i rst ful l energy beam by 1 July 1972. From 
then on, physics can begin at the machine, 
init ial ly on a smal l scale. Professor Wi lson 
is however encounter ing delaying tact ics 
f rom his Deputy Director, E. Goldwasser, 
who is on record as cons ider ing that f irst 
operat ion should be held back unti l 4 July. 

34 



European Physical Society 

On 30 January, forty physicists 

representing most countries in Europe and 

aii fields of modern physics, met at the 

Battelle Institute in Geneva under the 

Chairmanship of Dr. H. Thiemann. CERN 

was represented by Professor P. Preiswerk 

and Professor J. Prentki. Their purpose 

was to continue the work to set up a 

European Physical Society. 

Preparation of the constitution of the 

Society is almost complete and it is hoped 

that only one more meeting of the 

'Steering Committee', which will be held 

in Prague, will be necessary before the 

first General Assembly of the Society can 

meet in Florence in the Autumn of this 

year. 

This article consists of extracts from a talk 

given by Professor G. Bernardini at the 

Ecole de Physique, Université de Genève 

on 29 January. The title of this talk was 

'First steps towards the creation of a 

European Physical Society'. 

Professor Bernardini, from the Scuola 

Normale Superiore at Pisa, has played a 

leading role in preparing the ground for a 

European Physical Society. He initiated 

a meeting at Pisa on 'European 

Collaboration in Physics' where the idea 

of a European Physical Society was first 

seriously discussed. As a former President 

of the Italian Physical Society and 

Managing Director of the Journal 

'II Nuovo Cimento', he has first-hand 

knowledge of the value and the difficulties 

of Physical Societies. 

Professor Bernardini is well known at 

CERN. He was appointed Director of 

Research in 1956 to take charge of the 

planning of the first experiments at the 

600 MeV synchro-cyclotron and continued 

to guide the research programmes until 

he returned to University in 1963. He 

remains directly involved in CERN affairs 

as a member of the Scientific Policy 

Committee. 

National Physical Societ ies exist in many 

European countr ies and some of them are 

very act ive and effect ive. Also, some of 

the most glor ious European Academies 

maintain their leading posi t ions in respect 

to the growth of sc ience and its increasing 

inf luence on economic, socia l and pol i t ical 

l ife. 

However, for several reasons, varying 

f rom one country to another, the exist ing 

bodies show a great var iety in their 

pecul iar features and in the inf luence they 

exert on the present status and foreseeable 

future of physics. Some of them are mainly 

associat ions of physics teachers, par t icu

larly concerned about the almost insoluble 

problem of how to teach physics quick ly, 

extensively and wel l ; others, a iming to 

defend the cul tural value of sc ience, 

organize debates, meetings and lectures ; 

st i l l others, act ing more speci f ica l ly as 

Physical Societ ies and often with thousands 

of members, extend their act iv i t ies to the 

product ion of Bullet ins and the organ i 

zation of international conferences and 

schools. Some of these Societ ies, besides 

issuing publ icat ions concern ing the life of 

the associat ion, act also as edi tors of one 

or other of the many European journals of 

physics. Of course, the journals publ ished 

by Physical Societ ies, try to deal wi th all 

branches of physics equivalent ly. 

At the same t ime, scient i f ic research and 

the number of people interested and work

ing in physics is growing. This makes more 

and more di f f icul t the a l locat ion of l imited 

resources and qual i f ied manpower, among 

an increasing number of special izat ions. 

As a consequence of special izat ion and of 

the new rise of cul tural unity in Europe 

the national l imits have been happi ly sur

passed in several f ields and some very 

effect ive and powerful organizat ions have 

been establ ished on the broad basis of a 

European col laborat ion. 

This has happened in space research 

nuclear physics, high-energy physics, and 

so on. For instance, I feel that CERN can 

be considered one of the best examples ; 

one in wh ich the necessary budgets of 

hundreds of mil l ions of f rancs are automa

t ical ly bound to the governmental support 

of all the Member States. Another good 

example, where the budgets are in 

thousands and not in mi l l ions of f rancs, is 

a free associat ion born f rom the init iat ive 

and good wi l l of a few scient ists — the 

'Groupement Ampère ' . Created around 

1952, it now involves more than 500 phys i 

cists interested in e lect romagnet ic waves, 

opt ics and e lect rodynamics. 

However, if one looks at the progress 

made in the last decade, not all o rgan i 

zat ions have been as successful as CERN 

on one side or the Groupement Ampère on 

the other. Not all give the impression of a 

wel l -or ientated scient i f ic communi ty mak

ing the best use, for the benefit of Europe 

and all mank ind, of an undeniably great 

intr insic potent ia l . The impression is 

dif ferent. It is that of some general con 

fusion wh ich s lows down the scient i f ic and 

technica l evolut ion so badly needed on 

our cont inent in the race for pr imacy in the 

c iv i l ized wor ld . 

This confus ion or iginates part ly f rom our 

histor ical inher i tance ; part ly f rom major 

economica l and pol i t ical facts wi th wh ich , 

at present, European scient ists have, and 

probably should have, very l itt le to do ; but 

mainly, at least in my opin ion, f rom una

voidable conf l ic ts between controvers ia l 

v iews and interests wi th wh ich , on the con

trary, European physicists have a lot to 

do. This confus ion is negative in al l 

respects — not only for a ba lanced 

development of modern physics, not only 

for the rise of those cul tural values wh ich 

are the noblest aspects of our history, but 

also for the present, urgent problems that 

Europe has to solve in order to become in 

a possibly remote, but certain future, a 

s ingle highly c iv i l ized nat ion. 

Of the forty people meeting in Geneva 

about half are the voluntary members of 

a Steer ing Commit tee for the promot ion of 

a new associat ion — the European Physi

cal Society. The others represent a lmost 

all European national Societ ies and Aca

demies who have kindly accepted the 

invitat ion of the Steering Commit tee to 

at tend a d iscussion upon what may be done 

to establ ish a European Physical Society 

in the near future and if so, accord ing to 

what pr inc ip les and rules. 

The movement to create a European 

Physical Society, started in Bologna in 

November 1965 dur ing the Annual Con

ference of the Italian Physical Society. 

During this conference, tak ing advantage 

of the presence of a number of very 

d is t inguished European scient ists repre-
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Professor Bernardini, photographed while working 

at CERN, where he led the planning of the 

experimental programme during the first years of 

operation of the two accelerators. 

sent ing most of the modern lines of 

research, the idea of a European Physical 

Society was openly d iscussed around the 

tables of a dinner-party. This happened 

part icular ly in connect ion wi th the future 

of 'II Nuovo Cimento ' and other European 

journals, and also wi th reference to the 

idea to bui ld a 'super-CERN' for a new 

proton accelerator in the range of hundreds 

of GeV. These and other quest ions, at that 

t ime as now rather controversia l and not 

equal ly we lcome to the new generat ion of 

European physic ists, were d iscussed in 

Bologna. 

This d iscussion created the strong 

feel ing that such a Society cou ld be the 

ideal forum where problems of this k ind 

cou ld be examined and evaluated in the 

most object ive and sensible manner. So at 

the end of the dinner, it was dec ided to 

have a new meet ing wi th a larger number 

of par t ic ipants to examine in more detai l 

and in concrete terms the proposed inst i tu

t ion of this new associat ion. 

A meet ing was held in Pisa at the Scuola 

Normale Super iore, sponsored by the 

President of the Italian Republ ic and 

organized by the Scuola and the Societa 

Ital iana di Fisica. The agenda inc luded a 

few speci f ic points such as the si tuat ion 

of the European journals, and co-operat ion 

around the high-energy Laborator ies. But, 

as had been foreseen, the main point was, 

'Should a European Physical Society be 

created in the next few years ?' The 

d iscussion, ini t iated part icular ly by a 

speech of Professor S.R. De Groot, was 

extremely l ively and the c lash of ideas 

qui te evident. However, the 100 physic ists 

f rom all parts of Europe unanimously 

approved the fo l lowing resolut ion at the 

end of the Meet ing : 

'The Meet ing was strongly of the op in ion 

that steps should be taken to found a 

European Physical Society. 

Its funct ion would be : 

a) to provide a forum for the d iscussion 

of subjects of common interest to al l 

European physicists, and 

b) to provide means whereby act ion can 

be taken on those matters wh ich cannot 

convenient ly be handled by national 

bodies... ' 

The resolut ion recommended approach

ing the exist ing European bodies and 

the immediate const i tut ion of a 'Work

ing group for further act ion ' . This is the 

Steer ing Commit tee to whose activi ty is 

due all the progress s ince then. They 

organized a meet ing at CERN on 25 No

vember 1966 under the chai rmanship of 

Professor B. Gregory, Director-General of 

CERN ; a second meet ing in May 1967 

at The Institute of Physics and the Physical 

Society in London under the chai rmanship 

of Sir James Taylor, President of the In

st i tute, and a th i rd meet ing at the Battel le 

Institute, under the chai rmanship of Pro

fessor H. Th iemann. 

The CERN Meet ing was the f irst contact 

of the Steer ing Commit tee wi th some Presi

dents and Secretar ies of nat ional So

ciet ies. The possible structure of a 

European Physical Society was d iscussed 

on the basis of a paper presented by 

Professor Béné, President of the Grou

pement Ampère. This paper, remarkable 

for its clari ty, completeness and object iv i ty 

had a determining role on the suggest ions 

and conc lus ions formulated by the two 

work ing groups at the CERN meet ing. They 

concentra ted on def in ing the f ields of 

act iv i ty of a European Society and on the 

min imum condi t ions required to make it a 

l iv ing body. Al ready at this meet ing the 

discussions, wh ich were taken up in a 

wider forum and wi th renewed vivacity at 

the London meet ing, were focused upon 

two possible types of organizat ion — a 

complete ly new Society based on indiv idual 

membership or a federat ion of the exist ing 

national bodies. 

In London, two papers beside that of 

Béné lead the debates — one by Professor 

Ch. Peyrou, the other prepared by the 

Société f rançaise de Physique. This Society 

was present for the f irst t ime but s ince 

then it has made a substant ial contr ibut ion 

to the movement towards a European Phy

sical Society. The structure now proposed 

is a wel l -ba lanced compromise between 

the two extremes. It is a synthesis made in 

London, by a work ing group led by 

Professor Abragam, President of the 

French Physical Society, of the propos i 

t ions presented by Béné, Peyrou and the 

French Society. 

The compromise ensures that a future 

European Physical Society cannot have any 

negative inf luence on the national Societ ies. 

On the contrary, its effect ivness wi l l 

depend on co-operat ion wi th the national, 

CERNIPI 5596 
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NUCLEAR ENTERPRISES - LABEN - SIMTEC - LECROY- C.S. ITALIA -
20th CENTURY ELECTRONICS Ltd - JOHNSTON LABORATORIES Inc. 

NUCLEAR ENTERPRISES Europe's largest company in the Radiation Detection and Measuring Field with the widest range of specialised products 
available from any source. The organisation now incorporates companies formely known as Isotope Developments Ltd. and the Nucleonics Division of 
EMI Electronics Ltd. Nuclear Enterprises is often asked to recommend and supply equipment for complete laboratories at Research Centres, 
Universities, Technical Colleges, Hospitals and in Industry. A meeting could be held at your-office at a few days' notice and we shall arrange for you 
to visit NE laboratories in the South of England and at Edinburgh for further discussions with specialist staff and to see the equipment we recom
mend. Ask to be put the Nuclear Enterprises mailing list. NE is now the world leader in the Li Ge detector f ie ld. 

LABEN The name is synonimous with KICKSORTERS - the fastest, most stable, linear and reliable available. Ask for a trial installation if you are 
seriously interested and we shall gladly match LABEN equipment against any others. If you prefer to visit the laboratories in Milan for discussions 
and to see the equipment or to contact some of the people who have already conducted extensive equipment surveys before buying LABEN, this can 
be arranged. Don't make the error of buying a computer in the belief that it is less expensive init ial ly, to run or expand: None of these things 
are true if you compare the costs on the basis of a really versatile 4096 channel KICKSORTER with a good specif icat ion. 

SIMTEC The best known name for si l icon semiconductor detectors. Send us details of any experiment for which you are considering semiconductor 
detectors and we shall be glad to help in every way we can. Specials are a speciality with SIMTEC - Deliveries from stock. 

LECROY First in the fast electronics f ield with NIM - AEC Modules, DC coupling, deadtimeless operation, continuously variable output duration, 
freedom from multiple pulsing, complementary logic, high fan-out, + 100V input protection and separate fast input inhibits. The range comprises 
more than 50 units deliveries from stock. The fol lowing new units were seen for the first time at the APS Show in Chicago (Jan.29 - IstFeb.). Let 
us know if they are of interest to you. Model 140G - 6 channel Gated Coincidence Latch; Model 170 6 channel Gated Coincidence Latch with fast 
logic output: Model 143B Gated Digitizer; Model 143D Dual Four Decade Logarithmic ADC; Model 157 Scaler and Spark Chamber to Computer 
Interface. A new catalogue and price schedule are in the course of preparation: Please send us information about your experimental requirements 
so that LECROY can take them into consideration when designing new units. 

C.S. ITALIA Europe's FIRST manufacturer in precision gold plated printed circuits. Please send drawings and/or masters directly to: C.S. ITALIA, 
48, Via Saorgio, 10147 TORINO, for quotation and mention this HENESA advertisment. 

20th CENTURY ELECTRONICS LTD Design and manufacture a wide range of special Radiation Detectors and Vacuum Measuring equipment, Electron 
Tubes and Components, Metal/Ceramic Seals, Image Intensifiers and Converters, Fissile Coated Foils and Stable Isotopes, complete range of Mass 
Spectrometer Leak Detectors, one automated version wi l l ' look at' any small sealed objects at the rate of 10.000/Hour. 20th C. have just introduced 
a new equipment news service cal led: 'CENTRONIC PREVIEW to give details of their new developments. The first deals with HELIUM 3 Counters 
and highlights the advantages of these Counters over BF3 Counters. Sensitivity is approx. 5 times better and they can be operated up to 200°C. Ask 
to be put on the 20th Century mailing list. 

JOHNSTON LABORATORIES INC Highly sensitive mesh multipliers, preamplif iers etc... for mass spectrometry and special gas analyses equipment for 
the fortunate few with a large budget. 

Managing Director 
Ronald S. Stiff. Ask for 
me on LABEN Stand 63 
at Numelec Stand 109 at 
Toulouse March 4-9 and 
at Physics Exhibit ion, 
London, Nuclear Enter
prises Stands 84' 85 
March 11-14. 

Societ ies and on a sensible shar ing of 
tasks, init iatives and responsibi l i t ies. Its 
members may be associated to it d i rect ly 
and individual ly, or through their associa
t ion to the national Societ ies. 

Other relevant decis ions and init iat ives 
at the London Meet ing, wh ich were further 
e laborated by the Steer ing Commit tee were 
as fo l lows : 

First, the residence of the Steer ing 
Commit tee was f ixed in Geneva at the 
Institute of Physics wi th a branch-of f ice 
in London under Dr. Cohen (Secretary 
of the Institute of Physics and the Phy
sical Society) ; 
Second, a bank account was opened 
to give the Society a pract ica l start and 
contr ibut ions have been received f rom 
the Italian Physical Society, Professor 
Weisskopf, the Weizmann Institute, the 
Swiss Physical Society and CERN ; 
Th i rd , the proposed off ic ial language of 
the Society was chosen as English ; 
Fourth, the Steer ing Commit tee was 
asked to prepare a const i tut ion for the 
Society — its rules; its of f ic ia l res idence; 
the structure of the governing bodies ; 
the tasks assigned to the secretar iat and 
the f irst budgets. 

It is hoped that a f inal d iscussion and 
approbat ion can take p lace in Prague next 
May. This is intended to be the last meet ing 
of the Steering Commit tee, where it is 
hoped to announce of f ic ia l ly the const i tu
t ion of the European Physical Society. 

Then in Florence at the end of September 
or early October, the f irst General Assem
bly of the Society cou ld take p lace. This 
may consist of one day devoted to an 
Inaugural Ceremony of the Society, to 
plenary discussions of its act iv i t ies for the 
subsequent two years, and to the ap
pointment of the people to govern the 
Society dur ing this two-year per iod. Two 
other days could be devoted to an up-to-
date presentat ion of the most relevant 
achievements in several f ie lds of physics, 
point ing out in part icular the contr ibut ion 
of European physicists. It has been pro
posed that a few outstanding scient ists 
cou ld be invited to prepare review talks of 
general interest. To make complete and 
interest ing surveys possible, s imi lar to the 
procedure fo l lowed at the Solvay Confer
ence though on a smal ler scale, one day 
wou ld be spent in open d iscussion of the 
papers prepared by the lecturers. People 
who are actively work ing in the part icular 
f ie ld to wh ich the lectures refer, wou ld be 
invited to these discussions. 

To conc lude, I wou ld l ike to make a short 
review of the motivat ion for the inst i tut ion 
of the European Physical Society. It may 
be, considered useful for the fo l lowing 
tasks : 
1) the coord inat ion of meet ings and con 

ferences, part icular ly in those f ie lds 
where the number of interested people 
in each European nat ion is not very 
relevant 

2) the coord inat ion, init ial ly, and then the 
edi tor ia l responsibi l i ty for European 
physical journals. It seems very de
si rable to have one day, one European 
journa l for h igh-energy physics, one for 
nuclear physics, one for p lasma physics, 
one for so l id state physics, one for 
cosmology and so on. 
The Society may provide the boards of 
edi tors and a wel l balanced panel of 
referees to achieve an even, high stan
dard in all publ ished papers. 

3) the coord inat ion and in some cases, if 
necessary, the regular publ icat ion of 
review art ic les to reduce the dangers 
of specia l izat ion 

4) the publ icat ion of a regular bul let in giv
ing informat ion concern ing the nat ional 
society act iv i t ies, an agenda of confer
ences, news of major pro jects, etc... 

5) the organizat ion and contro l of the many 
so-cal led 'Summer Schools ' whose 
prol i ferat ion it is quite urgent to l imit 

6) the exchange of exper ience and infor
mat ion on problems related to teaching 
physics at al l levels 

7) the preparat ion of plans for the ex
change of students and young physic ists 
between Laborator ies and Inst i tut ions. 

These are the more obvious tasks at pre
sent. It wou ld not be sensible to try to say 
more at this stage. We hope that the Euro
pean Physical Society wi l l very soon be 
born but we cannot expect to see it in ful l 
f l ight immediate ly after. 
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THE INNOVATOR LINE 

FAST LOGIC... 
logically designed 
When we first introduced the LRS Innovator Line 
a few years back, it was a new and untried design. 
It incorporated many firsts. Deadtimeless opera
tion. Full-system direct coupling. Continuously 
variable output duration. Well-protected inputs. 
High fanout N o multiple pulsing. . . . We incor
porated new features we felt were important. • 
Experimenters must have thought so, too. They 
tested the new instruments. They did experiments 
with them. They suggested further refinements. 
• We listened. We made changes. We kept on 
making improvements that were important to the 
experimenter. And we're still listening. • The re
sult is the newest generation of LRS fast logic — 
our new 160 Series Discriminators and Logic Mod
ules. All still logically designed — by experiment. 



Eimac 250 kW Tetrode 4 CV 250.000 C 
Betriebsdaten (Leistungsendstufe 
bis 30 MHz, anodenmodul ier t ) 

varian 

Eimac 250 kW Tetrode 
fur GroBsender der Zukunft. 
DerWel t groBte Leistungstetrode 
ist unsere 4CV 250.000 C, 
der groBe Bruder der bekannten 
4 CV 100.000 C. 
Hohe Verstàrkung und 
iange Lebensdauer 
zeichnen beide 
siedegekuhlten Rohren aus. 

Interessieren Sie Einzelheiten ? Schreiben Sie an 
Varian AG, Baarerstrasse 77, 6300 Zug, Switzer land, Tel . (042) 4 45 55 

U a 
14 kV 

Ug2 800 V 
Ug1 -800 V 
la 29 A 
Ig2 3,6 A 
>gi 1,8 A 
Ug1 hf = 1,2 kV 
NST 2,5 kW 
N a 

292 kW 
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the simplest solution ! 

S E N 3 0 0 C O U N T I N G E Q U I P E M E N T 
with integrated circuits 

100 M hz 
Unlimited applications t Up to 1000 channels • Scalers with visual display • Modular 
scalers • Automatic readout of the system: from the simplest printers to the most 

sophisticated output device 

SOCIÉTÉ D'ÉLECTRONIQUE NUCLÉAIRE - 31, AV. ERNEST-PICTET - 1211 GENEVA 13 - SWITZERLAND 
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borer 
SCALER 

If you 

to be 
certain 
of your 
scaler 
counting 
accuracy 
read on " 

COUNTING CONTENT 

LOOK 

RESET 

co mm 

CO OFF 

fill G A T E 

INPUT 

10 MHz 

T Y P E * Q 9 0 1 

The input-and gate-circuits of the new 
AEC-NIM-Module Scalers are designed to 
enable you to forget about pulse conditioning ! 
A useful two-lamp feature shows actual operation 
of each scaler. The 'counting' lamp flashes when 
the scaler accepts a pulse. The 'content' lamp 
indicates difference from zero. 
By pressing the 'look' button of any scaler the 
contents can be seen on a central display unit. 
A wide range of readout equipment is available. 
The scalers can be interfaced to fast on-line 
computers w i t h a readout speed as high 
as 3 2 x 1 0 6 bits/sec. 

Input characteristics Scaler Type 902 

1000 I 1000 

\ 
> 
E 

700 

500 1 > 
E 

700 

500 
> 1 

.h
o
ld

 

700 

500 

t±i% 
-C 

h- 0 0 
5 10 15 oo 0 10 20 30 

Pulse width nS Rep. rate MHz 

Many different types are available to meet 
your specific requirements. 
Counting speed of 10, 30 or 100 MHz 
with or without input discriminator 
gat ing faci l i t ies, c o i n c i d e n c e or an t i -co inc idence 

Please ask for full technical literature ! 

b®rer 
E L E C T R O N I C S 

-£0 
Swi tzer land: Heidenhubelstrasse 24, Solothurn 
Telephone 065/2 85 45 

Great Br i ta in: 36 East Street, Shoreham-by-Sea, Sussex 
Telephone 4305 

Germany: Verkaufsbûro Munchen, Kaiserstrasse 10, D-8000 Miinchen 23 
Telephone 34 80 16 

France: Sorelia Electronique, 150 rue de Chatou, 92 Colombes 
Telephone 782.16.39-782.32.79 
I ta ly: Boris G. F. Nardi, Via Capranica 16, Milano 
Telephone 2362924-2361394 
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CL 

G) 

Agents & distributors 

Natural and 
synthetic rubber 

Plastic materials 

Power transmission 
elements 

Sealing specialists 
(GACO) 

GENEVA ZURICH MILANO 

/ j - # °h 
Wo CERN I 

Stores Service, 
CERN 

The Surplus Stock and Salvage sect ion has a large 

select ion of new and used electronic and electr ical 

spare-parts, also used electronic components in 

good condi t ion. 

Those interested should contact the Head of Stores 

Service for further informat ion at the fo l lowing 

address: 

CERN - 1211 Geneva 23. 

REED RELAYS Series ERID 

— Length 40 mm 

— Executions for printed 
circuits 

— 1 to 6 normally open or 
changeover contacts 

— Miniatur reed switches 

— High sensitivity 

Series ARID 

— Length 82 mm 

— Executions for printed 
circuits 

— 1 to 6 normally open or 
changeover contacts 

— Standard reed switches 

— High sensitivity 

MICRO SWITCH RELAYS 

Series REL 20 

— Dimensions 
20 X 20 X 24 mm 

— Relays for AC or DC 

— 2 snap-action 
changeover contacts 

— Various connection 
systems 

KNIFE EDGE RELAYS 

Series REL 60 

— Low and high current 
contacts 

— Different contact 
materials 

— Number and types of 
contacts on 
requirement 

— Plug-in types 
on request 

ERNI + Co. Elektro-lndustrie 
CH-8306 Brùttisellen-Zùrich 
Telephon 0 5 1 / 9 3 1 2 1 2 
Telex 53 6 9 9 

EERNI 
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c e r a m i c 
lead-through 
are i f f f r u - r u < * t f i f t t t tight 
and designed for frequent storings 
They can be used in the most varied ambient conditions : caesium vapour, 
hexafluoride, liquid helium, neutron bombardment. 
Exceptional reliability. 
Ceramic-inconel and ceramic-stainless steel seals are also CSF specialities. 
While making rack-mounting easier, this technique improves the resistance 
to corrosion. Voltage and current lead-through are used whenever a good 
vacuum is required (up to 50000 volts from 1 mA to 1000 A). 

OTHER PRODUCTS 
PROFESSIONAL AND INDUSTRIAL APPLICATIONS TRANSMITTING TUBES • " O " AND " M " CARCINO-
TRONS • " O " TYPE AND CROSSED FIELDS TRAVELLING WAVE TUBES • OSCILLATOR AND POWER 
KLYSTRON • MAGNETRONS • T-R CELLS • CATHODE-RAY AND STORAGE TUBES • MINIATRON • 
SUBNITRON • REPEATER TUBES • CERAMIC TUBES • NOISE GENERATORS • NEON INDICATORS • 
DISPLAY TUBES • ELECTROLUMINESCENCE • GAS LASERS • VACUUM OVENS • VACUUM SEALS. 

CSF - COMPAGNIE GÉNÉRALE DE TÉLÉGRAPHIE SANS FIL 
GROUPEMENT TUBES ELECTRONIQUES 

55, rue Gref fu lhe - 92 Leval lois-Perret - France 

Phone : 737-34-00 



How much can you put in a module? Four discriminators... four 
coincidence circuits.. .a tm% taurtft Mî® store. . . versatile output 
and control circuitry.,. almost a bin full of 200 MHz instrumentation 
is In t ie new C142/N liai DGB...to s u e you spice and money. 

QUAD DCB ^ç* 
MODEL C142 /N 

DISCCOINC-BUFFER 

w CLIP 

1 I IN 0 
THRESH (vj 

STROBE 
OFF 

C L I P ^ -

IN PUT A M P H — G A T E D 
N O T o 

GATED I N H I B I T / 
•O RESET 

INPUT 

How did we do it? We arranged nearly 600 
components in four complete data chan
nels, shown above. 

"Br idging" inputs to the discriminators are 
protected to ±200V overloads, and allow 
detector signals to be reused or conven
iently monitored. Each discriminator has a 
mult i turn threshold control, —100 mV to 
at least —500 mV, and each discriminator 
wi l l operate in excess of 200 MHz. The 
"biased ampli f ier" discriminators have no 
dead-time, and output signal width is equal 
to input wid th above threshold. The CLIP 
connector allows discriminator output 
signals to be clipped wi th a shorted stub, 
wi thout mult iple pulsing, to as short as 
2.0 nsec. 

The STROBE input accepts NIM-standard 
fast logic signals, and each of the four 

d i r e c t - c o u p l e d c o i n c i d e n c e c i rcu i t s is 
capable of 200 MHz operation. 
Each coincidence circuit drives a fast buffer 
store (tunnel diode flip-flop) which is reset 
and inhibited from the rear-panel interface 
connector. A rear-panel locking toggle 
switch allows the buffer store content to be 
read out upon computer command, or 
allows the buffer store content to read out 
directly at all times. The buffer store may be 
monitored from the front-panel test point. 
Independent positive and negative polarity 
outputs are provided at the interface con
nector and the read and inhibit/reset lines 
accept either positive or negative signals, 
to make the C142/N easy to interface to 
any computer or slow logic system. 
There's a lot more to be said about the 
C142/N . . . ask us. 

For detailed specifications, write or call: EG&G, Inc., Nuclear Instrumentation Div is ion 40 Congress Street, Salem, Massachusetts 01970. 
Tel : (617) 745-3200. Cables: EGGINC-SALEM. Field offices: Chicago, I l l inois; San Ramon, California; Alexandria, Virginia, 
Representatives in foreign countries. 


