


The cover photograph was taken at a small 
ceremony on 22 May when a new road was 
opened across the Franco-Swiss frontier 
inside the CERN site. 
For many months now, civil engineering work 
has been in progress on the French half of 
the CERN site where the intersecting storage 
rings are under construction. 
Communication between the two halves has, 
however, been via the main road running 
alongside the site, passing through the customs 
posts. 
There is now internal access between the two 
halves of the site and CERN can operate 
'across the frontier' in true manner. 
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A group of scient ists f rom the Laboratory 
for Nuclear Studies, at Novosibirsk in 
the Soviet ' Union, visi ted CERN for 
two weeks at the end of Apr i l . The party was 
led by the Director of the Laboratory, Dr. 
A. Budker. Whi le they were at CERN, news 
came that Dr. Budker, together wi th col le­
agues Sidorov, Naumov, Skr inski and 
Polasuk, had been awarded the Lenin prize 
— one of the highest awards in Russia — 
for their contr ibut ion to 'the study of the 
co l l id ing beams method for high energy 
physics research' . At Novosibirsk, they 
have already bui l t two electron storage 
rings — one to study the problems of beam 
storage and the other for exper iments. 
They are now engaged on a complex 
pro ject to provide col l id ing e lect ron-
posi tron beams at an energy of 3 to 5 GeV 
and col l id ing proton-ant iproton beams at 
an energy of 25 GeV. 

The News f rom abroad sect ion (page 88) 
reports two seminars given by Dr. Budker 
dur ing his stay and, in addi t ion, the visitors 
had many discussions with the scient ists and 
engineers involved in the large intersect ing 
storage rings pro ject at CERN. The part i ­
cular at tract ion of this visit, wh ich causes 

us to s ingle it out f rom the steady f low 
of visits to CERN, lay in the great fund of 
new and dar ing approaches to the pro­
blems posed by accelerator technology, 
wh ich have s temmed f rom this Novosibirsk 
team. 

The start ing point in the design of their 
equipment has often been 'what can we 
make in our own workshops ' and f rom 
there they have developed, by novel 
approaches, a most* intr icate scheme for 
high energy proton-ant iproton co l l id ing 
beams. The unconvent ional ideas involved 
include gas-jet ionizat ion to achieve injec­
t ion into minute iron-less synchrotrons, 
special magnets to give very short focal 
lengths at targets to y ie ld contro l lable, 
intense ant i -par t ic le beams, and (most 
imaginat ive of all) synchrot ron re-cycl ing 
and 'e lectron coo l ing ' for beam stacking. 
Al l of these features of the Novosibirsk 
pro ject are outs ide convent ional accele­
rator technology. 

Ideas f ly f rom this group l ike sparks 
f rom a gr ind ing whee l . A lmost certainly, 
not all of them are dest ined to create a 
f i re, but it has been a refreshing exper ience 
to encounter these unor thodox ideas. 
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CERN, the European Organizat ion for Nuclear Research, was establ ished in 1954 to 
provide for col laborat ion among European States in nuclear research of a pure 

scient i f ic and fundamental character, and in research essential ly related thereto' . It 
acts as a European centre and co-ordinator of research, theoret ical and exper imental , 
in the f ield of sub-nuclear physics. This branch of sc ience is concerned with the fun­
damental quest ions of the basic laws governing the st ructure of matter. CERN is one 
of the wor ld 's leading Laborator ies in this f ie ld. 

The exper imental programme is based mainly on the use of two proton accelerators 
— a 600 MeV synchro-cyclotron (SC) and a 28 GeV synchrot ron (PS). At the latter 
machine, large intersect ing storage rings (ISR), wh ich wi l l a l low exper iments wi th co l l id ­
ing proton beams to be carr ied out, are under const ruct ion. Scient ists f rom many 
European Universit ies and national Laborator ies as wel l as f rom CERN itself take part 
in the exper iments and it is est imated that some 700 physicists outside CERN are 
provided with their research material in this way. 

The Laboratory is situated at Meyrin, Canton of Geneva, Swi tzer land. The site covers 
approximately 200 acres about equal ly d iv ided on either side of the front ier between 
France and Switzer land. The staff totals about 2300 people and, in addi t ion, there are 
over 360 Fellows and Visit ing Scientists. 

There are thir teen member States part ic ipat ing in the work of CERN. The contr i ­
but ions to the cost of the basic programme, 172.4 mi l l ion Swiss f rancs in 1967, are in 
proport ion to their net national income. Supplementary programmes cover the con­
struct ion of the intersect ing storage rings and prel iminary studies on a proposed 
300 GeV proton synchrotron for Europe. 
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Start of neutrino 
experiments 
The first data-taking run in the new series 
of neutr ino exper iments took place in the 
week 8-16 Apr i l preceding the PS shut­
down. (The exper iments and the equipment 
involved are descr ibed in CERN COURIER 
vol . 6, page 211.) 90 000 photographs were 
taken in the CERN heavy l iquid bubble 
chamber. This was less than had been 
hoped for, due to the necessity to d ismant le 
the chamber to change the membrane 
wh ich transmits the pressure to the 
work ing f lu id . A crack developed in the 
membrane dur ing the run, perhaps due to 
the higher temperature at wh ich the 
chamber is operated when f i l led wi th 
propane. However, all the intr icate compo­
nents of the neutr ino beam-l ine worked 
successful ly and a number of neutr ino 
interact ions were photographed in good 
condi t ions for measurement. The f irst 
scanning of the f i lm has been completed 
and analysis of the data is in progress. 

The fast e jected proton beam, drawn 
f rom straight-sect ion 74 of the proton 
synchrot ron, was matched to the target by 
a pulsed beam transport system. A series 
of tests had been made before the run to 
select the most eff ic ient target conf igu­
ration for the product ion of the 'neutr ino 
parents' — pions and kaons. Targets of 
beryl l ium oxide, tungsten, sapphire, boron-
carb ide and copper were tested. 

The new magnetic horn and the two 
large ref lectors, wh ich serve to converge 
the neutr ino parents towards the detectors, 
worked throughout the neutrino run despi te 

A photograph taken in the synchrotron ring 
tunnel at the point (straight section, 74) 
where the fast ejected proton beam is taken 
out for the neutrino beam-line. The proton 
beam passes through the tunnel wall (top centre) 
and is directed onto a target, The positive 
pions and kaons produced in the high energy 
collisions are converged by magnetic lenses 
towards the heavy liquid bubble chamber. 
They decay after a very short time producing 
the required neutrino beam. 

prel iminary prob lems with the sol id-state 
power suppl ies wh ich supply a current of 
360 kA to the ref lectors. 

The elaborate arrangements to measure 
the spect rum of muons (produced at the 
same t ime as the neutr inos in the decay 
of the neutr ino parents) have shown that 
the sh ie ld ing had been careful ly packed 
so that its s topping power cor responded 
wi th the design value. Knowledge of the 
muon spect rum gives an addi t ional means 
to infer the neutr ino spectrum, wh ich is 
vital in any at tempt to measure the cross-
sect ions of neutr ino interact ions. 

The shie ld ing is th icker than is necessary 
for the bubble chamber exper iments s ince 
it has been adjusted to accommodate a 
spark chamber exper iment wh ich has more 
str ingent requirements for the el iminat ion 
of muons coming through the shie ld ing. 
The spark chambers, wh ich are set up in 
f ront of and behind the bubble chamber, 
recorded data wh ich wi l l test the conser­
vat ion law that in an interact ion a muon 
neutr ino always transforms to a negative 
muon. The spark chamber exper iment wi l l 
also at tempt to determine whether the 
cross-sect ion of the neutr ino interact ions 
depends upon the size of the nucleus in 
wh ich nucleons are bound. In strong 
interact ions in a nucleus, the rate of 
interact ions is dependent on the number 
of nucleons, because the force between 
the incoming part ic le and the target 
nucleon is inf luenced by the strong forces 
act ing between all the nucleons. For the 
neutr ino, wh ich is involved only wi th the 
weak forces, it is important to determine 
whether there is any effect on the inter­
act ion cross-sect ions on a nucleon due to 
the prox imi ty of other nucleons. 

About 2 0 % of the bubble chamber 
operat ing t ime was given to a test of the 
feasibi l i ty of an exper iment on inelast ic 
muon interact ions. By drain ing mercury 
f rom a pipe in the shie ld ing, muons cou ld 
p ierce the shie ld ing and be recorded in 
the chamber. These muon pictures have 
already been analysed and the exper i ­
menters are enthusiast ic about the results 
of their test. 

The next run for the neutr ino exper iments 
is scheduled to take place in July and 
this year 's exper iments wi l l be conc luded 
wi th a further run in September. 
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Below are two remarkable photographs 
taken in the neutrino beam-line. 

The one on the left shows the ejected 
proton beam emerging from the end of the 
vacuum pipe (on the right of the picture) 
and flying through the air towards the 
target. The narrow pencil of light is pro­
duced as the high energy protons raise 
the electrons of some of the air molecules 
in their path to higher energy states from 
which they return to lower energy states 
by emitting light. 

To record this photograph, the camera 
was left in the tunnel of the neutrino 
beam-line and, by remote control, a single 
frame of the film was exposed during 200 
synchrotron pulses. About 5 X 10u protons 
passed in front of the film per pulse at 
this position in the beam-line. This is one 
of the few photographs ever taken of a 
high energy proton beam in air. 

On the right, is a photograph of the 
light produced by the ejected proton beam 
in a Cherenkov counter. The camera is 
looking at a ground glass screen on the 
end of the counter, in a direction at right 
angles to the proton beam. The light has 
been reflected towards the camera by a 
thin aluminium foil placed in the beam at 
an angle of 45°. 

The counter was filled with argon gas 
under pressure. As the high energy proton 
beam passed through it caused light to be 
emitted at an angle to the direction of 
the proton beam which depended on the 
velocity of the protons and the pressure 
of the gas in the counter. (This is the 
operating principle of Cherenkov counters.) 
The foil intercepted this emerging cone 
of light and reflected a cross-section of 
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the cone — a ring of light — to the ground 
glass screen. 

Again, one frame of the film was used 
to record 200 pulses and during this time, 
the pressure of the gas in the counter was 
gradually increased so that the light 
emerged at wider angles, giving a succes­
sion of rings of increasing diameter on the 
ground glass screen. 

This Cherenkov light can be used to 
measure the intensity of the ejected proton 
beam by placing a photomultiplier over 
the end of the counter. This technique 
has been used to make relative intensity 
measurements and the system may be 
calibrated in a slow ejected proton beam 
to give absolute measurements. 

Foils coated with a fluorescent material, 
zinc sulphide, can also be left in position 
in the beam and the beam profile observed 
on the foil by a closed-circuit television 
camera. The zinc sulphide burns off rather 
quickly, however, if the foil is left per­
manently in the beam. Just before the 
target in the magnetic horn, there is a 
coated foil which can be flipped in the 
path of the beam by remote control. 

Another method, which has been used in 
the neutrino beam-line to observe the 
beam profile and also to measure the dis­
tribution of proton intensity over the cross-
section of the beam (which the zinc 
sulphide coated foil does not give) is to 
insert a mesh of aluminium wires, with 
wires aligned horizontally and vertically, 
in the path of the beam. The high energy 
protons induce radioactivity in the wires. 
The radioactivity induced in each wire, 
which is proportional to the number of 
protons incident on the wire, can be 
measured when the mesh is later with­
drawn. 

CERN - USSR 
discussions 
On 10 Apr i l , Professor B. Gregory, Mr. 
G. H. Hampton and Dr. O. Lock went to 
the Soviet Union to continue talks 
on the present and future col laborat ion 
between CERN angj the USSR in the f ield 
of sub-nuclear physics. In part icular, 
meetings were held with the State 
Committee for the Util ization of Atomic 
Energy (headed by the Chairman, Pro­
fessor A. Petrosyants) on scienti f ic and 
technical co-operat ion at the 70 GeV proton 
synchrotron nearing complet ion at Serpu­
khov. 

This visit fo l lowed the approval 
by the CERN Counci l , at the Session in 
December 1966, of the possibil i ty of col la­
boration and the authorizat ion, then given 
to the Director General to negotiate a 
Convention between CERN and the State 
Committee. The latest contacts were very 
fruitful and the two parties have come to 
a common opinion on the possibi l i ty of 
conclusion of the Convention. 

The CERN representatives also visited 
the Institute for Theoret ical and Experi­
mental Physics, the Lebedev Institute, 
Dubna, and Serpukhov itself. At Serpukhov, 
they had discussions with the Director of 
the Laboratory, Professor A. A. Logunov, 
and other senior staff. They were able to 
see the present state of progress in the 
construct ion of the 70 GeV machine, the 
highest energy accelerator in the wor ld . 
It is hoped to have the first high energy 
beams accelerated in the synchrotron 
before the end of the year. 
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Academic ian V.A. Kir i l l in, Chai rman of 
the State Comm-ittee of the USSR Counci l 
of Ministers of Science and Technology, 
pa id a brief visit to CERN on 8 Apr i l . He 
was we lcomed by the Director General . 

The robots are coming ? 
A remotely-contro l led manipulator has 
been instal led at the proton synchrot ron 
dur ing the shutdown. It wi l l be used for 
a series of tests on remote handl ing tech­
niques, wh ich are becoming increasingly 
important at accelerators. The pr inc ip le 
aim behind the use of such a manipulator 
is to carry out maintenance and modi f i ­
cat ion work in 'hot ' areas of the machine 
(where the radiat ion levels make it 
impossib le or very di f f icul t for personnel 
to work) . It cou ld also make it possib le to 
carry out some work on the machine whi le 
it is in operat ion, wi thout the necessity to 
shut the machine down to enter the magnet 
r ing tunnel . 

On the synchrotron at present, the hot 
areas are concentrated part icular ly at the 

regions where internal targets are instal led. 
A s igni f icant proport ion of the scat tered 
protons and the secondary part ic les pro­
duced in the high energy col l is ions in the 
targets do not emerge down the beam-
lines into the experimental halls, but hi t 
the wal ls of the vacuum chamber, the 
magnets etc. in the region of the target. 
Other hot areas are those around the 
magnets used in the eject ion systems. The 
ef f ic iency of the s low eject ion system, in 
part icular, is not yet very high and a 
considerable percentage of the accelerated 
proton beam is not e jected but is lost 
inside the magnet r ing. High levels of 
radioact iv i ty are produced in these regions, 
and when it is necessary to carry out 
work (such as changing a target) great 
care has to be taken to ensure that no one 
receives a radiat ion dose in excess of the 
maximum permissible. 

These problems have only recently 
developed to serious proport ions on the 
CERN PS but it is obvious that in the 
coming years, especial ly when the repe­
t i t ion rate and the intensity of the machine 
are increased in the course of the improve­

r s Emperor of Ethiopia, H.M. Haile Selassie, 
visited CERN on 9 May. The Emperor was 
accompanied by three of his children and 
grand-children and by the Ethiopian Ambassador 
to the Federal Republic of Germany. The 
visitors were welcomed by the Director General 
and by the Director of Administration, 
Mr. G.H. Hampton. This photograph was taken 
in the proton synchrotron control room during 
a tour of the site. Dr. K.H. Reich (on the left) 
is describing machine operation. Mr. Hampton 
is on the right. 

Other visitors in May included the AERIEL 
Foundation, UK, on 1 May; the Science 
Research Council, UK, on 18 May; and the 
Institut des Hautes Etudes de la Defense 
Nationale, France, on 19 May. 

Professor F. Hoyle from Cambridge University, 
UK, gave a colloquium on 'Nuclear reactions 
in a universal fireball', to a packed auditorium 
at CERN on 27 April. 

ments programme, special measures wi l l 
have to be taken to safeguard components 
and to ensure that servic ing in hot areas 
can be carr ied out. One approach, wh ich 
has been under study at CERN for several 
years, is to make a remotely-contro l led 
robot capab le of carry ing out work in 
these areas. The manipulator now instal led 
in the PS ring is the result of this study. 

The manipulator is suspended f rom a 
crane br idge wh ich can be moved around 
the synchrot ron ring on rails above the 
level of the magnets. Another, independent, 
br idge carr ies l ights and c losed-c i rcu i t 
te levis ion cameras to observe the work 
in progress. The actual observat ion and 
contro l is carr ied out f rom a contro l point 
100 m away at the centre of the magnet 
r ing. 

Three cameras are used; one observes 
a general v iew of the environment where 
the work is tak ing place, and two (capable 
of prov id ing two views at r ight-angles if 
necessary) observe the work in c lose-up 
deta i l . The posi t ion of each camera can 
be cont ro l led remotely (using motors to 
dr ive the cameras with four degrees of 
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The remotely controlled manipulator which was 
installed in the synchrotron ring during the 
machine shutdown. The operating arm (centre 
of photograph) is suspended from a crane bridge 
which can travel around the ring. 
The lights and television cameras used to 
observe the operation being performed can also 
be seen. 

The motor-alternator set of the new synchrotron 
power supply photographed at the factory 
before leaving for CERN. The set arrived at 
the site on 19 May. 

f reedom) and their posit ions are indicated 
back at the control point. 

The crane br idges can be moved into 
p lace over 40 m of the c i rcumference 
of the r ing. They move f rom place to p lace 
at speeds up to 0.5 m/s and are manoeuvred 
into their precise posi t ion at 4 mm/s. Five 
cables, each with 44 conductors, carry 
signals between the br idges and the con­
trol p o i n t The cables emerge f rom a f ixed 
point on the wal l of the magnet ring tunnel 
and specia l methods are used to w ind the 
cables in and out accord ing to the posi t ion 
of the br idges. 

Prior to instal lat ion at the PS, this 
prototype manipulator has carr ied out such 
tasks as changing a special target unit, 
locat ing vacuum leaks, and connect ing and 
d isconnect ing electr ical cables. 

The exper ience with this manipulator 
at the PS wi l l be a very useful gu ide to 
the techniques which need to be employed 
more and more at high energy acce­
lerators. 

A more detailed description, by W. Richter, 
M. Ellesplass and R. Home, can be found 
in 'Industries Atomiques' Nos. 1-2, 3-4, 1967. 

Colloquia 
Two co l loquia have been arranged for 
June : 
8 June: Dr. H. Coblans, previously 
head of the Library services at CERN who 
is now with ASLIB in London, wi l l ta lk 
about 'The computer, the informat ion pro­
blem and al l that ' . The co l loqu im wi l l 
cover the achievements and l imitat ions of 
mechanizat ion in documentat ion, automa­
t ic indexing and machine t ranslat ion, and 
the impl icat ions of the man-computer 
partnership in the handl ing of informat ion. 
22 June: Professor U. Schmidt-Rohr f rom 
the Max-Planck Institut at Heidelberg, wi l l 
ta lk about 'Nuclear structure studies wi th 
52 MeV deuterons' . 

(Photo Siemens) 
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Power supply arrives 
Another important stage in the programme 
of improvements for the 28 GeV proton 
synchrot ron was reached in May when 
some of the major components of the new 
main-magnet power supply were del ivered to 
the site. The base plate and the bear ings 
of the al ternator and motor arr ived on 
1 May and instal lat ion has already begun 
in the new power supply bu i ld ing. The 
motor-al ternator set arr ived on 19 May. 

Construct ion of this large new power 
supply began at the Siemens factor ies in 
Ber l in at the beginning of 1966. At the end 
of March 1967, CERN experts went to the 
factory to be present at a str ingent series 
of acceptance tests designed to ensure 
that the plant wou ld meet its spec i f icat ion. 

Some of the parameters of the new 
supply are as fo l lows — It consists of a 
1000 rev/min al ternator dr iven by a 6 MW 
asynchronous motor. The total we ight is 
about 216 t inc luding an 88 t rotor. The 
mean power is 46 MVA wi th peak power 
95 MVA. The current fed to the coi ls of the 
synchrot ron magnet is rect i f ied by a 
converter set wi th 48 mercury arc rect i f iers. 

The power supply acts as a buffer 
between the electr ic i ty gr id and the magnet, 
smooth ing out the effect of the great 
surges of power (with the new supply 
these wi l l be up to 6400 A at 11 kV) wh ich 
are required for each pulse of the synchro­
t ron. About 5.5 MW of power wi l l be drawn 
cont inuously f rom the mains by the asyn­
chronous motor to make up the losses 
wh ich occur in the magnet coi ls and the 
power supply itself. 

The new supply wi l l make it possible 
to operate the proton synchrot ron at two 
or three t imes its present pulse repet i t ion 
rate. It replaces the exist ing supply (which 
wi l l , however, stay in commiss ion as a 
spare) wh ich has now prov ided over 
50 mi l l ion pulses. 

Delivery of the whole plant wi l l 
be completed in August. It is hoped that 
instal lat ion of the supply wi l l be f in ished 
by the end of October. Tests at CERN, 
wi thout the PS magnet as load, wi l l then 
begin . Actual connect ion to the magnet 
wi l l probably take place dur ing the main 
shutdown of the synchrotron early in 1968. 
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1. After being in operation for a year, the new 
500 kV accelerating column, at the input of 
the linear accelerator which feeds the 
proton synchrotron, was opened for inspection 
during the shutdown. This photograph of 
the inside of the column was taken looking 
from the position of the proton source. The 
beam passes through the circular aperture 
at the centre of the electrode (called the 
intermediate electrode; it carries a potential 
of 250 kV, half the total potential across 
the column). 
The electrode is constructed of titanium, 
which is an excellent material from the 
point of view of high voltage properties 
in vacuum. Electrical breakdowns do occur, 
however, from time to time and the small 
pock marks, which can be seen surrounding 
the aperture, were produced by the sparks. 

2. A typical target used in ejected proton 
beams at the synchrotron. The target proper 
is the copper rod 1 x 2 X 100 mm3, (the axel 
of the two wheels) supported by thin wires. 
When the proton beam (whose cross-section 
is of the order of 2 X 3 mm2) hits the target, 
a large amount of charge is ejected, mainly 
as 'knock-on' electrons, and this effect is 
used for 'burst-intensity monitoring'. The 
target is simply electrically insulated and 
connected to a charge measuring instrument. 
The amount of charge removed from the 
target gives information about the number 
of interactions (primary and secondary) that 
have taken place. 
External targets are usually set up in air 
and not in a vacuum enclosure. The free 
charges in the heavily-ionized air surrounding 
the target could therefore partially neutralize 
the required signal. However, this difficulty 
is largely overcome by coating the target 
surface with a thin layer of aluminium oxide, 
which prevents the low-energy charges in 
the air entering the target. 

3. A view of the first bending magnet in the 
beam-line from the synchro-cyclotron to 
the ISOLDE laboratory. The magnet steers 
the beam down through a hole cut in the 
floor of the SC hall, to the underground 
tunnel leading to the target room. The 
magnet frame was specially designed in the 
SC drawing offices so that the magnet can 
be rotated around the axis of the beam. 
The short shutdown of the SC, when the 
major components of the beam-line where 
installed, finished on 14 April. Before the 
end of the month, beam had been taken 
as far as the target. Intensities of 3 X 10n 

protons per second have been achieved, 
with a beam cross-section (containing 90 % 
of the protons) of 3 cm diameter. Tests were 
carried out to ensure the adequacy of the 
installed shielding and the results are now 
being analysed. 
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News from abroad Dr. Budker photographed during one of his 
seminars given at CERN on the Novosibirsk 
plans for particle-antiparticle colliding beam 
experiments. 

Novosibirsk 
For two weeks at the end of Apr i l , the 

Intersect ing Storage Rings Department 
was host to a group of scient ists f rom the 
Laboratory for Nuclear Studies, Novosi ­
birsk, USSR. (See also Comment, page 82). 
The party consisted of the Director of the 
Laboratory, Dr. A. Budker, his wi fe, Dr. B. 
Sidorov and Dr. B. Chir ikov. 

Dr. Budker gave two seminars dur ing 
his visit, ent i t led 'Current e lect ron-e lectron 
and electron-posi t ron co l l id ing beam expe­
r imentat ion at Novosibirsk ' and T h e con ­
st ruct ion of co l l id ing beam machines for 
25 GeV proton-ant iproton and 3 to 5 GeV 
electron-posi t ron exper iments at Novosi­
birsk' . 

The f irst talk was concerned wi th the 
storage rings already bui l t : VEP 1, an 
e lect ron-e lectron device buil t pr inc ipa l ly 
to study the problems of par t ic le beam 
storage but wh ich , wi th di f f iculty, has 
been used for some exper iments ; and 
VEP 2, an electron-posi t ron device (2 X 
700 MeV) designed for exper iments, at 
wh ich some signi f icant physics wi th 
co l l id ing beams has already been done. 

Two fascinat ing short f i lms were shown 
of the synchrot ron radiat ion coming f rom 
the orb i t ing part ic les. The synchrot ron 
l ight enables the beam behaviour in the 
r ings to be observed in detai l . It is easi ly 
possible to fo l low with the naked eye the 
effect of induced instabi l i t ies on the beam 
prof i le by observing the light. Conversion 
of radio- f requency power fed into the 
beam, to synchrotron l ight emit ted is 
pract ica l ly 1 0 0 % eff icient. Indeed, Dr. 
Budker said that one electron cou ld be 
t raced f rom the l ight it emits. Since the 
storage rings hold the part ic les in orbi t 
for many hours, it is possible to watch 
a s ingle e lectron, go home to bed, and 
return next morning to see the same 
e lect ron sti l l turn ing round the r ing. 

The second talk concerned the very 
ambi t ious storage rings project for wh ich 
bui ld ing is now wel l under way at Novo­
sibi rsk. The intr icate system is des igned 
to make possible e lectron-posi t ron ex­
per iments at 3 to 5 GeV per beam and 
proton-ant iproton exper iments at 25 GeV 
per beam. 

The electron-posi t ron device for energies 
up to 3 GeV is a small oval shaped magnet 
' r ing ' wi th ends of 8 m radius and straight 
sect ions of 12 m. The vacuum vessel cross-
sect ion is 3 X 7 cm and the magnets, to 
give a f ie ld up to 18 kG, are cast in 50 ton 
b locks each b lock giving one FODO 
sequence. Electrons are in jected after 
accelerat ion to 650 MeV in a small ironless 
synchrotron of 1 m radius. They are 
d i rected onto a target to produce positrons. 

New techniques have been developed to 
achieve a high and contro l lable y ie ld of 
posi t rons. They involve the use of a specia l 
magnet lens system (an x-x lens — so 
cal led because of the shape of the pole 
profi les) wh ich gives extremely high ma­
gnet ic f ie ld gradients result ing in a very 
short focal length for the part ic le beam. 
The target sits at the focal point between 
two of these x magnets and the beam 
approaches the target wi th such w ide 
angles that scat ter ing in the target does 
not add much to angular spread and the 
second magnet catches a high intensity 
posi t ron beam. 

A further ref inement, known as 'the 
dol lar system' f rom the shape it had in 
its init ial concept ion , introduces an omega 
shaped loop in the beam. In the loop the 
beam traverses wedges of t r iangular 
cross-sect ion — the faster part ic les, at 
greater radi i , pass through more of the 
wedge and are s lowed down most. This 
system compresses the energy spread to 
about 1 % before .the beam is d i rected 
onto the target g iv ing an increase of a 
factor of four in the y ie ld of posi trons, 
though involving some increase in the 
angular d ivergence of the positron beam. 

The posi t rons are captured in the r ing 
and their osc i l la t ion ampl i tudes are damped 
by radiat ion. There is then room for the 
in ject ion of more posi trons and in ject ion 
proceeds unti l the desi red beam intensity 
is obta ined. Electrons are then fed in and 
the e lectron and posi t ron beams are 
s imul taneously accelerated to the desi red 
energy for co l l id ing beam exper iments. 

They hope to complete the e lectron-posi ­
t ron r ing by the end of this year and to 
start exper iments wi th it by the end of 
1968. 

CERN/PI 356.4.67 
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In preparation for the proton-ant iproton 
system, experiments have been carr ied 
out on the use of gas jets for charge 
exchange inject ion into accelerat ing rings. 
In the experimental set-up, a 1.5 MeV Van 
de Graaff machine produces negative 
hydrogen ions. These are converted to 
neutral ions by being passed through a 
fair ly low velocity jet which str ips off one 
electron, and then injected into a small 
diameter betatron ring. There, another gas 
jet, wi th a velocity of twelve t imes the 
speed of sound, converts them into protons 
wh ich can be accelerated to 600 MeV. 

This use of jets is another novel develop­
ment at Novosibirsk. Eff iciencies of 75 % 
in part ic le conversion are achieved and 
the very fast jets in the accelerat ing rings 
do not cause much disturbance to the high 
vacuum. Good inject ion of charged par­
t ic les into very small r ings would be 
pract ical ly impossible. 

The proton-ant iproton system starts by 
charge exchange injection into an ironiess 
synchrotron of 1 m radius. It is expected 
that 3 X 10 1 1 protons can be accelerated 
to 3 GeV in this r ing. 

The protons are then injected into a 
large oval with .ends of 45 m radius and 
36 m straight sections, around which the 
experimental halls are built. Accelerat ion 
cont inues in the large oval to 25 GeV and 
the protons are then directed onto a target 
to produce antiprotons. It is hoped to 
achieve about 10~7 ant iprotons per pulse. 

The antiprotons are stored in the smaller 
oval used for the electron experiments 
and there they are 'electron cooled ' . This 
new technique was descr ibed in CERN 
COURIER vol. 6, page 219. It serves to 
take the random motion out of the ant i -
proton beam which then reduces to 1 mm 
diameter. The whole cycle, as descr ibed 
above, wi l l be repeated about 1000 t imes 
to accumulate an ant iproton beam of 10 1 0 

part icles. 

A further 120 pulses of 3 GeV protons 
are injected into the big oval and wi l l 
bui ld up a proton beam of 10 1 4 part icles. 

When the large oval is f i l led with pro­
tons, the magnet f ields in the two ovals 
are equalized and the ant iproton beam is 
brought into the big oval and the energy 
of the protons and antiprotons is raised 

to the desired value for col l id ing beam 
experiments. An interaction rate of 2 X 
10Vs has been calculated which is ample 
for experiments, al lowing a large safety 
factor if al l the compl icated processes 
do not operate as efficiently as expected. 

Construct ion of one large experimental 
hall and of the tunnel for the big oval is 
complete. They hope to have all the 
components of the big oval installed by 
the end of 1968 and to be ready for ex­
periments by 1970. 

Stanford 
Two art icles in the Apri l issue of 'Physics 
Today' report on the performance of the 
20 GeV electron linear accelerator and on 
the experimental programme coming into 
effect at the Stanford Linear Accelerator 
Centre. 

In January of this year, the design 
energy of 20 GeV was achieved. (High 
energy beams (10 GeV) first travel led the 
ful l length (3 km) of the accelerator in May 
1966.) The beam current is between 1 5 - 3 0 
\xA at a pulse repetit ion rate which can 
increase to 360 per second. About 90 % 
of the beam current measured close to the 
injector can be accelerated along the ful l 
length of the machine. It is possible to 
accelerate simultaneously at least three 
t ime-inter laced beams to different energies 
and with pulse-length and intensity inde­
pendently control led — thus experiments 
can proceed at the same t ime in several 
physical ly separated areas. 

A positron beam is required to emerge 
about 2/s along the accelerator length for 
the proposed electron-positron storage 
ring to be built in association wi th the 
linear machine. A converter can be intro­
duced about V3 along to produce positrons 
and it is hoped that positron beams of 
2.5 X 10 1 t part icles with an energy spread 
of about 1 % can be accelerated. 

For the experimental programme, elec­
t ron, positron, photon and muon beams 
in part icular wil l be available. Detection 
equipment wi l l include three large spectro­
meters (the largest weighs 1700 t and is 
50.2 m long); two magnet spark chambers 
(one using a magnet of 500 t with a f ield 
of 15 kg) and a streamer spark chamber 
2.4 X 1.2 X 0.6 m in volume; and two 

hydrogen bubble chambers (one of 1.02 m 
diameter and one with an effective length 
of 2.08 m). 

The approved experiments include 
elastic electron-proton scattering to con­
t inue the examinat ion of the electro­
magnetic structure of the proton; photo-
product ion experiments ( including the 
photoproduct ion of antiprotons and of 
strange part icles), a search for new 
part ic les (part icularly those having only 
electromagnet ic or weak interactions); and 
muon-proton elastic and inelastic scatte­
r ing. 

Frascati 
The electron-positron storage ring, ADONE, 
wi th a maximum energy of 1.5 GeV per 
beam, is nearing complet ion at the 
Frascati Laboratory, Italy. 

The inject ion system was completed in 
Autumn 1966. It provides pulses of elec­
trons of up to 100 mA peak current wi th in 
an energy spread of 2 % , at an energy of 
350 to 400 MeV. Pulses of positrons are 
produced at up to 1 mA peak current. The 
linac injector can operate at 250 pulses 
per second and can send beams direct to 
an experimental hall as well as feeding 
the storage ring (only 2 or 3 pulses per 
second are needed for the storage ring). 

Accelerat ion to 1.5 GeV takes place in 
the storage ring itself where two r. f. 
cavit ies are instal led to accelerate the 
part ic les and to make up the energy lost 
by synchrotron radiat ion. The ring has a 
mean diameter of 16.7 m (the radius of 
the magnet sections is 5 m) with four 
beam intersection regions. The cross-
sect ion of the vacuum vessel is 14 X 7 cm. 
It is hoped to store 2 X 10 1 1 part icles per 
beam. 

Japan 
The Japanese Government has approved 
the construct ion of a 40 GeV alternat ing-
gradient synchrotron. This was recom­
mended by the Japanese Science Counci l 
in the 'First-Five-Year Plan' for long range 
research projects, presented in October 
1965. 
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Switching on the PS 

After a month's shutdown the proton 
synchrotron was started up again on 
18 May to enable the various teams of 
physicists work ing at CERN to begin a 
new phase of their experimental pro­
gramme. This shutdown provided an 
opportuni ty for carrying out maintenance 
work, inspections, and certain improve­
ments to the machine. 

We thought it would be interesting to 
take part as a spectator in the standard 
sequence of operat ions involved in swi tch­
ing on the machine after a shutdown and 
have tr ied to descr ibe the main steps 
in the PS start-up procedure. 

A safety patrol of two men sets out to 
ensure that all is in order in the magnet 
ring tunnel itself and in the surrounding 
areas outside the PS. 

At the same t ime, a second patrol 
inspects the basement of the ring tunnel. 
After this inspect ion the entrances to the 
basement are locked. 

In the main control room myriads of 
little l ights are already f l icker ing, the 
operators are at their stations and the 
f irst warning is broadcast over loud­
speakers in the ring bui ld ing: 'Operat ion 
wi l l begin in half %n hour. The ring bui l ­
ding wi l l be c leared of all personnel in 
20 minutes t ime' . This announcement is 
made in four dif ferent languages. 

The second warning is broadcast, again 
in four languages: 

'Operat ion wi l l begin in 10 minutes. Al l 
persons must leave the ring bui lding now'. 

Al l doors leading to the inside of the 
ring are locked electr ical ly. Sitt ing at the 
control desk in the main control room, an 
operator may nevertheless authorize entry 
in an emergency. He can observe the 
access doors on a series of television 
screens. 

In the meantime, two magnet operators 
have entered inside the ring tunnel to 
make sure, visually, that the magnets are 
in order and that nothing has been 
forgotten or moved to a dangerous 
posi t ion. 



Three other operators f rom the contro l 
room, accompanied by two watchmen, 
also go on a tour of inspect ion round the 
r ing to make quite sure that everything is 
no rma l ; that, for example, no one is sti l l 
inside. A few moments later, the magnet 
operators ask for the magnets to be fed 
wi th power and carry out a second ins­
pect ion, this t ime to l isten for any 
abnormal noises, caused, for example, by 
metal objects moving in the main magnet ic 
f ie ld . 

After these various inspect ions, the 
operators leave the ring watched by the 
c losed-c i rcu i t television cameras t ra ined 
on the doors, and the machine is ready 
to start up. 

Inside the main contro l room, an operator 
checks the innumerable contro ls and dials 
and takes over control of the l inear acce­
lerator, the injector of the proton 
synchrot ron, wh ich has been running for 
four or f ive hours already. 

Al l the safety systems having been 
checked, the operator presses a button 
to swi tch on a record ing wh ich wi l l be 
broadcast over the loudspeakers in the 
r ing tunnel in four languages all the t ime 
that the PS is running: 'At tent ion. You are 
in danger. Push an emergency stop' . 

After wai t ing a further two minutes, the 
operator presses the beam stopper button 
which lets the beam from the l inear 
accelerator into the synchrotron r ing. The 
accelerator is then in operat ion: the f irst 
pulse of protons has started on its journey 
of nearly 300 000 ki lometres inside the 
vacuum chamber. 

In the main control room, the nerve 
centre of the accelerator, the f l icker ing 
l ights begin to fade. The various steps to 
develop a good proton beam, to be used 
for the programme of exper iments, begin. 

One of the technic ians adjusts the con­
trols, another careful ly fo l lows the traces 
on a 'scope' . Then comes the moment 
they have been wai t ing for: all eyes turn 
to a series of i l luminated numbers indi ­
cat ing the number of part ic les accelerated. 
The f igure reached causes various reac­
t ions accord ing to whether it corresponds 
to the expected value or not. 

A technic ian also carr ies out measure­
ments on the 'c losed-orbi t ' of the beam 
and makes any necessary correct ions to 
the magnet ic f ields. This is to try to obtain 
the best possible beam. 

There is sti l l a lot to do. For example, 
the accelerated proton beam has to be 
d i rected on to internal targets or e jected 
from the machine accord ing to a pro­
gramme often drawn up long before. 

From 8 p.m. onwards, the machine is 
given over for twelve hours to the engi ­
neers, technic ians and operators respon­
sible for its running. This t ime wi l l be 
used to carry out a number of tests to 

obtain the opt imum performance f rom the 
accelerator before making the various 
beams avai lable to the exper imental phy­
sicists. 

From now on and dur ing the whole PS 
running t ime, the operators on duty, led 
by an engineer, wi l l watch the per formance 
of the machine and make any correct ions 
that may be required. They wi l l also, 
among their ott ier duties, have to answer 
the requests of the exper imenters who 
may wish a target to be moved, the beam 
intensity to be changed, etc. 
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Book Reviews 

Axiomatic Field Theory 
Brandeis University Summer Institute in 
Theoret ica l Physics, 1965, Volume 1 edi ted 
by M. Chret ien and S. Deser (New York, 
Gordon and Breach Science Publ ishers, 
1966, | 35). 

This is the f irst of two volumes con­
ta in ing the proceedings of the Brandeis 
University Summer School 1965. The t i t le 
'Ax iomat ic Field Theory' is somewhat 
mis leading, s ince only three of the f ive 
contr ibut ions deal wi th that subject . They 
wi l l be reviewed first. 

'Ax iomat ic f ie ld theory' has fal len 
into disrepute wi th many theoret ic ians 
because it obst inately refuses to y ie ld 
numbers. The disrepute is undeserved. 
Those who are interested in understanding, 
rather than in comput ing, wi l l st i l l f ind 
f ie ld theory useful and the inclusion of the 
subject in the programme of a summer 
school is therefore commendable . It is 
doubt fu l whether this vo lume wi l l contr ibute 
great ly to the disseminat ion of f ie ld theo­
ret ical knowledge among the unbel ievers, 
s ince two of the three contr ibut ions are 
so highly technical in character that they 
are not l ikely to f ind many readers among 
those who do not f i rmly intend to become 
act ive in the f ie ld themselves. The authors 
cannot be b lamed for the technical i ty , 
wh ich is, to a large extent, enforced by 
the subject matter of their courses. For 
the interested student these art ic les wi l l 
be of great value. 

H. Epstein's contr ibut ion deals wi th the 
recent developments in our knowledge 
of the anal i t ic i ty propert ies of the f ie ld 
theoret ical Green's funct ions, both on and 
off the mass shel l . As yet the most 
important result of these researches (to 
wh ich Epstein has contr ibuted s igni f icant­
ly) is the proof of crossing symmetry for 
the two part ic le scatter ing ampl i tude in 
the general mass case. The subject is not 
an easy one. It involves methods of hand l ­
ing analyt ic funct ions of several var iables 
wh ich are not fami l iar to the average 
theoret ic ian. Indeed many of these 
methods have only been developed in the 
course of this work. Epstein succeeds in 
present ing the problems as clear ly as 

possible, but even so, a serious effort on 
the part of the reader is needed to under­
stand them. The art ic le contains a great 
deal of material that is not easily acces­
sible e lsewhere and is therefore of interest 
not only to the student but also to the 
expert. 

The LSZ-formulat ion of f ie ld theory 
has t radi t ional ly been considered to be 
less r igorous mathematical ly, but more 
useful physical ly, than the Wightman for­
mulat ion. K. Hepp reports in his lectures 
on the progress that has recently been 
made, mainly by himself, in removing the 
mathemat ical ob ject ions to the LSZ results 
by der iv ing them in a r igorous way f rom 
the Wightman axioms. After a short review 
of Wightman's theory, he starts wi th 
Ruelle's, by now, classical proof of Haag's 
asymptot ic condi t ion, then goes on to 
prove the LSZ asymptot ic condi t ions on a 
dense set of states, as wel l as related 
facts l ike the Yang-Feldman equat ions, 
the reduct ion formulae for the S 7 matr ix, 
and dispers ion relations. The cluster 
propert ies and the one-part ic le structure 
of the S-matrix are discussed. The proofs 
are given in detai l , and in most cases 
for part ic les of arbitrary spin. This is 
a we lcome deviat ion from the customary 
att i tude of axiomatists, who tend to regard 
spin as a mere nuisance wi thout funda­
mental s igni f icance. The author manages 
to cover a lot of ground in some 100 pages. 
The style is correspondingly terse. 

D. W. Robinson's contr ibut ion on the 
algebraic aspects of f ie ld theory is, in 
contrast to the two reviewed above, 
refreshingly understandable even to the 
unini t iated. Especial ly recommended is the 
lecture of Chapter 4, wh ich contains an 
account of the general ideas underly ing 
the algebraic approach to quantum me­
chanics in general , and f ie ld theory in 
part icular. This approach seems to have 
many advantages over the convent ional 
point of v iew and deserves the attent ion 
of a w ide audience. The earl ier chapters 
are on the Poincare group and its repre­
sentat ions, and on some basic facts of 
convent ional f ie ld theory. 

Whi le pedagogical ly on a high level, 
these chapters do not go beyond what can 
be found in numerous other summer 
school courses on the same topics. The 
notes have been prepared by a student 

rather than by the lecturer himself. As a 
result this cont r ibut ion suffers more than 
the others f rom the disadvantages of the 
informal summer school style, i.e. careless 
formulat ions, and, somet imes, ambiguous 
and mis leading statements. 

The two contr ibut ions not on f ie ld theory 
are by L. Michel and R. G. Newton. 
Michel 's course 'Relativist ic Invariance 
and Internal Symmetr ies ' deals in its main 
part wi th some mathemat ical aspects of 
group theory wh ich are not known to most 
physic ists, despi te the recent wave of 
interest in group theory. In part icular, 
he discusses appl icat ions to groups and 
algebras of the methods of homologica l 
a lgebra and the theory of homogeneous 
spaces. The emphasis is on mathematics ; 
physical appl icat ions are given somewhat 
incidental ly. 

The f inal chapter gives a useful, though 
not very systematic, account of a covar iant 
spin descr ip t ion and its connect ion wi th 
var ious internal symmetr ies. 

Newton's contr ibut ion is by far the 
shortest of the f ive (30 pages). It des­
cr ibes the appl icat ion of the famil iar non-
relat ivist ic scat ter ing formal ism to the 
scat ter ing of a s ingle part ic le on a bound 
state of two part ic les, d iscussing the 
der ivat ion of L ippman-Schwinger equa­
t ions for this prob lem and methods for 
their solut ion — in part icular, an adapta­
t ion of Faddeev's method. The treatment 
is formal and existence problems etc., 
are not d iscussed. 

O. Steinmann 
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Atomic and Nuclear 
Physics 
by D.L. Livesey (Massachusetts, Blaisdel l 
Publ ishing Company, 1966, $ 10.50). 

This book is an excel lent in t roduct ion, at 
undergraduate level, to atomic and nuclear 
physics and, for all but the special is t in 
top ics f rom these f ields, can sit very 
useful ly on the shelf as a general reference 
book. 

Its f irst chapters cover the atomic theory 
of matter, kinetic theory, charged sub­
atomic part ic les, and atomic interact ions 
wi th radiat ion. The approach is part ly to 
fo l low the histor ical development of the 
subject and there are neat, s imple 
descr ipt ions of some of the famous 

exper iments wh ich changed our concep­
t ion of the structure of matter early in 
this century. 

In moving on to chapters cover ing 
photon mechanics and relativity, the 
nuclear atom, quantum mechanics, the 
quantum theory of sol ids, and nuclear 
physics, the treatment becomes more 
mathemat ical until we are deep in worked-
out examples of the appl icat ion of the 
Schrodinger equat ion. A useful, short 
descr ip t ion of the operat ing pr inc ip les 
of the var ious types of accele­
rator is given in the chapter on nuclear 
physics. This is an example of the 
emphasis wh ich the author gives to the 
development of experimental techniques. 

The f inal chapter steps outside the 
mandate of the t i t le of the book to provide 
an int roduct ion to sub-nuclear physics. 

The coverage is wel l up-to-date at the 
t ime when the book was wr i t ten, inc luding 
for example CP violat ion in long-l ived 
neutral kaon decays. 

Presentat ion of text, mathematics and 
i l lustrat ions is a del ight throughout. Books 
for fur ther reading on the topics covered 
in a chapter are l isted at the end of the 
chapter and there is a thought fu l ly-
p roduced index. 

This is not a book for the special ist , 
but for its intended undergraduate 
audience and for those physicists, no longer 
steeped in the f ie ld, who one day need 
to recal l what the Lamb-shift, the Sommer-
feld theory of metals, or Bose-Einstein 
stat ist ics, is basical ly about, it is an 
excel lent source of easily assimi lated 
informat ion. 
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Glasgow University 
Kernforschungsanlage JiJIich 
Kernforschungszentrum, Karlsruhe 
Liverpool University 
Manchester University 
Max-Planck Institut fur Chemie, Mainz 
Max-Planck Institut fur Kernphysik, 
Heidelberg 
Max-Planck I nstitut fur Physik und 
Astrophysik, Munchen 
Natuurkundig Laboratorium, Universiteit, 
Groningen NL 
Oxford University 
Physikalisches Institut der Universitat, 
Bonn 
Physikalisches Institut der Universitat, 
Hamburg 
Reaktor-Station Garching, Physik 
Departement, Munchen-
Science Research Council, Daresbury 
Science Research Council, Rutherford 
High Energy Laboratory 
Sussex University 
UKAEA, Harwell 
UKAEA, Risley 

Borer are the largest manufacturers 
of scalers in the western hemisphere, 
and supply large and small systems 
wherever rapid, reliable counting is 
needed in high energy and low energy 
nuclear physics. 

Borer scalers are available with: 
6 or 8 decades 
Decimal or binary display 
2,20 or 100 Mc/s count rates 
Single or double units 
Flexible data output using 
teleprinters, punched tape, magnetic 
tape, output writers, and parallel 
printers. 

Please ask for latest literature, or 
for a demonstration. 

Switzerland: Heidenhubeistrasse 24 
Solothurn 
Telephone 065/2 85 45 
Great Britain: 36 East Street 
Shoreham-by-Sea, Sussex 
Telephone 4305 
Germany: Verkaufsburo Munchen 
KaiserstrasselO, D-8000 Munchen 23 
Telephone34 8016 
France: Sorelia Electronique. 
150 rue de Chatou, 92 Colombes 
Telephone 782.16,39-782,32.79 
Italy: Boris G. F, Nardi 
ViaCapranica16, Milano 
Telephone 2362924-2361394 
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high resolution gamma ray spectroscopy 
featuring 
LITHIUM DRIFTED GERMANIUM 
AND SILICON DETECTORS 
Low Noise Electronics • Cryostats 

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

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

£ Comple te semiconduc to r detector assembl ies 
integrated w i th cryostat , l iqu id n i t rogen dewar and 
vacuum system, and featur ing bui l t - in coo led low 
noise FET preampl i f ie rs . 

0 Comple te e lec t ron ic systems of the h ighest 
per formance bui l t f r om f lexib le Edinburgh Series 
modules to sui t each exper iment . 

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

0 Special an t i -Compton systems featur ing sc in t i l ­
lator sh ie lds w i th comple te assoc ia ted e lectronics 
bui l t to your spec i f i ca t ion . 

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

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

NUCLEAR ENTERPRISES (G.B.) LTD 
Sighthill.EDINBURGH II.Scotland Tel: CRAigtockhart4060. Telex 72333 Cable:'NuclearEdinburgh' 

Assoc ia ted Compan ies ; Nuclear Enterpr ises Ltd. , 550 Berry St reet , W inn ipeg 21 . 
Nuc lear Equ ipment Corp . 931 Termina l Way , San Car los , Ca l i fo rn ia . 
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New 
Vacuum Gauges 
as 
Rack Panels 
as 
Consoles 
or as a Fitting 

With the re-design of their well-known 
vacuum gauges which have been in 
popular use for the past 20 years, 
BALZERS have fulfi l led two important 
technical requirements; suitability of the 
equipment for insertion into standard 
racks, and further extension of the high 
vacuum measuring range of the instru­
ments. 
Adaptation to modern technical require­
ments was simplif ied for BALZERS by 
their background of wide experience in 
the construction of vacuum measuring 
equipment, and the new BALZERS 
vacuum gauges are a product of the 
natural processes of growth and matu­
rity. 

Special Features 
— outstandingly efficient; 
— compact in shape and appearance; 
— practical programme necessitating 

few gauges for the pressure range 
760 to 10-11 Torr (for example KV713: 
from 1 to 10-8 Torr); 

— Indicat ion: accurate and reprodu­
cible; 

— Type of construct ion: modern, robust 
and reliable in operation; 

— standard size connections for recor­
der and control instruments; 

— available as a unit for fitt ing in exist­
ing control panels and plants as re­
quired; 

— available as a 19" rack panel; 
— available with side panels as a port­

able console, suitable for stacking. 

BALZERS programme of measuring 
equipment also includes: vacuum relays 
leak detectors and mass spectrometers. 

B A L Z E R S A K T I E N G E S E L L S C H A F T 
fur Hochvakuumtechnik und Dunne Schichten 
FL-9496 Balzers • Principality of Liechtenstein 

United Kingdom: 
BALZERS HIGH VACUUM LIMITED 
Berkhamsted, Herts., 
Telephone: Berkhamsted 2181 



"More for your money than ever before" best describes our new ADC. 
A proud addition to the M100 System, the AD128 is a 128 channel 
(7-bit) analog-to-digital converter. It provides flexibility of input 
signal acceptance, supervisory control, and output interfacing. 
Most of the supervisory circuitry normally found in a large multi­
channel analyzer is included in a small package at a low price. 

i i 

Seven-bit (128 channel) 
direct-coupled 

analog-to-digital converter. 

Conversion time typically 
12.9 /isec full scale. 

Data input has 
full scale range 

Ov to +1.0v above threshold. 

Adjustable threshold control 
for rejection of undesired 

low-level signals. 

Strobe input accepts 
M100 System logic 

and complementary logic signals. 

STROBE and RESET inputs 
accept M100 System logic 

and complementary logic signals. 

Busy complement 
logic signal output 

controls external modules, 
or allows sequential conversion. 

All M100 modules 
are available in both the 
EG&G package and in a 
NIM-compatible package 
(NBS-AEC TID-20893 rev.). 

Visual readout provided 
for test purposes. 

Internal control logic 
allows sequential reading 
of many AD128 units. 

Seven-bit digital output; 
8th bit for digital data 
or overflow reset signal. 

Write or call tor detailed specifications. 
EG&G, Inc., Salem Laboratory, 
40 Congress Street, Salem, Massachusetts 01970 
Tel: (617) 745-3200. TWX: 710-347-6741. 
Cable: EGGINC-SALEM 
Field offices: Chicago, Illinois, (312) 237-8565; 
Palo Alto, California, (415) 327-8328. 
TWX: 910-373-1760; 
EG&G Nuclear Ltd., Luton, England. 
Representatives in foreign countries. 
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MODEL 1 0 6 - A is a new NANOLOGIC Dual Pulse Amplifier. 
I t is DC-coupled, has a gain of 1 0 , rise time of better than 
2 .5 nsec and a bandwidth of 2 0 0 Mhz. Linearity is at least 
1°/o over a 2V C±1 V ) swing. Recovery time is 20 nsec for a 10X 
overload, regardless of pulse width. Input protected to 100V. 
Low noise, non-overloading, etc., etc. A new dimension in pulse 
amplification. Here now. 

MODEL 1 1 8 - D is a new NANOLOGIC Dual 6-Fold Adder 
[Fan-lnl. I t has two outputs, linear to ±3°/o over an actual 
output range of 0 to 3 .6V. Six inputs/section; linear range 0 
to—600 mV. Rise time is better than 2 nsec. Using both sections 
one obtains 11 -fold fan-in. With inputs of the same amplitude one 
may obtain majority coincidence logic of 11 with a single 118-D. 

CHRONETICS earnestly solicits your inquiries concerning these new NANOLOGIC modules or any problem of 
nuclear instrumentation where you feel we can help. Or even if you aren't sure . . . 

C H R O N E T I C S 
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