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Comment 

A good month for col laborat ion. This issue 
is l iberal ly spr ink led with news of people 
gett ing together who ten years ago would 
have been doing their research apart. In 
some areas this is partly sheer necessity 
as the scale and cost of research equip
ment has c l imbed, but also, as Professor 
Bernardini remarked about the speed with 
wh ich the European Physical Society 
came into being, 'the seeds were already 
sown' . 

On col laborat ion at sub-nuclear physics 
research centres, there is the historic 
event of the publ icat ion of results from 
the f irst CERN/Serpukhov experiment 
carr ied out at the 76 GeV accelerator in the 
Soviet Union. Reports from Dubna and ITEP 
in Moscow show how these two centres 
are also involved in the Serpukhov exper i 
mental programme. The report from the 
Rutherford Laboratory indicates how far 
the UK physicists are prepared to go, in 
terms of hard decis ions on the national 
scale, in order to part ic ipate in the inter
national 300 GeV Laboratory. 

Also there has been the Inaugural 
Conference in Florence of the European 

Physical Society. The Conference was a 
great success. There was some really ex
ci t ing physics reported and for physicists 
to have their eyes opened to progress in 
f ields other than those in which they are 
work ing was a refreshing and valuable 
exper ience. The Society could usefully 
organize this sort of meet ing, where top-
class people present concise and penetrat
ing reviews of their, f ie ld, regularly — 
perhaps at three or four year intervals. In 
terms of co l laborat ion also the Conference 
was a great success. Strong cont ingents 
of physicists were present from pract ical ly 
every country in Europe. 

These events may not be headl ine news 
and they take place in a wor ld where con
f l ict between countr ies is stil l the norm. 
But if this si tuat ion is to be changed it is 
l ikely to evolve f rom many l imited efforts 
in col laborat ion l ike these. 
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CERN News Equipment from CERN installed in the 
experimental hall at the Serpukhov 76 GeV 
accelerator. On the left, the large horizontal 
cylinder of a DISC Cherenkov counter can be 
distinguished; in the centre are racks of 
associated electronics. The secondary particle 
beam comes in from the right. 

(Photo Serpukhov) 

Particle yields 
at Serpukhov 
Results from the f irst col laborat ive expe
riment to be carr ied out at the Serpukhov 
76 GeV proton synchrotron by a jo int team 
of CERN and Soviet scient ists were 
reported in Physics Letters, 31 March*. The 
experiment aimed to measure part ic le 
'y ie lds ' ( the numbers of secondary part icles 
of different types yielded when the 
accelerated beam bombards a target) at 
the higher energies avai lable from the 
Serpukhov machine. 

These measurements are important for 
several reasons. They provide more data 
on part ic le product ion processes at high 
energy, extending the extensive measure
ments carr ied out up to the energies 
(about 30 GeV) of the Brookhaven and 
CERN machines ; they are essential for 
the planning of the future exper imental 
programme at Serpukhov to enable the 
intensit ies of secondary part ic le beams at 
the machine to be predicted with good 
accuracy ; and they also serve as a useful 

intermediate step, between 30 GeV and 
several- hundred GeV, to estimate the 
part ic le y ields which wil l be avai lable at 
the Batavia 200 GeV and the European 
300 GeV accelerators. At the same t ime, 
the measurements served to test detect ion 
techniques for identifying part ic les of 
higher energy. 

The experiment was carr ied out in the 
last few months of 1968. For most of the 
t ime, the synchrotron was operated at 
70 GeV wi th an average beam intensity 
of 3 X 1 0 1 1 protons per pulse and a pulse 
rate of 1 per 7 s. Cyl indrical a luminium 
targets (21 mm long and 2 mm diameter) 
were used in three posit ions inside the 
magnet ring so that the beam-line, where 
the detectors were instal led, could take 
the negative secondary part icles coming 
off in the forward direct ion or at very 
small angles (particles emitted at a tangent 
to the ring) at three momenta 40, 50 and 
60 GeV/c depending on the target posi t ion. 
Some data was also col lected with the 
synchrotron running at lower energy (at 
20 GeV and then at 43 GeV) to tie up wi th 
the information from exist ing machines 

and to provide Serpukhov with knowledge 
of beam intensit ies for experiments below 
ful l energy. 

The composi t ion of the beam was 
measured by various combinat ions of 
Cherenkov counters of different design (as 
many as four independent detect ion 
techniques could be used which provided 
a useful cross-check of the measurements). 
There were two dif ferential Cherenkov 
counters ('DISCs'), which record part ic les 
in a narrow veloci ty range (detecting the 
Cherenkov l ight emit ted within a small 
angular spread), and three threshold 
Cherenkov counters which record all 
charged part ic les wi th veloci t ies above a 
selected value (the Serpukhov team have 
developed excel lent threshold counters). It 
was demonstrated in the course of the 
exper iment that Cherenkov counter tech
niques provide a clear ident i f icat ion of 
part ic les up to the top momentum investi
gated (60 GeV/c) and they can conf ident ly 
be incorporated in experiments planned 
for the 200 and 300 GeV machines. 

The yields of negative pions, negative 
kaons and ant iprotons were measured, and 
the main results can be expressed brief ly 
as fol lows : 
The yield of pions was as expected, but 
the kaons and ant iprotons were less 
abundant than expected. (Approximate 
f igures for a 70 GeV incident beam of 
10 1 2 protons and secondary part icles at 
50 GeV are — 10 5 negative pions, just 
over 10 3 negative kaons and just under 
10 2 ant iprotons. 

The yields decrease as the secondary 
part ic le beam energy increases, the de
crease being at about the expected rate 
for pions but faster than expected for 
kaons and ant iprotons. This means that 
the ratio of kaons and ant iprotons to pions 
fal ls off rapidly wi th increasing energy 
which has important impl icat ions when it 
is necessary to sift out one type of par
t ic le f rom the others. 

By 'expected ' is meant the predict ion of 
a part icular model (called the stat ist ical 
model) of the process of secondary par
t ic le product ion. This is one of several 
models, but the one which has been most 
thoroughly worked out so that it gives 
f igures for Serpukhov energies. It con-
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Two beam-lines coming from the Serpukhov 
accelerator (the synchrotron itself curves round 
top left). The beam-lines diverge from a bending 
magnet, the one on the left leading to the joint 
CERN/Serpukhov yields experiment and the one 
on the right to the Serpukhov quark experiment. 
The first collimators on each line can be seen at 
the bottom of the photograph. 

(Photo Serpukhov) 

siders all the possible interactions (many 

hundreds of them) which can take place 

when a high energy proton col l ides with a 

nucléon in the target and the probabil i ty 

of each of the interactions. A statistical 

calculat ion then gives f igures for what can 

be expected to come out of the target on 

average. The results of the experiment 

imply that further refinement of the model 

is needed. 

The joint team is now doing total cross-

section measurements — taking a second

ary beam and f ir ing it at a hydrogen target 

to f ind the probabil i ty of a beam particle 

interacting with a proton (a hydrogen 

nucleus). 

The col laboration of scientists from 

Serpukhov and CERN has been working 

smoothly and rapidly and has provided an 

excellent start to the new venture of co

operation between the two Laboratories. 

* 'Negative particle production at the 70 GeV 
IHEP accelerator' 

Yu.B. Bushnin, S.P. Denïsov, S.V. Donskov, 
A.F. Dunaitsev, Yu.P. Gorin, V.A. Kachanov, 
Yu.S. Khodirev, V.I. Kotov, V.M. Kutyin, 
A.I. Petrukhin, Yu.D. Prokoshkin, E.A. Razuvaev, 
R.S. Shuvalov and D.A. Stoyanova (Institute 

for High Energy Physics, Serpukhov). 
J.V. Allaby, F. Binon, A.N. Diddens, 
P. Duteil, G. Giacomelli, R. Meunier, 
J.-P. Peigneux, K. Schlupmann, M. Spighel, 
C.A. Stahlbrandt, J.-P. Stroot and 
A.M. Wetherell (CERN). 

Towards the 300 GeV 
Laboratory 
Dr. J.B. Adams arrived at CERN at the 

beginning of Apri l to take over the Direc

tion of the 300 GeV Laboratory programme. 

The immediate task is to finalize the 

documentation on which the Council wil l 

base its decisions. The documents include, 

in particular, the exact definit ion of the 

construct ion programme for the new labo

ratory and further information on the 

proposed sites. 

Several of the detai led design aspects 

of the 300 GeV accelerator have been 

studied during the past year in Working 

Groups set up by the 300 GeV Steering 

Committee, chaired by Professor E. Amaldi. 

The membership of these Groups includes 

CERN staff and is mainly composed 

of staff belonging to the various national 

accelerator groups in Europe. The 

Convenors of the Working Groups met at 

CERN towards the end of Apri l to present 

the results of their studies and to consider 

further work for the remainder of this 

year. One Working Group has been review

ing the research on the Electron Ring 

Accelerator technique which is under in

vestigation in various laboratories in the 

Soviet Union, USA and in Europe. 

Assuming that the Council decisions on 

the new Laboratory, its programme and its 

location, are taken before the end of the 

year, the team to be responsible for the 

construction phase wi l l be built up first 

at CERN, Meyrin. They wil l transfer to the 

new site probably about a year after the 

Council decision to launch the programme. 

The final design of the Laboratory and the 

accelerator, which depends to some extent 

on the characterist ics of the chosen site, 

wi l l be determined during that year, using 

the faci l i t ies which exist at the CERN 

Meyrin Laboratory. 
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A group of Members of Parliament from 
Austria visited CERN on 21 March to tour the 
site and discuss the future of high energy 
physics in Europe. They are here having a 
demonstration of the new 'display' system 
connected to a CDC 3100 computer. 

Quarks still elusive 
An experiment at the CERN proton 
synchrotron has searched, unsuccessfully, 
for the elusive quarks. The experiment 
pushed detection techniques as hard as 
possible so as to be able to see these 
particles even if they are produced only 
very rarely (down to a product ion cross-
section of about 1CT39 cm 2 , a hundred 
t imes lower than previously investigated) 
and it can be concluded that the l ikel ihood 
of observing quarks at existing accelerator 
energies is now very remote. 

The synchrotron was operated at an 
energy of 27 GeV and the proton beam 
was directed onto a target posit ioned in 
the magnet ring (straight-section 1). A 
special beam-line (d28) was built in the 
south experimental hall to catch quarks, 
making use of their distinctive property of 
carrying a fraction of the normal electron 
charge. 

Quarks are the particles which have 
been postulated to explain the orderly 
grouping of particles. The orderly grouping 
could be the result of the observed par
t icles being different combinations of more 
fundamental objects called quarks. This 
demands howeyer that an individual quark 
carries a charge 1/3 or 2/3 of the charge 
on the electron. The fractional charges 
provide an excellent handle to get hold of 
the quarks if they exist. 

The beam-line was tuned to a 'super-
momentum' of over 30 GeV/c. This meant 
that particles carrying normal charge, 
which, because of conservation laws, can
not come from the target with a momentum 
higher than the moment of the incident 
proton (i.e. they would all be below 
30 GeV/c), would not be able to f ind their 
way through the beam-line magnets to the 
detectors. On the other hand, a particle of 
about 10 GeV/c carrying 1/3 charge would 
be guided to the detectors. 

Advantage was taken of the fact that 
particles carrying 1/3 charge wil l produce 
only 1/9 of the ionization of a normal par
t icle. Scinti l lat ion counters were set to 
record only particles giving such low 
ionization and, in addit ion, a streamer 
chamber was installed (the first use of a 
streamer chamber — see CERN COURIER 
vol. 7, page 219 — at the CERN proton 
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synchrotron) which gives tracks of a 
density depending upon the ionization. 

Particles with charge of ± 1/3 and 
± 2/3 were looked for but none was 
found. 

A quark search has also been carried out 
by Soviet scientists at the higher energies 
available from the Serpukhov 76 GeV 
machine, but again without success. 

Extension to central 
computers 
At its meeting on 11 March, the Finance 
Committee approved the extension of the 
central computing system by the con
version of the CDC 6400 computer into a 
6500, together with the purchase of more 
peripheral equipment. This extension wi l l 
serve as an interim solution of CERN's 
computing needs for the next few years. 

The use of computers is by now an 
integral part of practically all the scientif ic 
and technical work of the Laboratory. In 
reaching this situation, the demand for 

computing capacity has for ten years been 
doubling every year (see CERN COURIER 
vol. 7, page 166). The existing central 
computing system, consisting of a CDC 
6600 and a CDC 6400 computer, can cope 
with the present demand — it handles 
about 1000 jobs per day catering for about 
700 computer users — but to prepare for 
the years to come further extensions are 
necessary. 

In 1967, a thorough study of the future 
needs began. It revealed that, although 
the growth rate in demand is expected to 
fall to a doubl ing every two years, a new, 
much larger, system wil l be required to 
give an increase in computing capacity by 
a factor of four in 1972 ideally with the 
possibil i ty of extension to a factor of ten 
in later years. 

The two major uses of the central com
puting system are for the analysis of 
bubble chamber experiments (about a third 
of the total load) and of electronics exper i 
ments (also about a third). The growing 
appetite for computers in both these f ields 
is a combination of increased facil i t ies for 
experiments as the various elements of 
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Computers at CERN 
A list of the computers in use on the 
site in April 1969 (including those 
brought by visiting teams for use in 
experiments) 

Type Quantity 

CDC 6600 1 
CDC 6400 1 
CDC 3100 3 
CDC 1700 1 
IBM/360-44 1 
IBM/360-30 1 
IBM 1800 5 
IBM 1130 2 
IBM 1401 1 
Honeywell DDP 516 2 
SDS 920 1 
PDP 9 4 
PDP 8 3 
Varian 620 I 1 
Hewlett Packard P2115 2 

the improvements programme are com
pleted, the trend towards 'high statist ics' 
experiments col lect ing more data to push 
the accuracy of the results much further, 
and the technological developments in 
detectors which make it possible to col lect 
data much more quickly. Among the main 
contr ibutors to the future demand wi l l be 
the 3.7 m hydrogen bubble chamber (for 
complet ion in 1971), the Omega project 
(for complet ion in 1971), the 2 m hydrogen 
bubble chamber, now capable of taking 
pictures at twice its former rate, and wire 
spark chambers coming into increasing 
use capable of very high data-taking rates. 

When computer f i rms in Europe and 
USA were contacted in search of new 
computers considerably larger than the 
exist ing CDC 6600, it emerged that none 
was likely to be available as a standard, 
proven machine before 1972. To cover the 
CERN needs until then, the f i rms were 
invited to propose an ' interim system'. 

The most economical and convenient 
offer was that of CDC to enlarge the pre
sent 6400 computer by the addit ion of 
65 536 words of central memory and of a 

second central processor, which comes 
close to doubl ing the capacity of the 
machine. This upgrades the 6400 to a 6500 
at a cost of 4.52 mil l ion Swiss francs. 
Various items of peripheral equipment are 
needed to keep pace with these extensions, 
the main items being an addit ional disk 
and drum, and more printing capacity 
(totall ing about 2 mil l ion Swiss francs). 

This solution has also the advantages 
that no new bui ldings are needed to 
accommodate the computer extension and 
that, f rom the point of view of the users 
preparing programmes for the machines, 
there is no change. 

Power supply overhaul 
An overhaul of the new magnet power 
supply of the proton synchrotron (see 
CERN COURIER vol. 7, page 87), manu
factured by Siemens was carr ied out in 
March. The accelerator continued in oper
ation at lower repetit ion rate dur ing the 
overhaul using the old power supply. 

The new supply had been in operat ion 
since the 1968 shutdown. Operation has 
been very satisfactory and has increased 
the repetit ion rates at different energies to 
the intended values. Some problems have 
arisen with the mercury arc rectif iers. 
The system to switch off the current has 
fai led many t imes and at the peak voltage 
of 10 800 V (which wil l not actually be 
used for machine operation until 1972 
when the r.f. system in the synchrotron 
ring has been modif ied to increase the 
rate of acceleration) arc-back became 
troublesome. These problems are now 
being investigated by the manufacturer. 

It was scheduled in advance to take a 
good look at the power supply after about 
six months of operat ion to see how well 
it was standing up to its arduous pulsed 
regime. The investigation revealed that 
pract ical ly everything is in good shape. 
There was no sign of metal fat igue or of 
uneven wearing. Bearings were repolished 
and the damping system of the large, 
f loat ing, concrete platform on which the 
power supply is mounted was modif ied to 
increase the damping of the induced 
movements. 

The next overhaul is scheduled to be 
carr ied out in 1 Vi to 2 years t ime. 

Magnet for ISR 
interaction region 
A decision has been taken on the large, 
general-purpose, magnet system to be 
installed at one of the interaction regions 
(14) of the intersecting storage rings. The 
system is 'general-purpose' because it is 
intended to serve for a wide variety of 
experiments. * 

To achieve all the desirable propert ies 
of such a system is very dif f icult . Ideally, 
the magnet should make it possible to 
measure accurately the momenta of all 
the charged part ic les coming from the 
interactions, should permit reasonably 
straightforward event reconstruct ion (trac
ing part icles back to the posit ions where 
they were produced), should have space 
and access for eff icient configurat ions of 
detectors, and should not disturb the 
stored beams circulat ing in the rings. (The 
beam paths wi l l be bent in the magnet 
system but the beams should emerge from 
the interaction region as if there were no 
magnet there, all deviat ions being com
pensated.) In addit ion to the physics 
cr i ter ia, there are pract ical considerat ions 
such as physical size to be accommo
dated in the interaction region, cost for 
construct ion and operat ion, and t ime-scale 
for construct ion (since the magnet should 
be available early in the experimental 
programme). 

Several systems were proposed which 
met these different requirements to differ
ent degrees but no system was ideal in all 
respects. After long discussions, it has 
been decided to bui ld a simpl i f ied version 
of one of the proposals known as the spli t-
f ield magnet. 

From the centre of the interaction 
region, the spl i t- f ield magnet system wi l l 
have two arms, one on either side, each 
5 m long, 2 m wide (increasing to 3 m 
towards the centre) wi th a gap height of 
about 1 m. The f ie ld goes in opposite 
direct ions in the two arms. The total 
weight of magnet wi l l be in the region of 
1000 tons. Compensat ing magnets are 
needed downstream on each beam to 
restore the c i rculat ing beams to their 
correct t ra jector ies. 

Design and construct ion of the system 
has been assigned to the Magnet Group 
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A model of a split-field magnet system. A 
simplified version of such a system has been 
chosen for installation in one of the interaction 
regions of the ISR. The split-field magnet is 
symmetric about its centre, the magnetic field 
being in opposite directions in each half. The 
actual ISR magnets are positioned to the right 
and left. 

An assembly of 40 foils for a secondary emission 
chamber (SEC). The foils are separated by glass 
insulators and the connections on alternate foils 
which are taken to positive voltage can be seen 
on the left. The top twenty foils have a central 
aperture and serve to help beam control by 
giving signals only when the beam is not well 
collimated. The lower foils cover the whole 
aperture and give signals proportional to beam 
intensity. 

The lower photograph illustrates typical signals of 
beam intensity and cross-sectional distribution 
from a SEC made of eight foil strips — each 
strip giving one of the signals shown. The burst 
of protons lasted 100 ms and the striated 
appearance of the signals shows that the protons 
received by each strip were not constant in 
number during the full time of the burst. 
The SEC can pick out the microscopic structure 
of the burst. 

of the ISR Department and the aim is to 
have the magnet in operat ion in the 
second half of 1972. 

Secondary emission 
chambers (SEC) 
Yet another method (in use at CERN since 
1965) of carrying out intensity and posit ion 
measurements on a high energy proton 
beam is the use of secondary emission 
chambers ; earl ier this year information 
has appeared in CERN COURIER on the 
ionization beam scanner (page 9) and on 
beam current t ransformers (page 67). Al l 
these methods, and others, are being 
developed because each has its vir tues 
and l imitat ions. In the case of the second
ary emission chamber, it is the only device 
which can give intensity and distr ibut ion 
measurements for ' long-spi l l ' beams when 
the burst of charged part ic les may last for 
a few hundred ms. It is therefore used 
part icular ly in the monitor ing of slow 
ejected proton beams. 

The SEC method is based on the phe
nomenon of emission of electrons from 
the surface of a foi l when a high energy 
charged part icle is incident on it. The high 
energy part icle can give suff icient energy 
to the electrons of the atoms near the 
surface for them to escape from the fo i l . 
The phenomenon is independent of the foi l 
th ickness but in pract ice very thin foi ls (a 
few microns of aluminium) are used so 
that the SEC is almost invisible to the 
high energy beam which passes through 
it, causing négl igeable deter iorat ion, due 
to scatter ing, in beam quality. To give an 
idea of the scale of the phenomenon, 100 
protons with an energy of say 20 GeV wi l l 

cause about five electrons to be emit ted 
from a foi l (2.5 from each surface on 
average). 

A secondary emission chamber is built 
up as fol lows. A series of foi ls are 
assembled parallel to one another sepa
rated by a distance of a few mm. Alternate 
foi ls are connected to a voltage line 
(which gives them a posit ive potential of 
50 V or above). The other alternate foi ls 
are connected to a charge measuring 
device. This assembly is inserted into 
the path of a part icle beam with the foi ls 
perpendicular to the beam di rect ion. 
Electrons emitted from the foi l surfaces 
are drawn to the posit ively biased foi ls 
and thus a f low of charge takes place. The 
recorded signal is proport ional to the 
intensity of the incident beam to very good 
accuracy; effects such as interact ions with 
nuclei in the foi ls being responsible for 
only a few percent of the signal. The foi ls 
have to be enclosed in a good clean 
vacuum (better than 10~6 torr> since the 
emitted electrons are of low energy 
(around 10 eV) and the SEC could not 
operate at high pressure. 

Various changes can be rung on this 
s imple system. The foils can be div ided 
each into several separate str ips and the 
signals recorded from the separate str ips 
wi l l give the beam posit ion and the way in 
which the beam intensity varies over the 
cross-sect ion of the beam. (Such a 
device has been given the name ' topo-
scope' since it reveals the topology of the 
beam.) Another appl icat ion is in the a l ign
ment of beams when a SEC is built of 
foi ls with a central c i rcular aperture. If 
the beam is correct ly al igned it passes 
through the central aperture and there is 
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The units of the infra-red link for sending trigger 
signals to the synchrotron ion source platform. 
On the left is the emitter (gallium-arsenide semi
conductor) and, on the right is the receiver 
('fotofet' — field effect transistor). The 
associated electronics are in the two small 
rectangular boxes. 

io reading from the SEC ; if the beam 
nits the foi ls, the beam-line components 
need adjustment. Used in these ways, 
3ECs could be used in automatic control 
systems for beam-lines sending signals to 
computers which then control power 
supply sett ings. 

There are now five SECs constructed 
for use at the proton synchrotron, three of 
them are installed in the slow ejected 
beam e3 in the East Hall. They cover all 
the funct ions mentioned above and have 
proved very satisfactory and reliable 
instruments. 

The problem of the cal ibrat ion of such 
instruments is a complex one which wil l 
not be covered here. Anyone who wishes 
to dig deeper on this and on the whole 
subject of beam monitoring is referred to 
the Proceedings of the Symposium on 
Beam Intensity Measurement held at the 
Daresbury Laboratory in Apri l 1968. 

Infra-red link 
The first stage of accelerat ion in the 
synchrotron is the 'pre-injector ' which 
accelerates protons to an energy of 
500 keV before they are fed into the first 
tank of the linear accejerator. It is the only 
stage of the machine where accelerat ion 
takes place under the influence of a d.c. 
voltage — throughout the rest of the 
accelerator radio-frequency f ields are 
used. Since many components in the pre-
injector are taken to a potential of half a 
mil l ion volts it poses a few problems not 
met wi th elsewhere in the machine. 

The proton source end of the pre-injector 
is at a potential of +500 kV and this 
involves having all the source suppl ies 
and controls installed on a platform 
mounted on insulating legs 2 m high. It is 
then necessary to send signals to this 
insulated equipment and to receive infor
mation back. A cable, carrying infor
mation electr ical ly, cannot be used because 
of the voltage dif ference and mechanical 
communicat ion via long insulating rods is 
not appropriate to the type of information 
transmission that is required. 

Up to now two systems have been in 
use : 

1) A cathode ray tube sends a light signal 
to the platform where a photomult ipl ier 

converts it into an electronic signal. 
This system has a fast response t ime 
and is used to tr igger equipment where 
precise t iming of the source pulses is 
required. It involves, however, complex 
and bulky units (particularly a 1 kV 
power supply for the photo-mult ipl ier 
on the platform). 

2) A system involving light signals sent 
via a l ight-guide. It involves the use of 
LAS light-sensitive control rectif iers 
which switch on motors to set poten
t iometers and thus set the parameters 
of the different source components. A 
television camera observes the equip
ment which is being control led. 

As part of the PS improvements pro
gramme more effort is going into achiev
ing the best possible beam from the 
proton source. This seems to have a 
marked influence on the ultimate acceler
ated beam intensity — see the note on 
page 105 — and it is important to be able 
to study the influence on beam quality of 
variations in the many parameters con
trol l ing the source operation. To transmit 
this information a new system is being 
installed which uses infra-red. 

This has the advantages of rapid res
ponse rate (data can be transmitted at a 
frequency of 500 kHz), of high eff iciency 
(by precise superposit ion of emission and 
receiving spectra), and of not being sen
sitive to surrounding light. The units are 
also inexpensive, small and light (fully-
transistorized). The emitter uses a gal l ium-
arsenide semi-conductor which produces 
a very clean line in the infra-red 
(X = 0.9uJ, and the receiver uses a 'fotofet' 
f ield effect, l ight-sensitive transistor. 

A single infra-red link operated in mult i -
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plex fashion can be used to transmit infor
mation on the operat ing parameters of the 
source. (The source is a duoplasmatron 
type and important parameters are — 
source current and voltage, voltage on the 
intermediate electrode, current settings in 
two source magnets, f i lament current, 
pulse length, and hydrogen pressure.) 

In May, two infra-red links wil l be 
brought into operat ion — one to tr igger 
the source and the other to pass infor
mation init ially on a single source para
meter. Later the final assembly wil l 
incorporate the mult iplex system which is 
sti l l being developed. In the meantime, the 
l ight-guide system wil l remain in use but 
the cathode ray tube and photomult ipl ier 
wi l l be removed. 

One further point on the infra-red link. 
Information is transmitted in digital form 
and this is ideal for coupl ing directly into 
the IBM 1800 control computer of the 
accelerator. At some future t ime the 
studies of source behaviour and its 
monitor ing and control are likely to take 
place by the intermediary of the control 
computer. 

Gargamelle 
magnet measurements 
The pulsed beam transport group in the 
Nuclear Physics Apparatus Division is 
carrying out detai led measurements of the 
magnetic f ield in the large magnet of the 
new heavy l iquid bubble chamber, Garga
melle. These measurements are checking 
that the f ield conf igurat ion agrees with 
the design calculat ions and are proving 
the equipment which wil l carry out a f ield 

104 



The measuring equipment used in the Gargamelle 
magnet. This view taken inside the magnet 
complements the photograph on the cover of this 
issue which shows the exterior view of the 
equipment. The probe can be positioned at 
different points along the arm and can move 
around the magnetic field describing co-axial 
cylinders. 

The new extraction grid fitted to the ion source of 
the proton synchrotron. Since it has been fitted 
on the machine a beam of better quality has 
been achieved. It was machined in the CERN 
workshops from tantalum by the electro-erosion 
technique. 

The new magnet power supply being taken apart 
after six months of operation for an overhaul 
(see the note on page 102). 

plot inside the chamber body when it is 
installed in the magnet later this year. 

Measurements are taken at positions 
100 mm apart (the actual positions being 
read-off in practice in cyl indrical co
ordinates) giving a total of 10 000 readings 
in the magnet aperture (10 m 3). The probe 
can be positioned to an accuracy of 0.5 mm 
and the value of the magnetic field 
(obtained using the Hall effect) is measured 
to an accuracy of one part in a thousand. 

All the readings are recorded on punched 
tape and are later transferred to magnetic 
tape which is fed to an IBM 1401 computer 
to give the field plot. 

PS intensity up 
On 17 Apri l , the 28 GeV proton synchro
tron produced an average intensity of 
1.54 X 10 1 2 protons per pulse over a 
hundred consecutive pulses reaching a 
peak intensity of 1.59 X 10 1 2 . This is the 
highest intensity ever achieved at the PS 
and it has fol lowed a fairly steady im
provement over the years of operation of 
the machine. 

When the PS was designed, estimating 
intensity was a hazardous exercise since 
the accelerator incorporated the newly 
evolved strong focusing principle and a 
few unknowns had to be confronted. A 
figure of 10 1 0 protons per pulse was pre
dicted but this was exceeded early in the 
machine's life. Maximum intensity figures 
over the years have been 3.8 X 10 1 1 in 
1961, 8.9 X 10 1 1 in 1963, 1.09 X 10 1 2 in 
1965, 1.15 X 10 1 2 in 1967 and 1.31 X 10 1 2 in 
1968. 

The steady improvement has been a 
consequence of many inter-related modif i 

cations to the accelerator (such as better 
tuning of the radio-frequency accelerating 
cavities, better correction of the magnet 
field configuration, ...). But the improve
ment seems to have been particularly 
related to the quality of the beam fed into 
the synchrotron ring. The latest advance 
has fol lowed modifications to the proton 
source itself. 

One of these modifications has involved 
the replacement of the grid on the ex
traction electrode which carries a negative 
voltage of 65 kV to pull the protons from 

the source. The old version had separate 
planes of tantalum wires at right angles. 
Although these planes lay side by side, 
the slight difference in distance to the 
plasma seemed to produce asymmetry in 
the beam. Also if a wire fused, the machine 
had to be stopped to put it right. The new 
grid (see photo) is machined by electro-
erosion from a tantalum plate 0.013 mm 
thick (made in the West Workshop with 
equipment on loan f rom'Atel iers des Char
milles', Geneva). It has given a more 
symmetric beam and continues to work if 
a f i lament is fused. 

A second improvement on the source 
has been the use of high purity hydrogen. 
Bottles of hydrogen from 'Air Liquide' are 
being used which are f i l led by a special 
process (dry membrane) to give 99.998 % 
pure hydrogen. Linac beam instability 
encountered in February and March 
seemed to be related to hydrogen purity. 
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European Physical Society 
Inaugural Conference 

With a blaze of trumpets, announcing 
the Mayor of Florence, the inaugural 
Conference of the European Physical 
Society opened in the splendour of the 
Palazzo Vecchio on 8 Apr i l . For five days 
Florence was the scene of reviews by 
leading f igures from European science of 
'The Growth Points of Physics' and of the 
first General Assembly and const i tut ion 
of the first Council of the Society. 

More than 850 scientists attended the 
Conference and CERN was well repre
sented both among the part icipants and 
among the speakers. A plenary session on 
T rends in High Energy Physics' was 
shared by L. Van Hove and T.D. Lee 
(Columbia University^CERN) who stepped 
in to give the talk at short notice. 

Van Hove reported the interesting de
velopments within the past year in evolv
ing a systematic descript ion of col l is ions 
involving strongly interacting part icles. The 
developments have evolved around the 
'Veneziano model ' which has absorbed the 
ideas that, 1) the Regge trajector ies could 
cont inue to higher masses well beyond 
the investigated region, being populated 

by a l imitless number of particles, and 
2) some form of duality exists between 
processes involving the production of 
resonances and the processes involving 
the exchange of particles. The model 
equates the sum of all the possible reso
nances with the sum of all the possible 
exchanged part icles. The consequences of 
the model are being worked out and agree 
str ikingly well with observation. The model 
also looks hopeful for treating many-body 
col l isions. The orderly representation of 
the observed phenomena which it gives 
could prove another valuable clue to a 
satisfactory theory. 

Lee reported on the latest develop
ments in electromagnetic and weak inter
action theories concentrat ing in part i 
cular on the effort to solve the problems 
arising in weak interaction theory when 
the 'first order' equations are extended to 
higher order. When, for example, the 
higher order theory, is used to calculate 
the mass difference between the charged 
and neutral pions, the result comes out as 
infinity. Attempts to reformulate the equa
tions have a very l imited number of possi

bil i t ies to play wi th. Lee and G.C. Wick 
tackled one of these in a way which wil l 
resolve dif f icult ies in the theory whi le 
introducing revolutionary thoughts on 
causality on a microscopic scale. 

Other speakers dur ing the Conference 
who are at CERN or closely associated 
with CERN were V.F. Weisskopf (Physics 
in Europe in the 20th century), C. Rubbia 
(Current Problems en Weak Interactions), 
W. Paul (Experimental Aspects of Atomic 
and Molecular Coll isions), and F.J.M. Farley 
(Status of Quantum Electrodynamics). 

Two of the highl ights of the week were 
bri l l iant talks by A. Hewish (Cambridge) on 
'Pulsars' and by D.W. Sciama (Cambridge) 
on T h e Recent Renaissance of Obser
vational Cosmology'. They were bri l l iant 
both in their exposit ion and in their physics 
content and gave evidence of the dramatic 
experimental observations and fascinating 
thinking in the f ield of astronomy over the 
past few years — making it the fastest 
growing of the 'growth points of physics' 
at present. 

In his talk on T h e Old Days at the 
Cavendish' P.M.S. Blackett pleaded that 
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Left : G. Bernardini, President of the European 
Physical Society, addresses the inaugural session 
of the Florence Conference in the Palazzo 
Vecchio. Behind him are the heralds and the 
standard of the Mayor of Florence, L. Bausi 
(seated, centre of photograph) and on the right is 
C.A. Funaioli, representing the Italian government. 

Below : L. Van Hove (top photograph) and 
T.D. Lee who shared a Plenary Session on 
Trends in High Energy Physics'. 

(Foto Torrini) 

experimentors should have their eyes wide 
open for the 'accidental ' observation and 
his plea gained weight from the fact that 
two of the most exciting recent observa
tions in astronomy have been 'accidents'. 

One was the detection of the first pulsar 
(CP1919) in July 1967. The Cambridge 
telescope picked up radio signals pulsing 
with remarkable regularity every 1 V3 
second. By now about 40 such pulsars are 
under investigation and increasing know
ledge of their properties has already led 
to a convincing theory of the mechanism 
behind them. The signals are believed to 
be beamed synchrotron radiation (a ' l ight
house' effect) coming from around spinn
ing neutron stars (a dense state of matter 
which has suffered gravitational collapse). 
Though these sources are hundreds of 
light years away their diameter can be 
only a few hundred kilometres across. 
They are the remaining cores of super 
novae explosions. 

Another 'accident' was the detection in 
1965 of the background radiation of the 
universe. Radio telescopes can pick up 
radiation, corresponding by now to a tem
perature of about 3°K, which lingers from 
the first tens of seconds of the mighty 
explosion 10 1 0 years ago which was the 
origin of our universe. Measurement of this 
radiation, which is isotropic, has given 
heavy weight to the 'big bang' theory as 
opposed to the 'steady state' theory of the 
evolution of the universe. That all this 
fascinating knowledge and speculation can 
come from listening to the sky is one of 
the wonders of modern physics. 

These are just two of the topics in 
astronomy developed in much more detail 
during the talks at the Conference. Since, 
when dealing with cosmological phe
nomena, matter is being considered under 
extreme condit ions such as are produced 
in high energy particle coll isions, the 
knowledge of particle interactions which 
has emerged from research at accelerators 
is proving an important input into the 
cosmological theories. 

General Assembly 
and First Council 
In the evening of 9 Apri l the first General 
Assembly of the European Physical Society 
was held. Reports were received from the 

officers elected to guide the affairs of the 
Society during the period between the 
foundation in Geneva on 26 September 1968 
until the Council could be constituted. 
Since the foundation, the National Aca
demies of Bulgaria and Turkey have been 
added to the 18 National Societies who 
initially joined and the total of individual 
members has risen to 445. 

The Main Secretariat is functioning in 
Geneva with branch offices in London and 
Prague. Many donations were received 
by the Society to help bring it into being 
but to guarantee its long-term activities 
the Society needs to have an assured an
nual income. One important way in which 
the Society wi l l be strengthened both f inan
cially and in influence would be for the 
number of individual members to grow 
considerably. (Application forms are availa
ble from the Main Secretariat, 7 route de 
Drize, 1227 Carouge-Geneva). 

Committees have been created to for
mulate EPS policy on Physics Journals in 
Europe and on European Physics Confer
ences. The Chairmen of these Committees, 
respectively J. de Boer (Amsterdam) and 
G.H. Stafford (Chilton), reported on their 
work so far. In both cases the role of the 
EPS is seen not as that of initiating new 
journals and new conferences to add to 
the present proliferation, but as one of co
ordination which wil l help establish stand
ards and wil l avoid needless dupl icat ion. 

At the end of the General Assembly the 
ballot was opened for the election of five 
representatives of the individual members 
to join the 45 delegates of the National 
Societies on the EPS Council. G. Bernar
dini (Pisa), L. Hrivnak (Zilina), L. Jansen 
(Geneva), A. Kastler (Paris) and V.F.Weiss-
kopf (Cambridge, USA) were elected. 

At the first Council Session on 11 Apri l 
the Executive Committee was elected as : 
President : G. Bernardini 

Vice-President : E. Rudberg (Stockholm) 
Secretary : L. Jansen 
Vice-Secretary : F. Janouch (Prague) 
Treasurer : L. Cohen (London) 
Vice-Treasurer : G.J. Béné (Geneva) 
Members : L.A. Artsimovich 

(Moscow) 
H. Curien (Paris) 
J. de Boer (Amsterdam) 
I. Slaus (Zagreb) 
G. Szigeti (Budapest). 
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Around the Laboratories 

WISCONSIN 
Electron ring 
A storage ring not covered in the special 
issue on storage rings in November of 
last year, for lack of up-to-date knowledge, 
was the 240 MeV electron ring at the 
Physical Sciences Laboratory of the Uni
versity of Wisconsin. A paper on the per
formance of the ring, which has been in 
operation for just over a year, was given 
by E.M. Rowe at the Washington Conference 
in March. 

The ring was initially intended as a 
200 MeV electron-positron device to be 
used mainly for research in storage 
ring technology. Construction began in 
June 1965 under the auspices of the since-
disbanded MURA (Midwestern Universities 
Research Association) where the idea of 
experiments using col l iding beams was 
studied for the first t ime. The ring was 
completed in November 1967 and electrons 
were stored and accelerated to 240 MeV 
in March 1968. 

A few parameters are as follows : 
Electrons are injected for a single turn 

(up to 10 1 1 per pulse) at 45 MeV from the 
MURA 50 MeV FFAG synchrotron at a 
maximum injection rate of 3 pulses per 
second ; they can then be accelerated or 
decelerated to any energy in the range 10 
to 240 MeV. The ring is 3 m in diameter with 
separated-function magnets giving fields 
just over 12 kG at peak energy. A stain
less steel vacuum vessel has a useful 
aperture 60 mm horizontal and 20 mm 
vertical and is pumped to 5X10~ 1 0 torr. 
One r.f. cavity, operating at 31.9 MHz gives 
a maximum of 15 keV per turn (shortly to 
be increased to 50 keV). 

Clever tr icks are played at injection to 
achieve virtually 1 0 0 % injection efficiency. 
Signals are taken from the bunched beam 
in the synchrotron and are passed to the 
storage ring r.f. system. In this way the r.f. 
cavity voltage is swinging in tune with the 
incoming particle bunches which arrive at 
exactly the right time to be captured in 
the ring. The bunched beam in the syn
chrotron has thus acted as a master 
oscil lator. This essentially simple system 
has proved more efficient than any other 
injection technique. 

The 240 MeV electron storage ring at the 
University of Wisconsin. The ring is 3 m in 
diameter ; the eight bending magnets can be 
readily picked out (seven in view) and the single 
r.f. accelerating cavity is on the right. 

(Photo Wisconsin) 

During the year of operation several 
phenomena have been investigated, two of 
which are mentioned here. Measurements 
of beam lifetime were consistent with the 
vacuum chamber pressure at low beam 
intensities but the rate of beam loss, and 
the pressure, increased as the intensity 
was increased. This was traced to the 
presence of positive ions, which tend to 
concentrate in the negative beam, locally 
raising the effective pressure (to nearly 
10~8 torr) and hence the scattering of the 
beam particles. Deliberately increasing the 
cross-section of the beam (to reduce the 
positive ion density) increased the beam 
lifetime. 'Clearing electrodes' which suck 
ions from the vacuum vessel could only 
be installed around about half of the ring. 

A phenomenon which does not seem to 
have given trouble elsewhere is photo-
etching of the inside of the stainless steel 
vacuum chamber by synchrotron radiation. 
This produced mult ipacting in the r.f. 
cavity after several months of operation — 
material etched off the vacuum chamber 
had been deposited on the alumina r.f. 
window and was a source of secondary 
electrons which took cavity power. The 
accelerating gap has now been success
fully modif ied to avoid these problems. 

An unexpected use of the ring has been 
in experiments using the synchrotron 
radiation for spectroscopy in the far ultra
violet region. Since June of last year the 
machine has been operated continuously 
as a source of ultraviolet radiation for 
solid-state and atomic physics research. 
During this t ime the performance and 
reliability of the storage ring have steadily 
improved. 

STANFORD 
Profuse positrons 
Antipart icles are by now such a familiar 
component of the high energy physics 
world that it is easy to forget how quickly 
they have moved from speculation, to 
first identif ication, to everyday use as 
beams at high energy accelerators. They 
emerged from the equations of P.A.M. 
Dirac in 1928 as particles corresponding 
to negative energy states (if you push 
them away they move towards you) and 
the observation of the first positive elec
tron, or positron, came four years later 



The position along the 20 GeV electron linear 
accelerator at Stanford where positrons are 
created. The beam travels from left to right and 
in the large cylinder (fed by the heavy cabling on 
the left) the electrons strike heavy metal targets 
mounted on a rotating wheel. This is immediately 
followed by a long solenoid to help focus the 
resulting positrons which are then accelerated 
along the remainder of the length of the machine. 

(Photo Stanford) 

when C D . Anderson and S.H. Nedder-
meyer saw pair product ion of the electron 
and positron in cosmic rays. Observation 
of the antiproton had to await the con
struction of high energy accelerators and 
came in 1956 from a famous experiment 
on the Bevatron at Berkeley. 

Now antipart icles can be produced in 
quantity and separated into beams to be 
used in experiments. One interest in such 
experiments is that it is intr iguing to know 
about the behaviour of antimatter as a 
clue to why there is such str iking 
asymmetry in the Universe. This asymmetry 
may be just local — averaging out over 
the whole universe there may be as much 
antimatter as matter — but it is because 
our galaxy is composed only of matter 
that our immediate environment can exist. 

Producing intense beams of positrons 
has become standard pract ice. They are 
used in scattering experiments on sta
t ionary targets, in col l id ing beam experi
ments with electrons (see CERN COURIER 
vol. 8, pages 288-291) and for the produc-
tiop of 'tertiary' beams of annihi lat ion 
photons. 

The production of positron beams 
differs in several ways from that of other 
antipart icle beams. In principle their inten
sity can exceed that of the electron beam 
which initiates them (each incoming elec
tron producing a cascade of positrons and 
electrons in the target) and also they can 
be further accelerated in a electron linear 
accelerator using the other half of the 
wave which accelerates electrons. (This 
half of the wave which would decelerate 
electrons wil l accelerate the oppositely 
charged positrons.) 

The production techniques have been 
studied at many Laboratories. At Stanford, 
the first positron beam was achieved in 
1958 on the Mark III l inac, a 350 MeV 
electron beam yielding a few hundred 
positrons per pulse at 200 MeV. This was 
eventually extended to 3 X 10 7 positrons 
per pulse at 60 pulses per second using 
the techniques described below. 

When an electron col l ides with an atom 
in a target (the target usually being des
cribed as a 'converter' when positrons 
are being produced) it is decelerated by 
electr ic f ields in the atom and emits a 
photon. If the incident electron energy is 
sufficiently high, the photon can have an 

energy greater than 1 MeV and can, 
interacting with other atoms in the conver
ter, yield an electron and a positron by 
pair product ion. If the incident electron 
energy is much higher, a cascade occurs 
with successive generations of photons, 
electrons and positrons. An incident elec
tron of 5 GeV such as is currently used for 
positron product ion on the 20 GeV elec
tron linear accelerator at Stanford can 
produce as many thirty low energy posi
trons from the converter. 

The most efficient converters are high 
density materials such as lead and tung
sten (a typical example being a water-
cooled tungsten cylinder, 2 cm diameter 
0.5 cm long) but other materials such as 
copper may be more appropriate for use 
in an accelerator because of heat con
ductivity, radiation resistance, good vacu
um properties and ease of machining. With 
the intense electron beam of the 20 GeV 
machine, the heat problem is considerable 
(200 kW of power) and converters have 
been considered in the form of wands 
dipping into the beam on occasional 
pulses, wheels and brushes rotating 

through the beam, and l iquids f lowing 
through the beam into a heat exchanger. 
The opt imum thickness is that giving the 
maximum number of positrons, but thinner 
converters may be used if relatively high 
energy positrons are required. 

Next comes the problem of catching the 
emerging positrons into a focused beam. 
The accelerat ion process itself gives some 
focusing by reducing the transverse 
momentum as the energy in the forward 
direct ion increases, effectively pull ing the 
positrons towards the axis. Also a co-axial 
solenoid wrapped around the beam pipe, 
to give a magnetic f ield parallel to the 
axis of the accelerator, produces focusing 
when the part icles spiral round in a helix 
of increasing pitch as they are accelerated. 
Such a solenoid is most useful close to 
the converter and a short solenoid (3 to 
10 m long) can be supplemented by 
quadrupole focusing lenses posit ioned at 
careful ly chosen intervals downstream. 

For those interested in further detail on the 
production and use of positron beams, there is 
an article by D. Yount in the February issue of 
'Physics Today' from which much of the above 
information is extracted. 
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RUTHERFORD/ 
DARESBURY 
Changes pending 
On 21 March, Professor B.H. Flowers, 
Chairman of the UK Science Research 
Counci l and delegate to the CERN Counci l 
spoke at the Rutherford Laboratory on the 
country 's future high energy physics pro
gramme and its possible impl icat ions for 
the Laboratory. 

Despite the decis ion of the UK govern
ment, announced in June 1968, not to 
par t ic ipate in the European 300 GeV 
project , it remains the pol icy of the SRC, 
in l ine wi th the pr ior i t ies given by the high 
energy physics communi ty, to press for a 
reversal of this decis ion. However, if the 
UK does jo in in construct ion of the 300 
GeV machine, the SRC has some hard 
decis ions to implement wi th regard to the 
nat ional Laborator ies. To keep the overal l 
growth-rate of expendi ture on high energy 
physics wi th in 4 % per annum whi le par t i 
c ipat ing in the 300 GeV involves cut t ing 
back one or both of the nat ional Labo
ratories — Rutherford Laboratory wi th its 
7 GeV proton synchrotron 'NIMROD' and 
Daresbury Laboratory wi th its 4 GeV 
electron synchrotron 'NINA'. 

This has been known for some t ime, but 
Professor Flowers in his recent talk ind i 
cated where it had been dec ided that the 
axe had to fa l l . The SRC is prepared to 
reduce the operat ion of NIMROD from 1970 
eventual ly c los ing it down in 1975. The 
suppor t ing staff of the Laboratory would 
be reduced to about 800. The Laboratory 
could then serve as a 'staging post ' for 
exper iments to be mounted on the Euro
pean accelerators, and as a centre for 
carry ing out other kinds of research fa l l 
ing under the SRC. 

Without NIMROD the number of high 
energy physicists in the UK who could 
have access to big machines to do their 
research would fal l and thus the high 
energy physics communi ty wou ld have to 
be reduced in number. The SRC wou ld 
help this along by reducing the number of 
research students in high energy physics 
that it supports. Also it could be expected 
that the demand f rom UK physic ists for 
use of European faci l i t ies, wh ich has not 

been very great in the past due to their 
having access to the national machines, 
wou ld grow. 

At Daresbury a change wi l l come in the 
autumn when Professor A.W. Merr ison, 
who has been Director of the Laboratory 
since it came into being, moves to Bristol 
University to take up an appointment as 
Vice-Chancel lor . Professor Merr ison was 
seconded f rom Liverpool University in 
1962, init ial ly for f ive years, to d i rect 
construct ion of NINA. When the machine 
came into operat ion at the end of 1966, he 
stayed for the start of the exper imental 
programme. 

Professor Merr ison is wel l known at 
CERN where he d id research in one of the 
f irst exper imental teams. Since returning 
to the UK he has been a frequent visitor, 
serving, for example, on the 300 GeV 
Steer ing Commit tee and on the Scient i f ic 
Pol icy Commit tee. His many fr iends wish 
him every success in his new appointment 
and add their congratulat ions on his 
e lect ion in March as a Fel low of the Royal 
Society. 

DUBNA 
Council Session 
The 25th Session of the Scient i f ic Counci l 
of the Joint Insti tute for Nuclear Research, 
Dubna, has recently taken place. The 
Insti tute's Directorate and the Directors of 
the six separate laborator ies reported on 
the research undertaken by the Organi 
zation and the development of international 
relat ions dur ing 1968. The plans for the 
coming year were also reviewed. 

The Insti tute's physicists have been 
involved in the f irst exper iments on the 
76 GeV accelerator at Serpukhov. Results 
have been obtained on proton-proton 
scatter ing over a range of energies that 
had not hi therto been invest igated. The 
i rradiat ion of photographic emulsions has 
been carr ied out for the f irst t ime in pion 
beams wi th an energy of 40 and 60 GeV. 
The exposed photographic emulsions have 
been d ispatched to laborator ies in the 
part ic ipat ing countr ies of JINR for pro
cessing. Apparatus is being prepared for 
a whole series of other exper iments. The 
2 m propane bubble chamber has been 

t ransferred to Serpukhov and is being 
assembled in the pion beam. 

The development of faci l i t ies for auto
mating the exper iments and of the 
associated computer techniques has 
cont inued. The organizat ion of measure
ment centres in all exper imental labo
ratories of the Insti tute has been com
pleted. A new powerfu l computer has been 
brought into opera^on and wi l l be equip
ped to use FORTRAN. 

Improvements have been carr ied out to 
some of the main instal lat ions of the JINR 
(see CERN COURIER vol . 9, page 46). The 
mul t ip ly-charged ion cyclot ron has been 
rebuil t wi th a pole d iameter of 200 cm, 
and brought into operat ion. Assembly work 
is in progress on the reconstructed model 
of the pulsed reactor for high-speed 
neutrons, the average power of wh ich has 
been increased to 20 kW. At the synchro
phasotron the ef f ic iency of the fast e ject ion 
of the proton beam has been increased to 
8 0 % . Work has been completed on the 
meson channel of the synchro-cyc lot ron 
result ing in a threefo ld increase of beam 
intensity. A pro ject for a h igh-power 700 
MeV phasotron has been f inal ized and its 
main components are being designed. A 
new type of cyc lo t ron has been proposed 
wh ich wi l l make it possible to obtain 
beams of several types of part ic le (pro
tons, deuterons, a lpha-part ic les, l i thium 
nuclei) wi th a high energy resolut ion (up 
to 10~4) and intensity (100 y^A). 

On the subject of internat ional relat ions, 
Dubna physicists are carry ing out, in co l 
laborat ion wi th physicists f rom national 
laborator ies of other countr ies, more than 
200 exper iments. In 1969, the Institute is 
organiz ing a number of internat ional 
conferences, among which are a School 
on Nuclear Physics in Alushta (USSR) and 
a Seminar on Nuclear Electronics in Varna 
(Bulgaria). The JINR is also organis ing for 
leading scient ists, in col laborat ion with 
CERN, a Seminar on the future develop
ment of high energy physics. 

Appointments 

The Counci l re-elected for a further two-
year per iod Professor N. Sodnoma (Bul
garia) as Deputy Director of the Institute. 
Another re-elect ion was that of Professor 
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A general view of the electron ring accelerator at 
Dubna where research on this new acceleration 
technique was initiated. The electron beam 
comes in from top left to the compressor (top 
narrow cylinder). There electron rings are 
formed, compressed and filled with protons. The 
compressed rings are then accelerated along the 
long cylinder. 

At the Washington conference in March it was 
reported that particles had been extracted from 
the compressor but it remained to be analyzed 
whether these were electron rings still holding 
protons. 

(Photo Dubna) 

A.M. Baldin as Director of the High Energy 
Laboratory. 

First experiments with 70 GeV protons 

A group of Dubna physicists is carrying 
out, in collaboration with staff of the 
Institute of High Energy Physics (Ser
pukhov), investigations on elastic scatter
ing of protons on protons in the 10-70 GeV 
range.Two types of target are used: a thin 
polyethylene fi lm and a localized stream 
of hydrogen gas. The electronic of the 
detectors are linked directly with a 

computer. The relative accuracy achieved 
in measuring the differential cross-section 
is about 3 % . 

At the present time, the experiment on 
the diffraction cone in proton-proton 
scattering is being completed. It has been 
confirmed that the effective radius of the 
proton in the 10-70 GeV range increases 
with energy. This information is important 
for verifying certain theoretical concepts. 
The next steps in this work wil l be 
measurements at very small angles, where 
Coulomb scattering is substantial. 

New Acceleration Methods 

At the request of the JINR, the Soviet 
government has supported the establish
ment of a new department in the Institute 
to study new methods of acceleration. The 
department was set up by the laie V.I. 
Veksler and is at present directed by his 
pupil V.P. Sarantsev. Research is being 
carried out on the collective melhod for 
accelerating charged particles (known as 
the 'Electron Ring Accelerator', see CERN 
COURIER vol. 9, page 401). At present, 
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Dubna has obtained the f irst results in 
accelerat ing an annular cluster. 

Research on this new method indicates 
that it may be possible to bui ld an acceler
ator for mul t ip ly-charged ions wi th an 
energy of 5 to 10 MeV/nucleon and an 
intensity of up to 10 1 4 ions/s, as wel l as a 
proton accelerator wi th an energy of .1 to 
2 GeV having a beam intensity of up to 
10 1 5 protons/s. Extension of these f igures 
show the great possibi l i t ies wh ich may be 
offered to physicists by the development 
of this new method of accelerat ion. 

Ultracold neutrons 

Theoret ica l work has shown that neutrons 
wi th very low veloci t ies — up to several 
metres per second (ul t racold neutrons, 
UCN) — should exper ience total internal 
ref lect ion wi th in a vacuum vessel at any 
angle of inc idence. These neutrons can 
thus be accumulated and kept in an en
c losed space. An exper iment was set up 
at the pulsed reactor to study these UCNs. 
A copper vacuum tube 10 cm in d iameter 
and 10 m long was inserted between the 
act ive zone of the reactor and the exper i 
mental hal l . For copper, the l imit ing 
veloci ty of the neutrons exper ienc ing total 
internal ref lect ion is 5.7 m/s. The detector 
was located outside the di rect path of the 
beam. The reactor was operated at 1 pulse 
per 5 s wi th an average power of 6 kW. 
Count ing of the neutrons began 1 s after 
the reactor pulse, and the UCN count ing 
speed was 0.01 pulses per second. The 
count ing speed dropped to half this value 
when the tube was f i l led wi th hel ium at a 
pressure of 1 torr, wh ich corresponds to a 
neutron di f fusion t ime in the tube of 250 s. 
The results of the exper iments make it 
possible to plan del icate exper iments using 
UCNs for the measurement of the half-
life of the neutron and its e lectr ic d ipole 
moment. 

Ultra-heavy elements 

The existence has been predic ted of a 
range of heavy elements, beyond those 
observed sor far, which could be relat ively 
stable wi th respect to spontaneous f iss ion. 
Last year, in their studies of the compo

sit ion of cosmic rays, Brit ish physicists 
d iscovered bracks of heavy part ic les on 
photographic emulsions with a charge of 
106 to 110. 

At Dubna, exper iments have searched 
for spontaneous f ission in lead. Layers of 
lead were placed for long periods in con
tact wi th d ie lectr ic detectors (mylar, 
g lass); in other exper iments lead was bui l t 
in to the detectors (crystal, lead glass). 
About 100 events of possible spontaneous 
f ission of the lead were recorded. A 
possible explanat ion for the data obtained 
is that the effect is caused by the spon
taneous f ission of nuclei of an ul tra-
heavy element (114) which is the chemica l 
analog of lead, and which could be present 
as a very small impuri ty (10~ 1 2 to 10~1 3) in 
ordinary lead, having a spontaneous f ission 
rate of 10 8 to 10 9 years. 

Muon capture 

Studies have been carr ied out over a 
number of years at the synchro-cyclot ron 
concern ing the processes by which neu
trons emerge dur ing the capture of muons 
by nucle i . It had been previously noted 
that there was large asymmetry in the 
escape of neutrons in these processes, 
and the energy dependence of the 
asymmetry was measured. 

In order to study the mechanism of 
muon capture and interpret the anomal ies 
observed, a new exper iment was carr ied 
out in wh ich careful measurements were 
made of the neutron spectra in the 1.5 to 
14 MeV range. With the resolut ion achieved 
in the exper iment (about 0.5 MeV for the 
neutron energy) the spectra relating to 
neutrons obtained dur ing the capture of 
negatively charged muons by sulphur and 
ca lc ium were found. 

Peaks in the measured spectrum for 
muon capture in sulphur and ca lc ium are 
the f irst d i rect proof of the format ion, dur
ing muon-capture, of exci ted states, con
f i rming the conclusions of a theory of 
' resonance' absorpt ion of muons by 
nuclei , put forward by Soviet theoret ic ians. 
These data show that there exists an 
interest ing possibi l i ty of studying, these 
states of nuclei by means of muon capture. 

ITEP Moscow 
Experimental Programme 
The Institute of Theoret ica l and Exper i 
mental Physics, Moscow, has faci l i t ies for 
research in h igh energy physics and in 
nuclear physics. The nuclear physics is 
carr ied out on a heavy water reactor 
(neutron f lux 10 9 /cm 2 s) and on a small 
cyc lo t ron. A major achievement has been 
the observat ion of pari ty non-conservat ion 
(occurr ing at the rate of 1 in 105) using the 
capture of polar ized neutrons in cadmium 
114 and looking at the emit ted gamma. (A 
simi lar elegant exper iment was carr ied out 
at Leningrad looking at the c i rcu lar po lar i 
zat ion of gammas.) 

The high energy physics programme is 
centred on a 7 GeV proton synchrotron 
which came into operat ion in 1961. It is an 
al ternat ing gradient machine with f ie lds 
rising f rom 90 G at in ject ion (from an elec
trostat ic in jector at 4 MeV) to 9.5 kG at 
ful l energy. The d iameter is 80 m and the 
vacuum vessel aperture 8 X 1 1 cm. It is 
now operat ing at an intensity of 4 X 10 1 1 

protons per pulse and a pulse rate of 1 
per 4 s. 

A Dubna/ITEP team are using a 150 l i tre 
xenon bubble chamber to look at the 
decay of the long-l ived neutral kaon into 
two neutral pions (a s imi lar exper iment to 
the CERN/Ecole Polytechnique/Orsay ex
per iment reported at Vienna — see CERN 
COURIER vol . 8, page 243). They hope to 
have taken 600 000 pictures by the end of 
this year, 100 000 are already being 
measured. If r\oo, the parameter over 
wh ich considerable exper imental conf l ic t 
reigns at present, has the value of 2, as 
predic ted by the superweak theory, then 
about 120 pictures of the decay should be 
observed. 

A few weeks ago a 2 m hydrogen 
chamber came into operat ion and is being 
used ini t ial ly wi th negative pion beams. 

Among the spark chamber exper iments 
is a survey of backward charge exchange 
scatter ing over the range 0.5 to 3.8 GeV/c 

j t " + p - > j t ° + n 

A missing mass spectrometer uses a 
negative pion beam to look for negative 
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1. A magnet cycle of the Bevatron showing three 
long spills at different energies (for BeV, 
Europeans read GeV). The current fed to the 
accelerator (in amperes) is plotted on the y-axis. 
The repetition rate in this mode of operation is 
8 cycles per minute. 

2. Another magnet cycle giving two fast pulses 
for a bubble chamber followed by two long spills 
at different energies. The repetition rate is here 
10 cycles per minute. 

(Diagrams LRL) 

bosons and another large magnet ic 
spect rometer is studying rho product ion. 
Th is spectrometer has a magnet ic f ie ld 
vo lume 3 X 0.8 X 0.5 m 3 in wh ich spark 
chambers are instal led. 

The Institute also takes part in research 
at the Serpukhov 76 GeV accelerator . 
Four exper iments involving ITEP are a l 
ready planned. The first (almost ready) wi l l 
look at p ion-proton and pion-neutron 
scat ter ing 

jt~ + p - > JC° + n 
JT" + n - > JT~ + n 

The second wi l l take a 60 GeV/c negative 
p ion beam into a huge magnet ic spect ro
meter, 6 X 1.5 X 0.7 m 3 . Opt ica l spark 
chambers wi l l be instal led in the f ie ld 
vo lume and a mirror system wi l l br ing the 
informat ion f rom the chambers through 
twelve apertures in the upper yoke of the 
magnet onto f i lm. The spect rometer wi l l 
be completed in a few months t ime. 

The th i rd exper iment wi l l be a survey of 
polar izat ion, A and R parameters using 
pion, kaon and proton beams onto a 
polar ized proton target (an organic target 
rather than the convent ional LMN target) . 
Wi re spark chambers wi l l be used among 
the detectors. This exper iment is schedu
led to start at the end of this year. The 
four th exper iment is in the early p lanning 
stage and wi l l not start unti l 1971. It w i l l 
be a survey of the neutron-proton inter
act ion at high energy. 

BERKELEY 
Bevatron control 
The successful complet ion of two inde
pendent contro l pro jects has given new 
capabi l i ty and more f lexib i l i ty in the 
operat ion of the 6 GeV Bevatron at the 
Lawrence Radiat ion Laboratory, Berkeley. 
The projects have concerned (1) gym
nast ics wi th the power pulse to the 
accelerator magnets to give a variety of 
condi t ions under wh ich the accelerated 
beam can be used, and (2) computer 
contro l of an ejected proton beam. 

A new method of produc ing the f lat- top 
pulse has resulted in a substant ia l im
provement in f lat- top modes of operat ion. 
Pulse lengths of up to 2 s are now common 

pract ice and various combinat ions of 
' f ront-porch ' , ' f lat- top' and 'back-porch ' 
pulses are f lexibly achieved. (Two such 
combinat ions which have been used 
recently are shown in the diagrams). These 
terms, wh ich come from the shape of 
the current pulse fed to the accelerator 
magnets (they can be deduced f rom the 
diagrams) refer to the condi t ions when the 
current and thus the magnet ic fi,eld is held 
vir tual ly constant for a t ime, as is required 
when part ic les are being ejected f rom the 
machine. To be able to produce a variety 
of tops and porches means to be able to 
produce, in one machine cycle, e jected 
beams of a variety of energies lasting for 
a variety of t imes. 

In the previous method of operat ion, 
one of the two Bevatron al ternators was 
inverted at the start of f lat- top, the other 
remaining in the rect i f icat ion mode. Conse
quently, power was exchanged between 
the two machines dur ing f lat- top. The roles 
of the two al ternators were reversed every 
other pulse so that the average speeds of 
the two machines remained the same. 

In the new scheme, the al ternators and 
the power converters habe been connected 
in a di f ferent way so that power is not 
exchanged between the two machines. 
The advantages are a substantial reduc
t ion in the cycl ic stress on the rotat ing 
parts of the generator (a very desirable 
advantage in view of the t roubles ex
per ienced in the past at many Labo
ratories wi th these heavily burdened 
machines) and a greatly improved f lex i 
bi l i ty in the pulse programme. 

In February, an on-l ine computer contro l 
system was brought into operat ion on a 

dual-channel e jected proton beam (EPB) 
wh ich has 16 pulsed magnets. It provides 
cont inuous up-dat ing (every 3 ms) of the 
currents in each of the magnets and 
al lows independent operator control of the 
s lope and magni tude of the current wi th in 
each of the beam spi l l zones ( f ront-porch, 
f lat- top, back-porch) . Perturbat ions in the 
magnet currents make it possible to have 
several modes of operat ion, such as fast 
spi l l for bubble chambers and beam swi tch
ing between the two EPB channels. 

The automat ic contro l system has 
worked very wel l and wi th this success 
behind them the Bevatron team intend in 
the near future to apply the techniques of 
computer contro l to the main magnet 
power supply. It wi l l then be possible for 
the accelerator guide f ie ld programme to 
be readi ly adjusted and opt imized for 
each desired operat ing condi t ion. 

Further plans for computer contro l 
involve an extension of the present e jected 
beam contro l to inc lude the d.c. magnets 
of the dual channel system, and ten pulsed 
magnets of a new EPB (septum channel) 
wh ich is now being developed from the 
second focus of EPB channel I. 
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I N T R O D U C I N G 
OMIMl lOg iC I : THE WORLD'S FIRST ALL-IC FAST LOGIC SYSTEM 

• A totally new approach to fast logic for high-energy instrumentation (not 
just conventional circuits repackaged using IC's). 

• Less than half the cost of conventional instrumentation — $10 (or less) per 
incremental logic decision. 

• Circuit elegance afforded by unique system concept permits fewer, simpler, 
more reliable modules. 

• All NIM-compatible signal levels. 
• Built-in test pattern generators. 
• Outputs organized for scalers, computers, magnetic tape recorders. 
• Even faster than conventional 200 MHz logic systems — speed achieved 

through highly parallel computer-type logic. 
• Simple, clean setup and operation; simultaneous analysis of background 

events; free of the propagated, compounded timing inaccuracies and dead-
time effects inherent in conventional fast logic systems. 

A totally different concept. Send for product literature on: 

LeCROY RESEARCH SYSTEMS 
C O R P O R A T I O N 
Rte . 3 0 3 . W . Nyack, N.Y. 1 0 9 9 4 • (914) 3 5 8 - 7 9 0 0 
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Partial Pressure 
Measuring 
Instrument 
QMG101 
Sensitivity 10~1 3 - 1CT14 Torr 
Mass range 1—400 

— Accurate and rapid residual gas ana
lysis in high and ultra-high vacuum 
systems; 

— Measurements in space simulation 
chambers and particle accelerators; 

— Residual gas measurements in work 
processes; 

— Leak detection in high and ultra-high 
vacuum systems. 

. . . a few typical fields of application 
where partial pressure measurement is 
particularly useful. 
For many requirements of research, and 
to an increasing extent in industrial pro
duction, accurate and rapid information 
on the gas composit ion in high and 
ultra-high vacuum equipment is essen
tial. A high standard of efficiency is 
required of the measuring instruments. 
In view of the very wide field of appli
cation, greater reliability in operation, 
more compact construction and simpli
city of operation and maintenance are 
expected. 

BALZERS partial pressure measuring 
instrument QMG 101, which symbolises 
our many years of experience, satisfies 
these requirements to a large extent. 
With this instrument residual gases can 
be analysed rapidly, reliably and with 
high sensitivity; as a quadrupole mass 
spectrometer, it works on the principle 
of mass separation in the high fre
quency, electrical quadrupole f ield. 

Major features of the QMG 101 
— Two mass ranges can be selected: 

1 to 100, 10 to 400. 
Choice of mass setting. 

Any mass number can be selected, 
linear throughout the whole range or 
partial range in fuely staged scanning 
speeds. 

— Partial or total pressure measurement. 
— Sensitivity to 1000 A/Torr (with multi

plier). 
— Secondary electron multiplier (multi

plier) for improving the sensitivity and 
oscil lographical recording of rapidly 
changing processes. 

M 
- G o o d resolution 10%> = 100) 

The resolution can be readily adjusted 
to suit particular problems and repro
ducible setting. 

— The analyser can be baked-out up to 
400° C. The high precision rod system 
provides perfect and reproducible 
mass separation, and can be very 
easily dismantled and re-assembled if 
necessary. 

— Open, immersion ion source, which 
can be effectively out-gassed by ion 
bombardment. The hot cathode is pro
tected against excessive pressure 
rise, and can be changed without ad
ditional adjustment. 

— Very compact construction; the com
plete supply and control instrument is 
contained in only one 19" rack unit. 

— Indicating instruments and controls 
are clearly visible for simplicity of 
operation. 

— The instrument is non-magnetic and 
therefore free from stray magnetic 
fields. 

BALZERS will be pleased to supply full 
details. 

HIGH VACUUM TECHNIQUE 

BALZERS AKTIENGESELLSCHAFT 
fur Hochvakuumtechnik und Dunne Schichten 
FL-9496 Balzers • Furstentum Liechtenstein 

BALZER5 I 
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DATA ACQUISITION 
SYSTEMS FOR HIGH 

ENERGY PHYSICS 
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1148 DIGITAL SPARK CHAMBER SCALER UNIT 
• Switch select any combination of scalers 

per unit—2/48, 4/24, 6/16, 8/12 
• High adjacent pulse resolution with digital 

pulse center finder 

1148 AS ACCUMULATION SCALER UNIT 
• 48, 24 binary bit, 40 MHz sealers-positive 
„ and negative input 
• Fully computer controllable-random access 

or sequential readout, individual group start 
and stop 
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1100/1200/1300 SERIES DATA ACQUISITION, 
CONTROL AND READOUT INTERFACE UNITS 
• Digital multiplexing, scanning and output 

device interfaces ranging from typewriters 
to computers 

S C I E N C E A C C E S S O R I E S C O R P O R A T I O N 
65 STATION STREET / SOUTHPORT / CONNECTICUT / 06490 / USA / PHONE 203-255-1526 

A SUBSIDIARY OF AMPEREX ELECTRONIC CORPORATION 
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HAMNER 
ELECTRONICS CY. 
INC. annouces that It 
has begun the 
manufacture of high 
energy physics 
electronic 
instrumentation. 
HAMNER's initial 
contribution to the 
field will consist of a 
series of five 
compatible instruments 
aimed at providing 
maximum performance 
and versatility at 
lowest cost. 
The five instruments 
in NIM standard, are 
logic instrumentation 
including fanout, gate 
interface, logic 
interface, logic unit and 
discriminator, all of 
which have the 
capacity to accept 
signals varying from 
DC to 200 MHz. 

HARSHAW CHEMIE 

N.V. 

Strijkviertel 95 
DE MEERN 
Tel. (03406) 22 44 

HARSHAW CHEMIE 

GMBH 

Wiesenau 2 
6 FRANKFURT (M) 
Ruf. (0611) 72 74 18 
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un nouveau détecteur 97.43 kev 

de rayonnement X en Geau 
associé à un préamplificateur à effet de champ refroidi. 

Très bonne résolution : 0,8 keV sur la raie de 97 keV du 1 5 3 Gd 

Ce détecteur est présenté au rayonnement sans fenêtre d'entrée, 
à l'exception de celle du cryostat en beryllium (250 y.) 
Autres détecteurs Ge(Li) : plans et coaxiaux de grands volumes 
double drift anti-Compton détecteurs puits. 
Electronique associée en standard Esone ou NIM. 

a new Ge(Li) detector 
for X-rays 
connected to a cooled FET preamplifier. 

Very high resolution : 0,8 keV for 97 keV ( 1 5 3 Gd) 

No entrance window except the beryllium one of the cryostat (250 n.) 
Other Ge(Li) detectors : planar and large volume coaxial 
double drift anti-Compton well detectors. 
Related electronics in Esone or NIM standard. 

0.8 keV 

41.54 keV 

47.1 keV 

.48.2 keV 62.6 keV 

97.43 keV 

0.8 keV 
103.2 keV 

1 

S O C I E T E D ' A P P L I C A T I O N S I N D U S T R I E L L E S DE LA P H Y S I Q U E 
38, rue Gabriel Crié, 92, Malakoff, France, téléphone 253 87 20 +, adresse télégraphique : Saiphy Malakoff 
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les chambres à fils 
en régime proportionnel 
ouvrent des horizons nouveaux 
CARACTÉRISTIQUES 
Temps mort inférieur 
à 10-6 seconde par fi l. 
Résolution meilleure 
que 150 manosecondes. 
Auto-déclenchement. 
Sorties logiques fil par fi l. 
Possibilité de coïncidences 
avec une autre chambre 
ou un détecteur. 

APPLICATIONS 
Détection sélective des particules 
en fonction de leur pouvoir d'ionisation 

Basses énergies : 
Plan focal de spectrometry 
Localisation spatiale 
de rayons X et de neutrons. 
Chromatographie p. 

Hautes énergies : 
Localisation de traces. 
Hodoscope 
à faible pouvoir d'absorption. 

new possibilities 
with multiwire 
proportionnai chamber 
CHARACTERISTICS 
Dead time below 10-6 second per wire. 
Time resolution better 
than 150 manoseconds. 
No triggering DC high voltage. 
Logical output for each wire. 
Possibility of use in coincidence 
with other chamber or detector. 
APPLICATIONS 
Detection selectivity for particles 
of different ionizing power. 

Low energy physics : 
Localisation in focal plan of spectrometer, 
Mapping in spatial distribution 
of X-rays and neutrons, 
p chromatography. 
High energy physics : 
Localisation of particle trajectories. 
Hodoscope with low superficial weight. 

S O C I E T E D ' A P P L I C A T I O N S I N D U S T R I E L L E S DE LA P H Y S I Q U E 
38, rue Gabriel Crié, 92, Malakoff, France, téléphone 253 87 20 +, adresse télégraphique : Saiphy Malakoff 
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for each 
scaling problem 

...a specific solution 

300 SYSTEM 

A general purpose modular set of scalers 
for nuclear and particle physics containing 
a wide range of scalers with and without 
visual display - 50 - 100 MHz 
Ali E.C.L. and T.T.L. integrated circuits 

SPADAC SYSTEM 

A data acquisition system for spark chamber 
and hodoscope experiments and for exper
iments which demand large quantities of 
data. All binary counting for efficient real 
time computer work. Built-in event rejection 
criteria and automatic computer controlled 
testing. All T.T.L. integrated circuits. 
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for all systems... 

E L E C T R O N I Q U E 
offers an extensive choice of recording, 
storage and data transfer equipment. 

Representatives throughout Europe 
and The United States 

31 Av. Ernest-Pictet 
1211 GENEVA 13/Switzerland 
Tel. (022) 44 2940 



The HIDAC system is applicable to spark chambers, hodoscopes, 

spectrometers and time-of-flight measurements. The system is kept up 

to date with the passage of time by the continual introduction of new 

modules to help automate and expand your equipment. 

HIDAC now includes the Analogue-to-Digital Converter 954 

HIDAC 
means easy 
and reliable 
high speed 
data 
acquisition! 

The ADC 954 has been special ly 
developed for the analysis of 
pulse height informat ion as wel l 
as pulse width in t ime of f l ight 
measurements. By vir tue of its 
fast input stretcher, it may be 
used f rom the nanosecond range 
up to dc levels. Input charge can 
be selected in five ranges f rom 
70 to 1400 pC corresponding to 
700 mV NIM pulses of 5,10, 20, 50 
and 100 ns. The input stretcher 
has a resolut ion of 5 ps and its 
output can be moni tored with an 
osci l loscope at the s low input. 
The slow input accepts pulses 
f rom 400 ns length up to dc le
vels. Al l c i rcui t ry is dc-coup led 
throughout enabl ing measure
ments in many other f ields to be 
also undertaken. Gain is cont ro l l 
able over 0 to 100% and the in 
put impedance is 5 kohms in the 
50 mV range and 100 kohms in 
the 1 V range. Conversion rate is 
100 MHz and conversion gain is 
64, 128, 256, 512 or 1024 chan
nels. The unit is housed in a 
double width AEC/NIM module. 

The HIDAC Data Acquis i t ion Sys
tem is designed for col lect ion of 
all data in exper imental high and 
low energy nuclear physics. Ma
ny special units are available for 
part icular appl icat ions, such as 
record ing of data f rom spark 
chambers, Hodoscope-arrays, 
t ime-of- f l ight measurements, pu l 
se-height informat ion and count
ing-rates up to 100 MHz. This 
equipment was conceived f rom 
the many special units over the 
last few years, together with the 
latest requirements for ON-LINE 
cont ro l . Our programme does not 
only consist of a single compo
nent for the system, but we have 
a ful ly integrated range f rom 
spark chambers to interface of 
computers . We do not c laim to 
have developed this system en
t i rely ourselves, but wi th the help 
of our many customers it there
fore covers most the require
ments in the f ie ld. 

On the left one of the modules 
is in t roduced. 

Great Britain: 35 High Street, Shoreham-by-Sea 
Sussex BN4 5DD 
Tel: Shoreham-by-Sea 5262 Telex: 87274 
Germany: Verkaufsbûro Munchen, Kaiserstrasse 10 
8000 Mùnchen 23 
Tel: 34 80 16 
France: Numelec, 2 Petite Place, 78-Versailles 
Tel: 951-29-30 

Switzerland: P. O. Box, 4500 Solothurn 2 
Tel: (065) 4 88 21, Telex 34228 



RELAIS Que votre problème de mesure 
soit analogique ou digital 

c'est l'affaire de 
SCHLUMBERGER! 

Oscilloscope 
double trace 
mod. C D 1400 

D'une concep t ion modula i re , ce t osc i l l oscope est d i spo 
n ib le avec 9 t i ro i rs in te rchangeab les . Largeur de bande 
DC-15MHz, sens ib i l i té max. 100 fxv/cm. 

Multimètre 
numérique 
mod. A 1613 

Ce cont rô leur universel d 'un prix par t i cu l iè rement avan
tageux d ispose de 6 f onc t i ons : vo l tmèt re (AC et DC) , 
ampèremèt re (AC et DC) ohmmèt re et capac imèt re . Sur 
demande l 'apparei l est muni d 'une sor t ie pour impr imante . 

Suiveur de spot 
enregistreur 

L'enregis t reur Photodyne à asserv issement pho to 
é lec t r ique est dest iné à suivre avec une grande f idé l i té 
les dép lacements d'un spot lumineux, v i tesse de poursu i te 
800 mm./s., 10 v i tesses de pap ie r de 0,5 à 500 mm./min. , 
1 ou 2 canaux. 

SCHLUMBERGER 
INSTRUMENTATION S.A. 

G E N E V E 

Z U R I C H 

15, rue du Jeu de l'Arc, 1211 G E N È V E 6 Tél . (022) 35 99 50 

333, Badenerstrasse 8040 Z U R I C H Tél . (051) 52 88 80 

Rela is « R e e d » , c o n c e p t i o n nouvel le , R E L R-10 

• Relais miniature polarisé 

• Encombrement 
1 0 X 1 0 X 2 0 mm 

• 1 double contact inverseur 
au rhodium 

• Temps de réponse 
ext rêmement court 

• Compensé en température 

• Exécut ion mono- ou bistable, 
1 ou 2 bobines 

• Prix modiques 

Relais « R e e d » , types A R I D e t E R I D 

• Pour courant cont inu 

• Contacts «Dry-Reed» 
ou mercure 

• Jusqu'èrô contacts de travail 
ou inverseurs 

• Commutat ion très rapide 

• Haute sensibi l i té 
• Connexions pour c i rcui ts 

impr imés 

Relais microrupteurs t y p e R E L 20 

• Pour courant cont inu ou 
alternat i f 

• Faible encombrement 
2 0 X 2 0 X 2 4 mm 

• 1 ou 2 contacts inverseurs 
6 A 250 V ^ 

• Connexions : 
par soudure 
par c l ips (p. ex. AMP-110/0,5) 
pour c i rcu i ts impr imés 

Relais miniatures K 40 

• Contact s imple ou double 

• 2 à 6 contacts inverseurs 

• Haute f iabi l i té 
• Pour courant cont inu 

ou alternati f 

• PRIX TRÈS MODIQUES 

• EXÉCUTIONS COURANTES 
LIVRABLES DE STOCK 

Rela is industriels R E L 60 

• Ut i l isat ion universel le 
• Contacts 6 A 250 V ^ 

jusqu 'à 20 lames 

• Contacts 0,5 A 60 V ^ 
jusqu 'à 30 lames 

• Contacts en dif férents 
matér iaux 

• Adaptés à toutes exigences 

• Exécut ion pour courant 
alternati f avec redresseur 

• Embrochable, sur demande 

E R N I + Co. E l e k t r o - I n d u s t r i e 
C H - 8 3 0 6 B r u t t i s e l l e n - Z ù r i c h 
T e l e p h o n 0 5 1 / 9 3 1 2 1 2 
Te lex 5 3 6 9 9 
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or play it at room temperature, there's a Simtec preamplifier designed 
exactly for your particular experiment. To give optimum no-compromise 
resolution for each combination of detector temperature, leakage and 
capacity, Simtec's new, expanded P-11 line comes in six models: 

P-11-HRCN: Ultimate resolution with cooled FET, cooled low-capacity detectors. 
P-11-LSCN: Optimum resolution with cooled FET, cooled high-capacity detectors. 
P-11-HR: Best for room temperature FET, cooled low-capacity detectors. 
P-11-LS: Best for room temperature FET, cooled high-capacity detectors. 
P-11-PN: Specially designed for high-capacity detectors up to 1,000 pf. 
P-11: Still the best basic low-noise FET preamplifier. 

Another point to remember: All P-11 models conform exactly to TID 20893 
recommendations. Write for our data sheets or ask for a demonstration. 

simtec ltd. 
3400 Metropol i tan Blvd. East, 

Montreal 455, Canada 
Telephone (514) 728-4527 

Swiss Agents : HIGH ENERGY AND NUCLEAR EQUIPMENT S.A. 
— 2, chemin de Tavernay - GRAND-SACONNEX - 1218 GENEVA - Tél. (022) 34 17 07/34 17 05 
— CASTELLANA HILTON - MADRID - Tél. 410 02 00/250 40 26 



EEV glass and ceramic hydrogen thyratrons are 
extensively used to provide more precise and 
efficient high speed swi tching. Here are some of 
the reasons w h y : 
1 Their short anode delay time of between 20 
and 120 nanoseconds depending on triggering 
method. 
2 Low jitter generally of 1 to 2 nanoseconds but 
down to less than i nanosecond depending on 
heater supply. 
3 The negligible change in anode delay t ime— 
typically only 10 nanoseconds over a long period 
of use. 
4 A high peak inverse voltage capability of 20kV 
immediately fo l lowing pulse. 
5 The low trigger power required. 
6 The wide operating voltage range of 1 kV-120kV 
w i th four tubes. 
7 The ability to control anode delay time and rise 
t ime of current, using reservoir. 
8 The wide reservoir range for maintenance of 
gas pressure typically 4.5V to 5.7V. 
The standard range plus EEV's ability to meet 
special requirements means that virtually any 
high speed switching application can be met. 
Here are a few : 
Radar modula tors w i th a system output power 
of 1 0 k W - 1 0 M W . 
Medica l l inear accelerators w i th RF 
accelerating powers up to 1 5MW. 
Part ic le l inear accelerators w i th RF 
accelerating powers up to 50MW. They may also 
be used in first-stage particle beam choppers. 
Part ic le beam benders where a network of 
stored energy needs to be discharged into a 
deflection coil or other device somewhere on the 
accelerating ring. 
Spark chambers 
For pulsing l ight shut ters such as Kerr or 
Pockel cells. 
Electronic c rowbars and energy diverters 

EEV thyratrons 
for better 
high speed 
switching 

English Electric Valve Co Ltd 
Chelmsford Essex England Telephone: 61 777 
Telex: 99103 Grams: Enelectico Chelmsford 
Represented by : 
Roschi Telecommunication A.G. 
Giacomettistrasse 1 5, P.O. Box 63. 3000 Bern 3 1 , 
Tel : (031) 44-27-11 Telex: 32-1 37 

Please send me full data on your complete range of glass and ceramic hydrogen thyratrons 

NAME POSITION 

COMPANY 

ADDRESS 

TELEPHONE NUMBER EXTENSION 

CC 2 AP 359 

Brief data on some 
of the ceramic types 
available. 

Send for ful l details 
of the complete range 
of EEV thyratrons. 

I am particularly 
interested in using a 
thyratron wi th the 
fo l lowing parameters: 

Appl icat ion 

Peak power output 

Peak forward voltage 

Peak anode current 

Peak , Peak Peak Mean 
power forward anode anode 
output Heating voltage current current 

Type max Factor max max max 
( M W ) (V.A.p.p.s.) (kV) (A) (A) 

CX1154 5O0 30 x 10 9 40 2500 3.0 
CX1157 3 1 5 7 x 1 0 9 20 350 0.35 
CX1168 100.0 7 0 x 1 0 9 80 2500 2.5 
CX1171 150 70 x 10 9 120 2500 2.5 
CX1174 1_20 60 x 10 9 40 6000 6.0 
CX1175 200 1 4 0 x 1 0 9 80 5000 6.0 
CX1180 1 Z 5 9 x 1 0 9 25 1000 1.25 



High Energy & Nuclear Equipment SA 
COMPANIES : 
NUCLEAR ENTERPRISES LTD, LABEN, SIMTEC, C.S. ITALIA, LAN-
ELECTRONICS LTD, COMPUTER INSTRUMENTATION LTD, JOHNSTON 
LABORATORIES INC, SCIENTIFIC RESEARCH INSTRUMENTS CORP., 

ELECTRONICS & ALLOYS INC., THE CYCLOTRON CORPORATION. 
EQUIPMENT : 
Whole Body Monitors and Scanners ; 2, 3 and 4 channel Renography Systems ; 
400 Automatic Sample Changers ; Shielding (Caves and Rooms) ; Health Phy
sics, Radiological and Modular NIM Instruments; Ultrasonic Medical Systems; 
Multichannel Analysers ; Computer Interfaces (ADC's) ; Gamma Cameras ; 
Incremental Plotters ; Data Systems ; Semiconductor Silicon and Germanium 
Detector Systems ; All kinds Radiation Detectors ; Hospital, University, Re
search and Therapy Cyclotrons; Precision Scientific and Nucleonic Instruments; 
Nuclear Medical Diagnostic Equipment. 

By 

Telephone 

Your 

First 

Contact 

wil l be 

with : 

Charlotte Graf, Geneva 
2, chemin de Tavernay 
Telephone : 022/34 17 07/05 

Yvonne Johnson, Madrid 
Castellana Hilton Hotel 
Tel. 410 02 00/250 40 26 

they are backed by a large number of Physicists, Chemists and Engineers. 

tNVIlAHON 
ONZIÈME TABLE RONDE DE LANGUE FRANÇAISE SUR L'EXPLORATION 
FONCTIONNELLE PAR LES ISOTOPES RADIOACTIFS, LAUSANNE 29 Mai -
1er Juin 1969 (Dr. B. DELALOYE, HÔPITAL NESTLÉ). 
HENESA & NUMELEC (French agent for majority of same companies) staff 
wil l demonstrate and discuss gamma camera, body counters, ultrasonic 
diagnostic equipment, medical probes and low cost counting equipment, 
Placenta location instruments and 1-125 Blood Volume Computer. 

SUPERCONDUCTORS 
CRYOGAUSS® 

a complete line in various alloys 

• S tandard wires 

O T a p e s a n d strips 

• Compos i tes up to 
15 0 0 0 a m p . a t the 
5 0 kG 

«Coils 

THOMSON-CSF 
G R O U P E M E N T D E S A P P L I C A T I O N S N U C L É A I R E S 

ET D E L ' I N S T R U M E N T A T I O N S C I E N T I F I Q U E 

17, r o u t e de la Re ine - 92 -BOULOGNE (F rance ) - Tél . 4 0 8 37 0 9 

depuis 1924 
LH0MARGY 
a étudié et mis au point plus de 

150 machines d'essais 
conformes aux normes françaises ou 
étrangères. 
Ces machines équipent les laboratoires, 
tan t pour la recherche fondamenta le 
que pour les contrô les de qual i té des 
matières premières ou des produits finis. 

MACHINE 
DE TRACTION 
ÉLECTRONIQUE 
Modèle DY.08 

En 1969, Lhomargy présente une gamme 
complète de machines d'essais électroniques 
pour t ract ion, f lexion, adhérence, f luage, 
relaxation, sur matériaux en fibres, fils, feuilles, 
planches, etc.. 

• Lhomargy exporte 

3 5 % de sa production dans 50 pays. 

• Salle de démonstration permanente. 

• Service après vente efficace. 

• Les plus hautes références. 

consultez 

LHOMARGY 
3r boulevard de Bellevue - 91 - Draveil - F 

tél.: 921.87.47 et 921.52.18 
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Talk about 
coincidence 

Four inputs accept N IM 
standard normal or 

complementary fast logic 
signals. Required input 

2 nsec in any mode. 

Selectable bin gating. 

Locking toggle switches 
select participating inputs 

in NORMAL mode; all 
inputs participate in 

MAJORITY mode. 

Direct-coupled l imi t ing 
VETO input wi th buffered 

VETO output. 

Two dual YES and one 
dual YES regenerated 
outputs provide high 

fanout. Pulse pair resolu
t ion typically 6 nsec. 

Wid th of YES outputs 
adjustable over the range 

of 4 to 200 nsec. Updating 
resolution of 5 nsec. 

Dual OVERLAP (AND) 
and dual OVERLAP 

(NAND) N IM standard 
fast logic outputs. Full 
output 2 nsec FWHM 

or greater. Output pulse 
pair resolution typically 

4.5 nsec. 

Three direct-coupled 
inputs accept N IM stan
dard normal or comple
mentary fast logic signals 
of 2 nsec duration or 
greater. 

Resolution of 6 nsec for 
ful l N IM standard output 
pulses. Updating resolution 
of 5 nsec. 

Direct-coupled VETO 
input. 

MAJORITY level selected 
by locking toggle switch; 
all inputs participate. 

Two dual YES and one 
YES regenerated NIM 
standard fast logic out
puts. Output pulse w id th 
continuously adjustable 
between 4 and 200 nsec. 

^ NUCLEAR INSTRUMENTATION 

For complete specifications, contact EG&G, Inc., Nuclear Instrumen
tation Division, 40 Congress Street, Salem, Massachusetts 01970. 
Phone:(617)745-3200. Cables: EGGINC-SALEM. TWX: 710-247-6741. 
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Edwards n e w E180 
high resolution partial pressure gauge 

with 
1 Partial pressure measurement 
2 Total pressure measurement 
3 Leak detection 
4 System monitoring 
— all in one inexpensive instrument 

8 I 6 I I I I I I 6 I I I I I I I I I 9 I I 0 I I I I I 8 I 
O 

. 

Scan of gases present in an 
Edwards experimental coating 
unit during evaporation 

Emission: 40 \±A 
Range: 3 x 10~8 torr 
Pressure: 5 x 10~5 torr 

* * # • m m • • * 

Compare these features w i th those of any other 
similar mass spectrometer partial pressure gauge 

Mass range 1 to 105. Push-button 
selection of masses 1, 2, 3 and 4. 
Direct reading, linear mass scale. 
Unit mass separation to mass 70. 
Partial pressure measurement to 
1 0 - 1 0 torr. 
Total pressure measurement to 
1 0 - 1 1 torr. 
Fast and slow scanning speeds. 
Suppression facility for monitoring 
single peaks in detail. 

• Minimum detectable leak rate for 
helium 10~ 1 0 torr litre/sec (sys
tem with 1 litre/sec helium pump
ing speed). 

• Magnet and head bakable in situ. 

• Automatically protected, long-life 
rhenium filaments. 

What about your system? The chances are that the E180 can increase its efficient 
use enormously. Ring extension 311, and we'll tell you how. Or write for Publication 
No. 13852. 

Edwards Edwards Instruments Limited a member of the b o c group 

Manor Royal, Crawley, Sussex, England 
Telephone Crawley 28844 Telex 871 23 Edhivac Crawley 

P 2 5 5 6 


