


CERN, the European Organization for 
Nuclear Research, was established in 
1954 to provide for col laboration 
among European States in nuclear re
search of a pure scientif ic and funda
mental character, and in research 
essentially related thereto'. It acts as a 
European centre and co-ordinator of 
research, theoretical and experimental, 
in the field of sub-nuclear physics. This 
branch of science is concerned w i th 
the fundamental questions of the basic 
laws governing the structure of matter. 
The Organization has its seat at Meyrin 
near Geneva in Switzerland. There are 
t w o adjoining Laboratories known as 
CERN Laboratory I and CERN Labo
ratory I I . 

CERN Laboratory I has existed since 
1954. Its experimental programme is 
based on the use of t w o proton ac
celerators — a 600 MeV synchro-cyc lo
tron (SC) and a 28 GeV synchrotron 
(PS). Large intersecting storage rings 
( ISR), are fed w i th protons from the PS 
for experiments w i th col l iding beams. 
Scientists from many European Un i 
versities as wel l as f rom CERN itself 
take part in the experiments and it is 
estimated that some 1500 physicists 
draw research material f rom CERN. 

The CERN Laboratory I site covers 
about 80 hectares almost equally 
divided on either side of the frontier 
between France and Switzerland. The 
staff totals about 3200 people and, in 
addi t ion, there are about 1000 Fellows 
and Scientif ic Associates. Twelve Euro
pean countries contr ibute, in proport ion 
to their net national income, to the 
CERN Laboratory I budget, wh ich totals 
410 mil l ion Swiss francs in 1975. 

CERN Laboratory II came into being 
in 1 9 7 1 . It is supported by eleven 
countries. A 'super proton synchrotron' 
(SPS), capable of a peak energy of 
400 GeV, is being constructed. CERN 
Laboratory II also spans the Franco-
Swiss frontier w i th 412 hectares in France 
and 68 hectares in Switzerland. Its bud
get for 1975 is 237.9 mil l ion Swiss francs 
and the staff totals about 450. 
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and others interested in sub-nuclear 
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In action again 
— the 600 MeV synchro-cyclotron 

CERN 197.11.73 

The CERN 600 MeV synch ro -cyc lo 
t ron has g iven its f irst pro tons for 
physics exper iments f o l l o w i n g the 
major reconstruct ion of the machine 
dur ing the past t w o years. 

The improvement programme 

The SC has become one of the main 
-stays of nuclear physics in Europe and 
A was in order to con t inue to prov ide 
qual i ty faci l i t ies for th is research 
that a major programme of machine 
improvements was in i t iated a f e w 
years ago. To keep pace w i t h the 
deve lopment of the physics and to 
remain compet i t ive w i t h the abi l i t ies of 
other machines in the w o r l d , it w a s 
necessary to increase the beam in ten 
sities available f rom the SC by about 
an order of magni tude. 

Prior to the modi f ica t ions, the SC 
was accelerat ing a pro ton beam of 
be tween 1 and 1.5 \iA w i t h a pulse 
rate of 55 Hz. The e ject ion ef f ic iency 
gave 100 nA of external proton beam 
and secondary beams of p ions had 
f luxes of around 1 0 5 t o 1 0 6 part icles 
per second. 

To take the beam intensit ies ten 
t imes higher required a series of i m 
provements. The f irst w a s the insta l 
lat ion of another type of ion source — a 
hot cathode, hooded arc source. 
This does not result in a much higher 
input intensity at the centre of the 
synchro-cyc lo t ron but together w i t h 
n e w focus ing electrodes it g ives 
beams of much better qual i ty w h i c h 
can be manoeuvred th rough the 
machine more easily and , part icular ly, 
can be extracted more eff ic ient ly. The 
n e w source is inserted f rom b e l o w 
th rough a hole bored in the magnet 
yoke and necessitated a comple te 
redesign of the central region of the 
machine. 

The increase in intensi ty is main ly 
the result of the instal lat ion of a n e w 
radio- f requency accelerat ion system. 
The previous mechanical v ibra t ing 

capaci tor (a huge tun ing fo rk ) cou ld 
not be developed to give much beyond 
its design repet i t ion rate of 55 Hz or 
to reach the higher accelerat ing f ields 
d ictated by the new source. Dur ing 
each of these pulses, the system 
is required to produce a chang ing 
f requency for the r.f. f ie ld ( f rom 
30 M H z to 16.6 M H z ) w h i c h appears 
on the Dee shaped electrode in the 
machine. This keeps the accelerat ing 
f ie ld in step w i t h the protons as they 
spiral ou twards gain ing ve loc i ty and 
mass. The n e w system uses a rotary 
capaci tor to meet these cond i t ions. 
Rotary capacitors are n o w used by 
most synchro-cyc lo t rons but the 
CERN model const i tutes a consider
able deve lopment being designed to 
operate at a repet i t ion rate of up to 
5 0 0 Hz prov id ing an accelerat ing 
vo l tage of up to 30 kV. 

To use the increased number of 
protons, a regenerative beam extrac
t ion system supplemented by a cur-

Inside the rotary capacitor, which is the crucial 
element of the improvement programme at the 
600 MeV synchro-cyclotron, showing the shaped 
stator blades all around the rim. The shaping 
gives the required change of capacitance with 
time as the rotor vanes rotate between the 
stator blades. 

rent bearing septum 4 m m th ick 
improves extract ion eff ic iency. Radia
t ion coo led internal targets accept 
bombardment f rom much higher cur
rents (up to 20 \ik). A n addi t ional Cee 
electrode makes it possible to have 
long bursts on internal targets or t o 
produce a s low extracted beam of 
g o o d energy resolut ion. Long bursts 
of extracted beam can also be obta ined 
w i t h a pulsed f ie ld coi l ( though at the 
cost of increased energy spread). 

Wh i le these modi f icat ions were 
being carried out , a wash and brush 
up of the machine systems in general 
was carried out . For example, the 
magnet received n e w coils to replace 
the or ig inal ones w h i c h had taken a 
severe pound ing f rom radiat ion since 
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The offending Dee electrode prior to installation. 
Leaks on the Dee panels have been 
temporarily cured but, to avoid vacuum 
problems long term, the electrode will be 
re-panelled. 

the SC first operated in 1957. C o m 
ponents have been adapted so that 
they can more easily be removed and 
serviced. Higher radiat ion levels need 
not then lead to longer maintenance 
shu tdowns . 

Present performance 

The reconstruct ion began in June 
1973 and protons were accelerated 
for the f irst t ime f rom SC2 on 30 Sep
tember of last year (see October issue, 
page 3 3 4 ) . By n o w vir tual ly all the 
desired characterist ics of the new 
machine have been successful ly 
checked and at tent ion has moved to 
systematic opt imizat ion of per form
ance and improvements in rel iabil i ty. 

M a n y di f f icul t ies have been e n 
countered and rel iabi l i ty stil l leaves 
much to be desired but the on ly 
a w k w a r d prob lem to have reared 
its head so far is that of leaks on 
the Dee electrode because of cor-

CERN 31.7.74 

rosion at some brazed jo ints. There 
has been some temporary patch ing 
and at present the vacuum is good 
(9 x 10~ 7 to r r ) . However , these leaks 
are l ikely to be a source of t roub le in 
the future. The Dee w i l l therefore be 
removed and repannel led, w h i c h is a 
s t ra ight forward but ted ious j ob , and, 
unt i l th is is done, the beam intensi ty is 
being held d o w n at 1 JJLA SO as not to 
make the Dee too radioact ive. 

The intensi ty is held d o w n by 
runn ing the rotary capaci tor we l l 
be low its design repet i t ion rate. Deve l 
opment of the capacitor, w h i c h is the 
most technica l ly compl ica ted c o m 
ponent of the machine, is con t inu ing . 
Performance has been fair ly g o o d 
recently and it has g iven a vo l tage of 
20 kV on the Dee, but fur ther improve
ments are being carried ou t ( l ink ing 
the oi l coo l ing automat ica l ly to the 
rotor dr ive, incorporat ing doub le jo in ts 
w i t h inter joint pump ing , e t c . . . ) to 
ensure long term rel iabi l i ty. 

The extract ion ef f ic iency is n o w at 
5 0 % compared w i t h 6 % in SCI . 
It is hoped to take it even higher by 
opt imis ing such th ings as the ion 
source posi t ion. The w o r k on extrac
t ion has been helped a lot by having 
a set of secondary emission probes 
w h i c h g ive in format ion on the beam 
behaviour in the extract ion region. 

The future beams 

The SC sends particles to three exper i 
mental zones — the Neutron Hal l , the 
Proton Hall and the underground iso
tope separator laboratory. Dur ing the 
reconstruct ion some of the secondary 
beams have been considerably m o d i 
f ied. 

On the Neutron Hall side there are 
three beams coming f rom internal 
targets bombarded by the accelerated 
proton beam. This compares w i t h 
e ight beams previously but the new 
beams cover the entire range of 
avai lable p ion energies. They are: a 
l o w energy p ion channel prov id ing 
posi t ive or negat ive p ion f luxes of 
1 0 6 per second in the energy range 
f rom 60 to 105 MeV, h igh resolut io 
channel where excel lent beam opt ics 
can p in d o w n part icle energies to 
better than 1 MeV in the energy range 
8 0 to 260 MeV and a muon channel 
prov id ing up to 5 x 1 0 5 muons per 
second in the energy range f rom 50 
to 190 MeV. 

On the Proton Hall side the extracted 
pro ton beam is f i red into an external 
target to produce intense beams of 
we l l def ined momen tum. Three beams 
have been bui l t — neutrons produced 
f rom a deuter ium target ( 4 0 0 to 
600 MeV, 1 0 7 f l u x ) , a w i d e band and a 
doub le spectrometer beam for p ions. 
The fu l l extracted beam can also be 
bent be low g round to the isotope 
separator. 

The possibi l i ty of having beams of 
other part icles has been invest igated. 
It seems that the accelerat ion of d e u -
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Schematic layout of the beam-lines around the 
600 MeV synchro-cyclotron. The 
machine feeds three expérimental zones 
where there h ave also been major 
modifications during the improvement 
programme. 

terons to 360 MeV or alphas to 

7 2 0 MeV *wou ld not involve major 

di f f icul t ies. The ISOLDE teams w o u l d 

be happy to have ion beams of th is 

type and they w i l l p robably be 

at tempted w i t h i n the next f e w years. 

For particles beyond hé l ium, there are 

ion source and v a c u u m problems. 

Expérimenta/ programme 

On 17 December the expér imental 

programme at the synchro -cyc lo t ron 

began again w h e n protons were sent 

to the on- l ine isotope separator, 

ISOLDE. In January p ions were 

observed in the Proton Hal l . 

ISOLDE has used the s h u t d o w n 

per iod of the SC to moun t an improve

ment programme of its o w n (see 

March issue 1974 , page 8 0 ) . The 

separator has been rebui l t w i t h a n e w 

target and ion source uni t so tha t it 

can n o w cope w i t h about 35 éléments 

( instead of 10 ) . Four di f férent isotope 

beams can be fed to détect ion Systems 

s imul taneously using electrostatic de -

f lectors. Since the beam on the 

ISOLDE target w i l l be ten t imes more 

intense (5 piA compared w i t h 0.5 \LA) 

and the col lect ion ef f ic iency has been 

improved by t w o orders of magni tude, 

much higher ion currents w i l l be 

available (up to several n A ) . 

A m o n g the many experiments p lan-

ned for ISOLDE is a cont inuat ion by 

the Heidelberg team of the measure-

ment of nuclear parameters using the 

opt ical pump ing techn ique (see N o -

vember 1 9 7 1 , page 3 2 1 ) . They have 

already f ound some fascinat ing 

changes in the nuclear vo lume in 

passing th rough a séries of mercury 

isotopes and wi l l extend the measure-

ments to other éléments. Related 

exper iments to détermine the spin of 

isotopes w i l l be carried ou t by the 

Gothenburg /Uppsa la team using the 

atomic beam résonance method. In 

bo th thèse types of exper iment, ions 

f rom the ISOLDE target are col lected 

on fo i l and then evaporated as rad io

act ive atoms. Radioact ive material 

co l lected in th is w a y is also in tended 

to be t ransported to Van de Graaff 

accelerators for use as targets in other 

exper iments. 

A Karlsruhe/Trieste team wi l l use 

a s topped p ion beam in the Proton 

Hall to s tudy the resuit of absorpt ion 

of a négat ive p ion in an oxygen 

nucleus. In part icular they are look ing 

at the events where t w o neutrons f ly 

ou t of the nucleus w h e n the p ion is 

captured. Analys ing thèse neutrons 

w i t h t ime o f f l igh t detectors gives 

in format ion on the residual nucleus. 

On the same pion beam a Louvain 

team w i l l look for p ion capture 

w h i c h results in the émission of t w o 

gamma rays. This also gives in fo rma

t ion on the energy states of the 

nucleus. 

Several exper iments are l ined up for 

the muon beam. The same Louvain 
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The isotope separator on-line, ISOLDE, has 
now been equipped to provide up to four 
simultaneous ion beams to the experiments. This 
'switchyard' has electrostatic deflectors to 
bend ions down the beam pipes and through 
a thick shield wall to the experimental area. 

CERN News 

team w i l l a t tempt to measure the muon 
capture rate in l i th ium 6 w h i c h results 
in the fo rmat ion of a hel ium nucleus. 
The t ransi t ion be tween the t w o nuclear 
states is a very clean one and inter
pret ing the measurement does not 
involve large correct ions to take 
account of other possible interact ions. 

M u o n s w i l l also be used to s tudy 
ref ined effects of the e lectromagnet ic 
interact ion. A CERN/Pisa team w i l l 
look at the Lamb shif t in muon ic 
hel ium using a pulsed laser beam to 
induce transi t ion between the energy 
levels of the muon in orbi t around the 
nucleus. T w o teams (Bo logna and 
Bas le /CERN/Kar ls ruhe) Will look for 
pari ty v io la t ion in the e lectromagnet ic 
interact ion by measuring the energy 
levels in muon ic atoms. 

On the neutron beam, some b io lo 
gical studies w i l l be carried ou t by 
the CERN Health Physics Group. A lso 
neutron counter cal ibrat ion is in pro
gress to check measurements made 

at the proton synchrot ron. M a n y 
teams invo lved in the experimental 
programme at the PS, or preparing for 
the com ing of 4 0 0 GeV protons f rom 
the SPS, use synchro-cyc lo t ron beams 
to test their detectors. 

The synchro-cyc lo t ron w i l l thus re
establ ish itself on the CERN physics 
scene w h e n the improvement p ro
gramme has been successful ly c o m 
pleted. W h e n the last f e w problems 
have been ironed out , it w i l l , for the 
next f e w years, be again prov id ing 
w o r t h y compet i t ion for the other 
machines in its energy range. 

CERN 131.12.74 

Computing school 
The 1974 CERN Compu t ing schoo l 
was held at Godoysund near Bergen 
in Norway. S i x t y - t w o students (ma in 
ly f rom the CERN Member States but 
also f rom the German Democrat ic 
Republ ic, Hungary and India) 
at tended. The major i ty were phys i 
cists f rom research Laboratories plu? 
a spr ink l ing of more theoret ical ly 
inc l ined computer science students. 

Eleven lecturers covered three main 
top ics — programming methods ; c o m 
puter systems architecture, both sof t 
ware and hardware; interact ive c o m 
pu t ing . The broad first top ic was 
further sub-d iv ided into three series. 
The theoret ical approach in t roduced 
methods for formal correctness proofs 
of programs. T h o u g h it seems desir
able to abandon the convent iona l 
' debugg ing ' methods for t i dy ing up 
programs, th is theoret ical approach 
can be very complex even w h e n 
handl ing s imple programs. 

The pract ical side concentrated 
on 'state of the art' sof tware w i t h 
subjects such as structured pro
g ramming , modular des ign, manage 
ment of sof tware projects and so on . 
The quest ion of the language to be 
used for sof tware br ings di f ferent 
answers f rom t w o camps. The c o n 
servatives ho ld ou t for an establ ished 
language such as FORTRAN for 
reasons of compat ib i l i ty . The radicals 
promote n e w languages, such as 
Pascal or Mary , as a power fu l w a y 
of increasing sof tware qual i ty. 

The lectures on computer systems 
archi tecture descr ibed modern design 
features, both in hardware and sof-
ware , w i t h reference to exist ing c o m 
puters where the var ious features have 
been imp lemented. In a special ses
s ion, the design and implementat ion 
of the M U 5 computer were descr ibed 
in detai l . This exper imental c o m 
puter has been bui l t at Manchester 
Universi ty above the t o p of ICLs n e w 
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Beam watchers for the PS Booster and the 
SPS: 

1. A quadrupolar pick-up to observe the 
shape of the orbiting proton beam which 
has been installed in the 800 MeV Booster 
of the Proton Synchrotron during the present 
long shutdown. The pick-up consists of a 
ceramic tube, 150 mm diameter and 0.5 m 
long, metallised on the inside. The sinusoidal 
profiles of the pick-up electrodes have been 
formed by sand blasting using a very fine Jet. 

2. One of the beam monitors (of which 
there will be more than a hundred) to 
observe the beam in the 400 GeV proton 
synchrotron. The monitor is of the secondary 
emission type and can give information on 
beam position, intensity and density distribution. 
The head is flipped into the beam with the 
help of an actuating mechanism and a triple 
exposure, used to compose this photograph, 
shows its swing pendulum at three different 
positions. 

range, 2900 , and conta ins many inter
est ing features in its archi tecture. 

In complete contrast to the g iant 
number-crunchers , are the n e w mic ro 
computers and their special t e c h 
no logy. Their relative power and 
versat i l i ty indicate a revolut ionary f u 
ture t rend. Ano ther route was treated 
in the lectures on special purpose 
processors (first descr ibed in the 
J u n e 1973 COURIER, page 1 8 1 ) . 
The modern physicist requires certain 
tasks to be done so rapidly that on ly 
special ly constructed processors can 
cope. Examples were g iven on t rack 
recogni t ion in electronic exper iments 
and on h is togramming scan data such 
as is col lected in analysing f i lm f rom 
the 3.7 m European bubb le chamber. 

Lectures on ERASME gave a very 
good v i ew of the pract ical imp lemen
ta t ion of an interact ive compu t i ng 
system. Furthermore, lectures on data 
presentat ion and analysis, w h i c h is one 
of the most impor tant problems in 
h igh energy physics, s h o w e d that the 
ease of manipu la t ion and the results 
depend h igh ly upon the w a y in 
w h i c h data is presented. Several 
echniques were offered as excel lent 

subst i tutes for the t radi t ional h is to
g ramming method. 

The idea of br ing ing together c o m 
puter scientists and physicists for a 
for tn ight 's school bore f ru i t again. 

Pop prize 
On 14 January, M. Crozon and 
P. Sonderegger received the 1974 
Science Prize of the Foundat ion de 
France for organiz ing a series of 
events to popular ize physics, dur ing 
the Internat ional Conference on Ele
mentary Particles held at A i x - e n -
Provence in September 1973. The 
events were under the general t i t le 
of 'Phys ique dans la rue' and have 
since been usual ly referred to as 
A i x - P o p . For the story of A i x - P o p , see 
October 1973 , page 297 . 
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Around the Laboratories 
The long superconducting solenoid at the SIN 
cyclotron which has been installed in 
a beam channel which has yielded the world's 
highest fluxes of muons. The muon channel 
was brought into action remarkably smoothly 
in January and the superconducting solenoid is 
working perfectly. 

VILLIGEN 
Superconducting muon 
channel begins operation 
Operat ion of the 590 MeV cyc lo t ron at 
the Swiss Inst i tute for Nuclear 
Research, S IN , is go ing very we l l . 
Fo l low ing a s h u t d o w n towards the 
end of last year, dur ing w h i c h var ious 
improvements were carried out , r ou 
t ine operat ion n o w achieves t ransmis
sion eff ic iencies of the proton beam 
th rough the r ing cyc lo t ron of 80 to 
85 %. This has been pushed as h igh as 
9 0 to 9 5 % w h i c h is close to the 
theoret ical max imum, w i t h the exist ing 
extract ion system, of 9 6 % . The highest 
pro ton beam intensi ty at the t w o 
external targets is 12 but beams of 
5 [iA are more c o m m o n l y used. 

Dur ing the s h u t d o w n , the exper i 
mental area received at tent ion also. A 
h igh resolut ion p ion channel was 
comple ted . Ano ther p ion beam, for 
b iomedical research, was brought into 
act ion and has been used to irradiate 
the first b io logical specimens. More 
precise contaminat ion measurements 
are n o w being carried ou t by a team 
f rom Karlsruhe and depth dose meas
urements, using l i th ium f luor ide have 
been taken by a Zur ich g roup. A 
programme of fur ther dosimetry meas
urements, irradiat ions and physics 
w i t h s topped pions is l ined up for th is 
b iomedica l beam. 

A n unpolar ized neutron beam, w i t h 
a 60 m t ime-o f - f l i gh t path f rom the 
target to the exper imental area, was 
also comple ted dur ing the s h u t d o w n 
and a Freiburg g roup has careful ly 
s tudied beam profi les in the exper i 
mental area and h o w they vary w i t h 
the focus ing appl ied to the proton 
beam prior to the target. But the most 
sat isfy ing success in the realm of n e w 
beam-l ines was the smooth start of 
operat ion of the superconduct ing 
muon channel . 

M u o n beam-l ines at intermediate 

energies have almost a lways involved 
the use of a series of quadrupoles 
w h i c h focused the p ions produced 
w h e n the ejected pro ton beam hits a 
target and also retained some of the 
muons produced as the p ions decayed. 
The idea of a so leno id is to g ive a 
beam of p ions t ravel l ing close to the 
axis on large spirals w i t h small radii 
so that the decay muons are much less 
l ikely to escape f rom the beam. Close 
on 1 0 0 % ef f ic iency can be expected. 

The prob lem is that long , large 
aperture solenoids are needed. The 
SIN so leno id , for example, is 8 m long 
w i t h an aperture of 12 cm and a f ie ld 
of 5 T. To provide these cond i t ions 
w i t h a convent iona l magnet w o u l d 
involve a power consumpt ion of 
10 M W . The use of a superconduct ing 
coi l was therefore imperat ive. 

The solenoid uses copper s tab i 
lized n iob ium- t i t an ium superconductor 
w o u n d in sixteen ident ical sect ions. 
The conduc to r is w o u n d on reinforced 

epoxy resin wh i l e the outer surface is 
in contact w i t h a layer of copper pipes 
w h i c h carry the hel ium coo l ing . This 
is all enclosed in a th ick wa l led stee 
tube w h i c h is a magnet ic return path. 
Gas coo led current leads connect the 
solenoid to a 1 kA supply , the coi l 
tak ing 8 7 0 A to give the design f ie ld. 
The coo l ing is by supercri t ical hel ium 
under a pressure of 6 to 10 a tmos
pheres. 

In the first test of the fu l l so lenoid in 
December, the current c l imbed to 
690 A before a quench occurred due 
to a leak at one end of a coi l w h i c h 
caused a temperature rise. After repair, 
the magnet immediate ly reached 5 T 
on 15 January and stayed there for 
days. Since then it has operated 
cont inuous ly w i t h o u t supervis ion and 
there have been no problems in 
f o l l o w i n g the s h u t d o w n and re-starts 
of the accelerator schedule. The 
measured losses are about 25 W , about 
4 0 % less than ant ic ipated. 
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Cross-section of one of the coils of the super
conducting solenoid. The unusual design is 
described in the text. 

(Photos SIN) 
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Pions are focused on the entrance 
to the so lenoid. The great advantage of 
the so lenoid techn ique is that it can 
take a w i d e range of momenta . By 
using a p ion degrader before the 
channel and by s topp ing the muons 
internal ly in the h igh f ie ld , the densit ies 
of the stopped muon beams can be 
increased t w o orders of magni tude. 
( I t is hoped to use th is in s tudy ing 
muon ic atoms much more tho rough ly 
than ever before.) The muons emerge 
f rom the solenoid w i t h i n a 20 c m 2 

area and can be handled by c o n v e n 
t ional magnets to t ransport them to 
t w o experimental regions. 

W h e n the solenoid w o r k e d so we l l 
on 15 January, p ions of 2 0 0 M e V / c 
were fed to the channel . The m u o n 
extract ion was s low ly brought d o w n 
to lower momenta and at 180 M e V / c 
a pure muon beam w a s achieved (no 
p ion contaminat ion and on ly a s l ight 
contaminat ion of electrons — 4 % 
tota l , 2 % 0 at the muon s top ) . A st rong 
polar izat ion was demonstrated by 
observ ing posit ive muon precession a 
f e w days later. 

M a x i m u m muon f lux was reached 
t 115 M e V / c . The design intensi ty 

was 2.4 x 1 0 7 muons per second. 
Af ter on ly a prel iminary tu rn ing 
2 x I 0 7 w a s achieved. A l ready the SIN 
cyc lo t ron has the wor ld ' s h ighest 
muon f luxes. 

DESY 
The PETRA 
storage ring project 
Last November DESY submi t ted a 
proposal for a 2 x 19 GeV e lec t ron-
posi t ron storage r ing t o its A d m i n i s 
trat ive Counc i l . The proposal had 
been wo rked ou t in detai l dur ing 1974 
by a g roup at DESY w i t h impor tant 
cont r ibu t ions f rom scient ists in Ger
man Universit ies and Laboratories and 
guests f rom Laboratories in other 
countr ies. 

A lso in November, the Scient i f ic 
Counc i l of DESY, whose members 
come f rom German Universit ies, rec
ognized the strong scient i f ic interest 
in such a project and unan imous ly 
recommended its const ruc t ion. In 
December, the Adminis t ra t ive Counci l 
d iscussed PETRA and its impl icat ion 
for the long- te rm programme of the 
Laboratory. It was realized that PEJRA 
is a natural cont inuat ion of the past 
and present scient i f ic programme, 
w h i c h has a lways been devoted to 
electron physics, and, at the same 
t ime, a st ra ight forward extension of 
the exist ing faci l i t ies. PETRA w o u l d 
make o p t i m u m use of the exist ing 
expert ise and instal lat ions — an 
essential element is that the DESY-
DORIS synchrot ron-s torage r ing sys
tem is an ideal in ject ion system for 
PETRA. 

The project envisages four inter
sect ion regions being equ ipped w i t h 
exper imental halls init ial ly. If European 
interest in part ic ipat ion is large enough , 
four more halls cou ld be bui l t . A n 
exper imental programme cou ld start 
rather qu ick ly by us ing, at higher 
energies, some of the big instal lat ions 
n o w operat ing at DORIS. 

Ring Structure and Energy 

PETRA is a single r ing, 2.3 km in cir
cumference, composed of e ight i den
t ical curved parts and eight straight 
insert ions. Four of these insert ions are 

short and ho ld , in a symmetr ic arrange
ment, the four ini t ial ly p lanned exper
imental halls. The other four are l o n g ; 
they accommodate the r.f. accelerat ing 
structure and can also be equ ipped 
for exper imental use. 

The a im is to have a storage r ing at 
the highest energy feasible at the 
present t ime. To minimize synchrot ron 
radiat ion and to cope w i t h its effect, a 
large radius is needed plus a h igh 
energy gain per turn requir ing long r.f. 
structure. For PETRA the bend ing 
radius is 194 m and the length of 
structure is 134 m. The magnet 
latt ice consists of 192 ident ical half-
cells compr is ing a 5.5 m bend ing 
magnet , an alternately focus ing or 
de focus ing quadrupole and a sex tu -
pole for correct ion of chromat ic i ty . 
W i t h the proposed r.f. system, th is 
latt ice a l lows a max imum beam energy 
of 19 GeV. 23 GeV cou ld be reached 
by doub l i ng the r.f. instal lat ions. 

Luminosity 

For energies up to 14 GeV, the PETRA 
luminos i ty is l imi ted by beam-beam 
interact ion w h i c h in turn depends on 
the energy and the beam cross-sec
t i on . In a machine w i t h constant tune , 
th is results in a luminos i ty propor
t ional to E 4. For variable tune opera
t i on , weaker focus ing is used at lower 
energies, result ing in a beam cross-
sect ion nearly independent of energy 
and a luminos i ty proport ional to E 2 , 4 . 
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Aerial view of the site of the DESY 
Laboratory with the proposed location of 
the 19 GeV electron-positron storage ring, 
PETRA, drawn in. The link with the existing 
synchrotron is shown-the synchrotron (plus 
the DORIS storage rings) serving as injection 
system. 

(Photo DESY) 

The luminosi ty , in th is range, is also 
proport ional to the number of bunches. 
It is p lanned to have up to four 
bunches in each r ing. These w o u l d 
meet on ly at the intersect ion points 
where , for max imum luminosi ty , the 
beams have a very nar row waist . In 
pr incip le, the number of bunches 
cou ld be raised to for ty but then the 
beams w o u l d have to be separated 
outs ide the intersect ion points by 
electrostat ic f ields. Whether operat ion 
w i t h so many bunches is feasible w i l l 
depend mainly on the current l imi ta
t ion due to mu l t i bunch instabi l i t ies. 

Between 14 and 17 GeV, the 
luminos i ty is l imi ted by the beam-
beam effect and by the available r.f. 
power. To obta in max imum luminos
ity, the number of bunches has to be 
gradual ly reduced w i t h increasing 
energy. Above 17 GeV, the luminos i ty 
goes d o w n rapidly due to the steeply 
rising energy dissipat ion in the 
r.f. cavit ies. Here, PETRA w o u l d 

run w i t h one bunch in each beam. 
The max imum luminos i ty of 1.2 x 

1 0 3 2 c r r r 2 s - 1 per intersect ion is at 
14 GeV, w i t h four bunches in each 
beam and an average current of 
24 m A per bunch . A t th is energy, the 
radiat ion loss per turn is 17 MeV, and 
the radiated power per beam is 
1.7 M W . 

Radio-frequency System 

In its f irst stage, PETRA has a tota l r.f. 
power of 4 M W . This corresponds to a 
k lystron ef f ic iency of about 4 0 % but 
60 to 70 % seems feasible and a good 
reserve w o u l d therefore be avai lable. 
A t a f requency of 500 M H z (as in the 
synchrot ron and DORIS) the power is 
generated in e ight 500 k W klystrons 
and fed into the accelerat ing structure 
th rough a wavegu ide system. The r.f. 
st ructure is symmetr ica l ly p laced in 
t w o diametr ical ly oppos i te long inser
t ions of the r ing. It consists of 

ind iv idual resonators each w i t h seven 
cyl indr ical ha l f -wave cavit ies in one 
unit . The cavit ies may be either of the 
iris or of the induct ive ly coup led dri f t 
tube type, the latter achiev ing a higher 
shunt impedance. N e w technolog ies 
and fabr icat ion techn iques are being 
invest igated for a cheap cavi ty p ro
duc t ion f rom copper plated a lumin ium 
or stainless steel. 

Injection 

For in ject ion, the exist ing DESY acce l 
erator system is very suitable for the 
f o l l o w i n g reasons: In a storage r ing 
like PETRA the main l imi tat ion of l u m i 
nosi ty is beam instabi l i t ies at in ject ion 
and di f f icul t ies w i t h posi t ron accu 
mulat ion since intense posi t ron sour
ces are not available. PETRA benefi ts 
because electrons and posi t rons can 
be accelerated to an in ject ion energy 
as high as 7 GeV in the synchrot ron 
and, also, posi t rons can be stacked 
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and stored in DORIS to give a h igh 
number of particles per bunch . 

The PETRA damp ing t ime is 125 ms 
at th is energy, a l l ow ing every seventh 
synchrot ron cycle to be used for 
in ject ion. The other six cycles w i l l not 
be lost for part icle accumula t ion w h e n 
the DORIS ring is used for inter
mediate storage. This w i l l not on ly 

^gain the corresponding ef f ic iency 
-actor of seven but also another factor 
of th i r ty by having 3 0 bunches s imu l 
taneously f i l led and stored in DORIS. 

The overall in ject ion scheme for 
posi t rons is then — 4 0 0 MeV bunches 
of posi trons f rom Linac II are in jected 
into the synchrot ron w h i c h runs at 
7.5 GeV max imum energy. Af ter 
accelerat ion to 2.2 GeV they are 
ejected and stored in DORIS. The t w o 
upper hal f - r ings of DORIS are coup led 
together to fo rm a s ingle r ing hav ing 
t w o points for in ject ion and e ject ion, 
respectively. A fast kicker makes it 
possible to re-transfer a single accu 
mulated bunch into the synchro t ron 
w i t h i n 25 \is after in ject ion so that it 
can be accelerated to 7 GeV w i t h i n 
the same synchrot ron cycle. W i t h 
Programmed phasing and t im ing , any 
desired bunch sequence can thus be 
fed to PETRA. The posi t ron f i l l ing t ime 
is about 7 min for the max imum cur
rent of 96 mA. For electrons, using the 
same transfer scheme, the f i l l ing t ime 
is much shorter. It is an impor tant 
feature of th is in ject ion system that all 
its major components are already 
operat ive and do not involve any 
special development . 

Cost 

The PETRA const ruc t ion costs are 
comparat ive ly l o w because a w i d e 
range of faci l i t ies and equ ipment 
already at hand at DESY can be i n 
corporated into the project. The c o m 
plete injector system exists and also 
the magnet power suppl ies and c o o l 
ing faci l i t ies, the cont ro l and labora

tory bu i ld ing and equ ipment for the 
first physics experiments. Because of 
the existence of these faci l i t ies a 
saving of about 40 to 50 mi l l ion D M is 
possible. A lso, it is p lanned to restrict 
the doub le storage ring DORIS, after 
the commiss ion ing of PETRA, to its 
or ig inal design energy of 3.5 GeV, 
whereas it is n o w equ ipped to go up 
to 5 GeV. 

The costs for PETRA are est imated 
at 97.6 mi l l ion D M , at October 1974 
prices, inc lud ing all technical c o m 
ponents and bui ld ings. PETRA can be 
bui l t w i t h the exist ing staff resources 
at DESY. 

Further development 

There is potent ial for further deve lop
ment. The magnet structure and power 
suppl ies are able to run up to 23 GeV 
and such an energy cou ld easily be 
achieved by adding more r.f. power , 
if the physics interest shou ld just i fy it. 
A lso, if the physics shou ld demand a 
fu ture e lectron-electron op t i on , an 
electron r ing cou ld be instal led on t o p 
of PETRA. Four of the straight sect ions 
cou ld be used as intersect ing regions 
w i t h th is second r ing. 

The Admin is t ra t ive Counc i l c o n 
sidered the PETRA project very favour
ably and approved funds for 1975 for 
the detai led p lanning of the storage 
r ing, the bui ld ings and the site survey. 
Hence the project can be carried on 
w i t h o u t delay in the planned schedule. 
If f inal approval is obta ined dur ing 
1975 , the storage ring w o u l d come 
into operat ion in 1979. Thus PETRA 
cou ld enable European physicists to 
start e lect ron-pos i t ron co l l id ing beam 
physics at h igh energies in the near 
fu ture w i t h a m in imum of expendi ture 
and technical risk. 

In format ion on the design of the 
proposed 14 GeV e lect ron-pos i t ron 
storage r ing, k n o w n as EPIC, can be 
f o u n d in the January issue, page 12. 

GATCHINA 
Collaboration in SPS 
experiment 

Scient ists f rom the Leningrad Nuclear 
Physics Inst i tute at Gatchina w i l l j o in 
a CERN, Clermont-Ferrand, Lyon , 
Uppsala col laborat ion in a h igh pre
cis ion s tudy of elastic scatter ing w h i c h 
has recent ly been approved for the 
exper imental programme of the 
4 0 0 GeV proton synchrot ron. The 
team hopes to be ready on the H3 
beam in the West Hall to receive 
particles just as soon as the SPS 
comes into act ion in 1976. 

The Soviet scientists are br ing ing 
w i t h t hem an ionizat ion chamber 
w h i c h w a s developed in the laboratory 
of A. Vorob iev at Gatchina and w h i c h 
is current ly in operat ion at the Ser
pukhov proton synchrot ron. 

The aim of the exper iment is to 
invest igate the scatter ing in the ' C o u 
lomb interference region' . It involves 
s tudy ing the interact ions where a 
beam part icle brushes against a target 
pro ton and fl ies on at an angle very 
close to its init ial d i rect ion wh i l e the 
proton recoils at a large angle. The 
col l is ion involves the particles passing 
w i t h o u t get t ing very close together, 
and the Cou lomb force due to their 
electr ic charges also inf luences the 
in teract ion, in addi t ion to the more 
power fu l s t rong force. It is thus pos
sible to s tudy the interference between 
the t w o forces. 

There are di f ferent predict ions as to 
w h a t happens to a particle's tota l 
cross-sect ion (its region of in f luence) 
as the energy of interact ion increases. 
CERN ISR and FermiLab exper iments 
(see March 1973 , page 67 and J u l y 
1974 , page 245 ) have s h o w n that , to 
the highest available energies at pre
sent, the st rongly interact ing part icle 
( the hadron) cont inues to g r o w as the 
energy increases. Measurements in the 
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The ionization chamber built at the Gatchina 
Laboratory for elastic scattering 
experiments. It is now in use at the 76 GeV 
proton synchrotron at Serpukhov 
and will later come to CERN for an 
experiment at the 400 GeV machine. 

Cou lomb interference region are used 
in interpret ing the total cross-sect ion 
results. They need to be carried out 
w i t h very h igh precision ( to 1 % or 
better) in order to d is t inguish between 
dif ferent predict ions about the cross-
sect ion behaviour. 

In the type of elastic col l is ion 
described above it is not easy to get 
such precision f rom measuring the 
very narrow angle at w h i c h the beam 
particle emerges at h igh energies. The 
recoil proton however emerges at a 
w i d e angle to the beam direct ion and 
can be measured more readily. The 
ionizat ion chamber measures bo th the 
energy and the angle of the proton in 
the f o l l o w i n g w a y : 

The chamber is a cyl inder 1.6 m 
long, 0.8 m diameter enc los ing six 
cells w i t h circular anode and cathode 
plates, 12 cm apart, perpendicular to 
the axis w h i c h is also the incoming 
beam di rect ion. It is f i l led w i t h hydro
gen, w h i c h provides the target nuclei 

(pro tons) and also serves as detect ion 
med ium. Protons recoi l ing in a cell 
ionize the hydrogen. The total charge 
col lected is proport ional to the proton 
energy (and can be cal ibrated using 
5 MeV alpha sources moun ted in the 
chamber) and the rise t ime of the 
pulse on the anode gives the polar 
angle of the p ro ton . 

The anode is shielded by an 
earthed gr id . W h e n the ionizat ion 
occurs the cathode immediate ly re
cords a signal w h i c h g rows as the 
electrons move towards the anode. 
The anode sees no signal unt i l the 
electrons appear t h rough the gr id and 
the signal w i l l g r o w as more electrons 
arrive. The rise t ime is d ic tated by the 
dif ferent electron dri f t t imes due to an 
inc l ined recoil proton track. 

A smaller chamber of th is type was 
used successful ly for elastic scatter ing 
measurements on the Gatchina 1 GeV 
synchro-cyc lo t ron in 1972. The pre
sent chamber is being used in ex tend

ing the measurements to higher ener
gies at the 76 GeV proton synchrot ron 
at Serpukhov th is year. It w i l l p roba
bly reach CERN about M a y 1976. 

The synchro-cyc lo t ron at Gatchina 
is suppor t ing a healthy programme of 
exper iments. A b o u t 4 0 0 0 hours of 
physics are done each year w i t h 
research in the var ious f ields famil iar 
in th is energy range — particle^ 
physics (such as the exper iment 
descr ibed above, polar izat ion meas
urements, p ion mass, charge ex
change. . . ) , nuclear physics (p ion 
p roduc t ion , isotope studies, spal la
t ion . . . ) and some b io logy and med i 
cine. A n ISOLDE- type faci l i ty ( o n 
l ine isotope separator) is being deve l 
oped and is scheduled to be ready for 
exper iments in the A u t u m n of th is year. 

The synchro-cyc lo t ron is operat ing 
w i t h accelerated beam intensit ies of 
about 1 (iA The extract ion ef f ic iency 
is about 3 0 % and p ion beams of up 
to 600 MeV are available. Pion 
intensit ies at 4 0 0 MeV are around 1 0 5 

for negat ive p ions and 1 0 6 for posit ive 
pions. 

BROOKHAVEN 
Some thinking 
on heavy ions 
The interest in h igh energy heavy ions 
d id a quan tum j u m p upwards in the 
course of 1974. The interest had been 
g r o w i n g in any case, part icularly 
f o l l o w i n g the deve lopments at Pr in
ceton and Berkeley in 1971 w h i c h 
y ie lded ions such as ni t rogen at 
mu l t i -GeV energies. The j u m p came 
because of the provocat ive ideas of 
T.D. Lee, in col laborat ion w i t h G.C. 
Wick , that abnormal , stable nuclei 
cou ld be fo rmed by c rowd ing many 
nuc leons together at h igh energies. 
The postulated nuclei w o u l d have 
several t imes the normal nuclear 
densi ty and other pecul iar propert ies 
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such as a charge number about equal 
to the number of nuc leons and zero 
effect ive mass. 

To create such abnormal states of 
matter w o u l d require heavy ions 
(ho ld ing over 200 nuc leons) to be 
col l ided at energies of several GeV 
per nuc leon. The favour i te candidate is 
the col l is ion of t w o uran ium ions of 
over 1 GeV per nuc leon to give ab
normal nuclei ho ld ing about 4 0 0 
nucleons. Not everyone buys the 
idea of the abnormal nuc le i , but no one 
doubts that , in any case, heavy ion 
col l is ions w i l l br ing fresh in format ion 
about the nucleus. There are already 
theories on 'p ion condensates ' ( f rom 
G.E. B r o w n ) , on 'nuclear hydro 
dynamics ' (W. Greiner and P. Sie
mens) , etc. w h i c h are added st imul i 
t owards heavy ion research. 

The leading faci l i ty at the moment 
is the Bevalac comb ina t ion at Ber
keley (see June issue 1974, page 213) 
where the combina t ion of the Super-
hilac and the Bevatron is capable of 
y ie ld ing ions as heavy as k ryp ton . 
They cou ld go higher but at the cost 
of a n e w vacuum system for the 
Bevatron ring because very h igh 
vacuum is needed to preserve part ial ly 
str ipped ions. If a pressure of 10~ 9 w a s 
achieved, such ions cou ld be acceler
ated up to about 2 GeV per nuc leon. 

The potent ial of other accelerator 
systems has also been discussed. A t 
CERN for example, there is the 
tanta l is ing prospect, if ions can be 
manoeuvred th rough the PS, of t rans
ferr ing them to the heal thy vacuum 
of the Intersect ing Storage Rings and 
br ing ing them into head-on col l is ion. 
W e may have more to say on these 
possibi l i t ies in the com ing months. 
A t Brookhaven, there has been a 
s tudy of the potent ia l of the A l ternat 
ing Gradient Synchrot ron (AGS) for 
heavy ion accelerat ion, led by K. Prelec 
and A. van Steenbergen. 

The main prob lem w i t h using 
exist ing machines is a lmost a lways 

that of vacuum. Protons sail happi ly 
th rough a pressure of 10~ 6 torr dur ing 
a 1 s cycle but partial ly str ipped heavy 
ions w o u l d not survive in any accept
able intensity. Charge exchange (the 
loss or capture of an electron) 
w o u l d cause ions to move out of the 
beam. However fu l ly str ipped ions 
w o u l d survive and the Brookhaven 
s tudy concentrated on w h a t w o u l d 
be necessary to achieve fu l ly str ipped 
uranium ions w h i c h cou ld then be 
accelerated in the exist ing AGS w i t h 
f e w modi f icat ions to its present c o m 
ponents. 

The preferred system involves an 
ion source, y ie ld ing ions w i t h an 
average charge about 1 1 , a 600 keV 
pre- in jector and a short sect ion of 
l inac of the S loan-Lawrence type (as 
used on the Darmstadt heavy ion 
accelerator, U N I L A C ) . This w o u l d 
y ie ld an energy of about 0.75 MeV 
per nuc leon w h i c h , th rough a first 
stripper, w o u l d give ions w i t h about 
35 electrons removed. These ions 
w o u l d be fed to a fast cyc l ing booster 
(a rebui ld of the former Cambr idge 
electron synchrot ron w i t h a smaller 
radius using 16 of the 24 magnet cel ls) . 

Operat ing at 30 Hz, where the rapid 
cyc l ing t ime greatly reduces the 
charge exchange problem, th is cou ld 
feed ions th rough a second str ipper to 
g ive fu l l y str ipped ions for in ject ion 
into the A G S . A b o u t 100 MeV per 
nuc leon is probably necessary to 
achieve fu l l s t r ipping of the electrons 
f rom the uranium ions but a higher 
ou tpu t energy, 200 MeV, was select
ed so as to reduce the strain on the 
r.f. system in the AGS r ing itself. 

The uranium ions cou ld then be 
accelerated to between 1 and 12 GeV 
per nuc leon (close to 3 TeV tota l 
energy) and , w i t h the booster operat
ing at 30 Hz, a f lux of 1 0 9 ions per 
second cou ld be possible. 

The prel iminary s tudy has not been 
carried th rough to any sort of formal 

proposal . The future programme at 
Brookhaven remains concentrated on 
h igh energy physics at the A G S and 
on the proposed construct ion of the 
ISABELLE pro ton-p ro ton storage 
r ings for very h igh energy co l l id ing 
beam physics. Nevertheless, w h e n 
heavy ion physics quest ions are in the 
air, it is g o o d to have the accelerator 
answers at the ready. 

STANFORD 
On synchrotron 
radiation and the new 
particles 
In the h igh energy physics exci tement 
tha t the SPEAR elect ron-pos i t ron 
storage r ing has managed to generate 
over the past year, w e have neglected 
another large category of people w h o 
are invo lved in other branches of 
science. They are the research workers 
in physics, chemistry, b io logy, meta l 
lurgy and astrophysics w h o use SPEAR 
as a source of l ight. 

The synchrot ron radiat ion w h i c h 
inevi tably emerges tangent ia l ly to 
an orb i t ing high energy electron 
beam has features, part icularly in 
f requency range, intensity and in 
d i rect ional propert ies, w h i c h make 
it a un ique research too l . This has 
been explo i ted for many years main ly 
at the DESY synchrot ron in Hamburg 
and at the storage r ing called Tantalus 
at the Wiscons in Physical Sciences 
Laboratory. Us ing the electrons in a 
storage r ing can have advantages 
since they are intense broad energy 
spect rum sources. SPEAR is the 
highest energy electron ring current ly 
in operat ion and is therefore an 
obv ious candidate for a synchrot ron 
radiat ion fac i l i ty — all the more so 
since synchrot ron radiat ion research 
can go on almost entirely parasit ical ly 
to the h igh energy physics research. 

This w a s realized in the SPEAR 
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The major preoccupation for the future at the 
Stanford and Berkeley Laboratories remains the 
higher energy electron-positron storage ring, 
PEP. The photo shows a model section of the 
PEP tunnel with quadrupole and bending 
magnets suspended from the roof on the right. 
PEP is not in the USA President's budget 
for Fiscal Year 1976, which means that 
authorization for its construction is unlikely to 
be given this year. 

const ruct ion days and a l ight out let 
port was incorporated f rom the start. 
In J u l y 1973 a pi lot project began 
using th is l ight. A b o u t the same t ime 
the Nat ional Science Foundat ion 
suppor ted the const ruct ion of a Na
t ional Synchrot ron Radiat ion Labo
ratory at SPEAR. A bu i ld ing to house 
about six s imul taneous exper iments 
was constructed in ten months and 
the faci l i ty was in act ion in May 1974 
we l l ahead of schedule. 

Important results have already been 
obta ined. Outs tanding amongst them 
has been extended X- ray absorpt ion 
f ine structure analysis for prob ing 
chemical structures. The basic t ech 
nique has been k n o w n for many 
years. When radiat ion of a range of 
f requencies is directed onto matter it 
is absorbed much more readily at 
those frequencies corresponding to 
the X- ray energy needed to l iberate 
a core electron f rom the a tom. The 
graph of absorpt ion against f requen

cy gives a sharp peak at this X- ray 
energy and then a series of w igg les due 
to interference between the ou tgo ing 
electrons and the electrons scattered 
back by ne ighbour ing atoms. Ana lys 
ing these w igg les , or f ine structure, 
gives detai led in format ion about the 
local a tomic env i ronment of the 
absorbing a tom. 

In the past, w i t h convent iona l 
radiat ion sources, many days or weeks 
were needed to obta in a single 
graph. Using synchrot ron radiat ion 
f rom SPEAR, a graph, w h i c h is also of 
better qual i ty , can emerge in half an 
hour. It is n o w possible to s tudy a tom 
locat ions in complex systems such 
as in the intr icate molecules w h i c h 
play an impor tant part in b io logica l 
processes. The techn ique looks at the 
immediate atomic env i ronment of a 
part icular radiat ion absorb ing a tom 
and can, for example, wa t ch the 
movement of the iron a tom in a 
hemog lob in molecule as it conveys an 

oxygen a tom f rom an oxygen- r i ch 
to an oxygen-poo r env i ronment . 

Other w o r k is concentrated on 
s tudy ing the electrons emi t ted f rom 
materials under radiat ion bombard 
ment. These photo-e lec t rons, carrying 
in format ion on h o w electrons are held 
in the material, can be moni tored by 
a t ime of f l ight method since radia
t ion f rom SPEAR hits its target in we l l 
def ined short bursts corresponding to 
the passage of the single bunch of 
electrons orb i t ing the r ing. 

Bio logical research may be greatly 
helped by the speed at w h i c h data can 
be col lected at SPEAR. It is hoped to 
obta in di f f ract ion patterns of b io logical 
systems, such as muscle or retinal 
t issue, w i t h exposure t imes of less 
than a second so that rapid changes in 
the systems can be invest igated. 
Rather than the convent ional pho to 
graphic techn ique for recording the 
patterns, the possibi l i ty of using 
mul t iw i re proport ional chambers (see 
Apr i l 1973 issue, page 113) is being 
examined. 

W h e n the fu l l higher energy, higher 
intensi ty potent ia l of SPEAR II is 
realized, the synchrot ron radiat ion 
faci l i ty w i l l benef i t enormous ly also. 
Compared w i t h a radiat ion power of 
about 12 kW f rom SPEAR I, some 
150 k W w i l l be emi t ted. The research 
is therefore l ikely to go f rom strength 
to s t rength. It is directed by S. Don iach 
of the Hansen Laboratories at S tan
ford Universi ty w i t h W. Spicer as 
Consul t ing Director. The details above 
are d rawn main ly f rom in format ion 
suppl ied by H. Win ick . 

More on the new particles 

Meanwh i l e the h igh energy physics 
commun i t y at the Laboratory has been 
preoccupied w i t h the new particles 
(see December 1973 issue, page 4 1 5 ) . 
Since the d iscovery at the SPEAR 
storage r ing of unusual ly stable par t i 
cles of mass 3.1 (also discovered at 
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A slight error has been found in the energy 
calibration of SPEAR and this will lead to a small 
downward adjustment of the masses of the 
new particles. 

Brookhaven where it is cal led the J 
part icle) and 3.7 GeV, the exper imental 
and theoret ical w o r k at Stanford has 
fastened onto learning more about 
their propert ies and on t ry ing to 
understand them. 

The first task was to scour careful ly 
the energy region accessible to SPEAR 
to see whether there are any more of 
these cur ious objects ly ing around. A 
search was carried ou t vary ing the 
e lect ron-posi t ron col l is ion energy be
tween 3.2 and 5.9 GeV. This exper iment 
used the large magnet ic detect ion 
system of the Stanford /Berke ley team. 
Apar t f rom the t w o part icles prev i 
ously observed there were no other 
nar row resonances (cor responding to 
stable part icles) detected but some 
broader resonances migh t be there. In 
particular, someth ing seems to exist at 
a mass of about 4.1 GeV. 

By n o w , tens of thousands of 
decays of the t w o particles have 
been recorded both by the S tan fo rd / 
Berkeley team and by a Stanford Phy
sics Depar tment /S tanford High Energy 
Physics Laboratory/Pennsylvania team 
w h o use large sod ium iodide detec
tors at the other SPEAR intersect ion. 
They are able to s tudy part icle decays 
into gammas. 

A f e w observat ions are already of 
interest. The 3.7 GeV part icle has 
been seen to decay about 25 % of 
the t ime into the 3.1 GeV part icle 
plus a couple of p ions. The Stanford 
teams call the particles ps i ; the decay 
then reads ( w i t h masses expressed in 
M e V ) : 

+ (3695 ) -> ( 3 1 0 5 ) + 7r+ + iz-
This st rongly indicates that the par t i 
cles are close relatives of one another. 

W h e n the ^ ( 3105 ) itself decays, it 
seems to prefer go ing to an odd 
number of p ions rather than an even 
number of pions. Look ing at the 
electric charges invo lved, th is suggests 
that the neutral psi does not have 
posit ive or negat ively charged equ iv 
alents. 

A very important addi t ional piece 
of in format ion came f rom the Fermi-
Lab in January. The Co lumb ia /Cor -
ne l l /Fe rm iLab /Hawa i i / l l l i no i s team 
led by W o n y o n g Lee used a pho ton 
beam onto a beryl l ium target and 
looked for product ion of the new 
particles. They saw the 3.1 GeV 
particle being produced plent i fu l ly 
(about ten a day ) , emerging in the 
fo rward di rect ion as the photons were 
conver ted. Th is shows that the par
t icles are hadrons (sensit ive to the 
st rong interact ion) since the cross-
sect ion observed (about 1 f x b ) is 
typ ical of hadrons in pho toproduc t ion . 
It seems to rule out one of the main 
candidates to explain the new par
t ic les, namely that it is neutral inter
mediate boson, and leaves the proper
ties of co lour and charm as the 
f ront runners (see the December 
issue). 

Other studies at SPEAR have not 
yet borne fru i t at the t ime of wr i t i ng 

The properties of the newly discovered particles 
continue to amaze the high energy physics 
community. They have now established 
themselves as the only ones that can write 
their own name. The Stanford/Berkeley team 
called them psi particles and the heavier of the 
two types obliged by writing the appropriate 
Greek letter in a computer reconstruction of 
its decay. The two curved arms are positive and 
negative pions from the decay of <l> (3695) into 
<l> (3105). The straight stem is the subsequent 
electron-positron decay of the <I> (3105). 

but data is being analysed. One is an 
a t tempt to p in d o w n the spin and the 
pari ty of the new particles. This is 
done by co l lect ing data a f e w MeV 
be low where the particle peaks appear 
so as to detect interference effects 
be tween the particle decays into t w o 
muons and 'normal ' p roduct ion of 
t w o muons. Another exper iment is 
look ing for evidence of single h igh 
energy gammas emerging f rom the 
decay of the heavier particle. Var ious 
at tempts to explain the existence of 
the part icles make predict ions about 
such gammas. 

So as not to be complete ly over
shadowed by its storage r ing append
age, the electron linear accelerator at 
Stanford has reached out to a n e w 
energy record. The peak energy is 
n o w 22.74 GeV and it is expected 
that th is w i l l cont inue to be nudged 
higher as the present 20 M W klys
t rons, w h i c h feed r.f. power to the 
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accelerator, are replaced by 30 or 
4 0 M W versions. 

The l inac is also beg inn ing direct ly 
to feed exper iments on the new 
particles. A Wiscons in /S tan fo rd team 
are using the 20 GeV and 8 GeV 
spectrometers to spot electron and 
muon pairs f rom the decay of the 
particles. They can thus measure the 
pho toproduc t ion and e lec t roproduc-
t ion . 

WISCONSIN 
Research on Tantalus 
There have n o w been over six years 
of research w i t h the synchrot ron l ight 
emerging f rom the 240 MeV electron 
storage r ing, Tantalus, at Wiscons in . 
M u c h of the p ioneer ing w o r k on the use 
of synchrot ron radiat ion has been done 
on th is faci l i ty w h i c h is we l l estab
l ished as one of the f inest in the w o r l d . 

Modu la t i on spectroscopy, where 
the opt ical propert ies of the sol id 
state are s tud ied, has opened up a 
w h o l e n e w f ie ld of research and Tan 
talus has had a f ru i t fu l year using th is 
techn ique w i t h synchrot ron radiat ion 
at energies beyond the l i th ium f l uo 
ride cut off. In part icular, some w o r k 
on electroref lectance (D.F. Aspens, 
L G . Olson, D.W. Lynch) unearthed 
fresh in format ion on conduc t ion 
bands. The w o r k has been praised by 
M . Corboda w h o has wr i t ten the 
bible in this f ie ld . 

Studies are con t inu ing on molecular 
bond ing (J .W. Taylor, G.G. Jones ) 
and on the f luorescence and pho to -
dissociat ion of atmospher ic gases 
( L C . Lee, R.W. Carlson, D .L J u d g e , 
M . O g a w a ) . They have been jo ined by 
a new top ic p romoted by D.R. Huf f 
man. He is a t tempt ing to expla in the 
pecul iar i t ies of the spect rum of radia
t ion w h i c h reaches us f rom interstellar 
space, by measur ing the absorpt ion 
and ref lectance of l ikely interstellar mat
ter such as si l icates, garnets and spinels. 

High resolut ion pho to electron 
spectroscopy cover ing the energy 
range f rom 5 to 100 eV is n o w being 
carried ou t gather ing more in forma
t ion f rom angular resolut ion and 
polar izat ion. Chemisorpt ion studies 
are a related development . In addi t ion 
there is the 'bread and butter ' w o r k of 
compi l ing tables of band structures of 
elements and compounds over the 
w h o l e range f rom ultraviolet to soft 
X-rays. 

To round off the synchrot ron radia
t ion picture in th is issue, there is news 
f rom t w o other centres. In the USA, 
the Nat ional Bureau of Standards 
180 MeV electron synchrot ron, where 
research w i t h synchrot ron l ight began 
about twe lve years ago, has been 
converted to a storage r ing w i t h a 
peak energy of 2 5 0 MeV. The increase 
in energy and du ty cycle has stepped 
up the br ightness of the synchrot ron 
l ight (per mi l l iampere of orb i t ing 
electrons) by a factor of 100. (This 
project was descr ibed at the Stanford 
Accelerator Conference in M a y of 
last year by E.M. Rowe, M.A. Green, 
W.S. Trzeciak and W.R. W in te r ) . In 
the U.K., the Science Research C o u n 
cil has g iven its blessing to the c o n 
struct ion of a 2 GeV electron storage 
ring at the Daresbury Laboratory spe
ci f ical ly as a faci l i ty for synchrot ron 
radiat ion research. W e may have more 
on this project in the near future. 

DUBNA 
Muons and pions 
Dur ing the past t w o years research has 
been carried ou t at the Dubna syn 
chro-cyc lo t ron on the interact ion of 
negat ive muons w i t h fissile elements. 
N e w results were obta ined on the pro
babi l i ty of the f ission of nuclei exci ted 
dur ing non-radiat ive t ransi t ion of 
muons in mesonic atoms. Compar i 
son w i t h results on the photo- f iss ion 

of the same isotopes gives a better 
understanding of the structure of the 
f ission barrier. 

One of the results of the s tudy of 
mesonic atoms of uranium was the 
discovery of X-rays w i t h an energy 
3 5 0 eV greater than that of 'normal ' 
X-rays. This w o r k was carried ou t in 
col laborat ion w i t h scientists f rom SIN 
and Freiburg whose exper iments at 
CERN w i t h an i r id ium target also saw 
this effect. 

It can be explained as being due 
to the incomplete shie ld ing of a single 
atomic charge by the muon w h i c h is in 
the orbi t of the mesonic a tom w i t h a 
suf f ic ient ly h igh pr incipal quan tum 
number. Subsequent w o r k at Dubna 
made it possible to determine the 
energy shif t of X-rays for t ho r ium, lead, 
i r id ium and tan ta lum. 

High intensity pion beam 

A method of ob ta in ing a h igh intensi ty 
p ion beam using a solenoid lens w i t h 
inhomogeneousax ia l l y symmetr ic f ie ld 
has been implemented at Dubna. In 
contrast to the t radi t ional method of 
focus ing paraxial charged part ick 
beams by quadrupole lenses, essen
t ia l ly non-parax ia l beams were used 
w i t h the angles of the particles emi t ted 
f rom the target in relat ion to the f o c u 
sing system as h igh as several tens of 
degrees. For a w i d e category of 
inhomogeneous , axial ly symmetr ic 
f ie lds (enhanced at the ends or having 
a f ie ld d is t r ibut ion a long the axis w i t h 
a d ip in the midd le) there is a lways a 
fami ly of trajectories for w h i c h w i d e -
angle focus ing cond i t ions are satisfied 
w i t h a sol id angle of capture of about 
one steradian w i t h small spherical and 
chromat ic aberrations. 

A p ion lens was constructed having 
six exci tat ion coi ls w i t h a tota l of 
2 5 0 0 turns surrounded by an iron 
yoke. A n intermediate yoke placed in 
the midd le of the lens creates a sharp 
d ip in the f ie ld wh i l e st rongly increas-
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ing the f ie ld in the region of the target 
and focal points. A central shie ld ing 
core w i t h helical baff les is placed in 
a 4 5 0 mm diameter vacuum chamber 
to separate the particles com ing f rom 
the target accord ing to their charge 
s ign. The total w e i g h t of the lens is 
86 tons and its max imum exci tat ion 
current is 900 A. 

For negative pions w i t h an energy 
of about 30 MeV, f rom a 670 MeV 
proton f lux of 1 0 1 2 per second str ik ing 
a copper t a rge t the f o l l o w i n g beam 
parameters were obta ined — total 
in tensi ty : 1 0 7 s~ 1 ; f lux 1 0 5 c r r r 2 s - \ 
s topp ing intensi ty: 5 x l O ' g - V 1 in 
water. For a posit ive p ion beam these 
parameters are about four t imes higher. 
The dose rate in the Bragg peak for a 
negat ive p ion beam is about 3 rad /m in . 

It is in tended to use the beam for 
radiobio logical and c l in ical research 
and also for physics exper iments in 
w h i c h it is impor tant to have a h igh 
p ion s topp ing intensity. 

Conferences 
T w o meet ings w h i c h may interest 
some of our readers: 

16-21 June , 'Exper imental Status 
and Theoret ical Approaches in Physics 
at the High Energy Accelerators ' , The 
Inst i tute of Particle Physics, Inter
nat ional Summer Schoo l 1975 , to be 
held at McGi l l Universi ty Mont rea l , 
in format ion f rom — Secretary IPP, 
Department of Physics, McGi l l U n i 
versity, P.O. Box 6 0 7 0 Stat ion A, 
Mont rea l , Quebec, Canada H3C3 G 1 . 

1-10 October, 'H igh Energy Radia
t ion Dosimetry and Protect ion ' , to be 
held at Ettore Majorana Internat ional 
Centre for Scient i f ic Cul ture, Erice, 
Sici ly, in format ion f rom — A. Rindi , 
Lawrence Berkeley Laboratory, U n i 
versity of Cal i fornia, Berkeley, Cal i 
fornia 9 4 7 2 0 USA. 

On 27 January, a meet ing of the 
European Commit tee for Future Acce l 
erators was held at CERN under the 
Chairmanship of W. Paul. There 
were t w o major items for d iscussion. 
The first concerned the e lect ron-
posi t ron storage ring proposals in 
Europe, plus the ideas on higher 
energy p ro ton-p ro ton storage rings 
at CERN. The second concerned the 
report of an ECFA Work ing Group on 
the internal and the external relations 
of the European high energy physics 
commun i ty . 

The designs of the t w o proposed 
h igh energy e lect ron-posi t ron ma
chines have been covered in CERN 
COURIER (January, page 12, and 
th is issue, page 3 7 ) . EPIC was 
described at the Meet ing by the 
Director of the Rutherford Laboratory, 
G.H. Staf ford, and PETRA by the 
Director of the DESY Laboratory, H. 
Schopper. In a hard-h i t t ing debate 
f o l l ow ing the presentat ions, the sc ien
tists f rom the UK and f rom the Federal 
Republ ic of Germany displayed c o n 
siderable skill in project ing the d i f fe
rences between the proposals — na tu 
rally, to their respective advantages. 

In terms of their physics potent ia l , 
they are largely the same machine. 
The problem is that, especial ly in the 
present economic and social c l imate, 
it is general ly accepted that t w o such 
machines should not be bui l t in 
Europe. EPIC is seen as essential to 
ensure the cont inued v i ta l i ty of the 
Rutherford Laboratory and the future 
of par t i t le physics in the UK, succeed
ing both the 5 GeV electron syn 
chrot ron, N INA, and the 7 GeV pro
ton synchrot ron, N I M R O D , by 1980. 
PETRA is seen as vital for the future of 
the DESY Laboratory and a logical 
extension of the research on the 
7 GeV electron synchrot ron and the 
DORIS storage rings already under 
way . It is not easy for ECFA to play 
So lomon in this s i tuat ion. 

The message f rom ECFA is that 
there is a very strong physics case for 
bu i ld ing such a machine and th is 
case has n o w been greatly reinforced 
by the discovery and invest igat ion of 
the fascinat ing new particles on the 
SPEAR storage r ing at Stanford (see 
December 1974 issue, page 415 and 
th is issue, page 4 2 ) . 

Either EPIC or PETRA w o u l d keep 
Europe in the f ront l ine of the f ie ld of 
electron co l l id ing beam physics and 
comp lement the excel lent faci l i t ies for 
proton physics bui l t up at CERN. 
Both projects are seen as complete ly 
open to the ful l European h igh 
energy physics communi ty . 

A l ready Italian physicists, w h o n o w 
do not ant ic ipate having a similar 
machine (Super A D O N E ) in Italy in 
the near future, have made k n o w n 
their in tent ion of con t inu ing to do 
research w i t h e lect ron-posi t ron co l l i d 
ing beams if faci l i t ies become available 
in Europe we l l beyond the energy 
range of A D O N E at Frascati. Other 
countr ies have also been invi ted to 
express their interest in EPIC and /o r 
PETRA. 

The report on future proton storage 
r ings by K. Johnsen , was concerned 
w i t h ideas for much longer term 
development . Fo l low ing the A u t u m n 
Study (see October 1974, page 334 ) 
more detai led sets of parameters have 
been st rung together for storage rings 
to ho ld protons up to an energy of 
4 0 0 GeV and where the CERN 
4 0 0 GeV proton synchrot ron cou ld be 
used as an injector. Rings bui l t of 
convent iona l magnets or of supercon
duc t ing magnets have been treated 
and their possible locat ions in relation 
to the SPS examined. The ideas are 
however a long w a y f rom being in the 
fo rm of a proposal like EPIC or 
PETRA. 

'ECFA Work ing Group 3' was set up 
almost t w o years ago to examine the 
relat ionships between the const i tuent 
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parts of the h igh energy physics c o m 
mun i ty and the relat ionship w i t h the 
c o m m u n i t y as a who le . 

The h igh energy physics commun i t y 
in Europe can be put into three boxes 
— the physics Departments in the 
Universit ies in all the Member States, 
the Nat ional Inst i tutes and CERN. In 
the past t w e n t y years the re lat ion
ships be tween these componen t parts 
appear on the w h o l e to have been 
very we l l managed. The success of 
the commun i t y , organizat ional ly as 
we l l as scient i f ical ly, is of ten held up as 
a model . Nevertheless, it was judged 
r ight to take a hard look at the 
European scene, part icular ly since the 
general env i ronment in w h i c h h igh 
energy physics is done is chang ing 
rapidly. 

The Work ing Group made a series of 
recommendat ions at the end of its 
discussions and these were presented 

at the ECFA Meet ing by the Chairman 
of the Group, J.C. Gunn . 

The first recommendat ions c o n 
cerned the demographic problem of 
sustain ing a v igorous commun i t y at 
a t ime w h e n the total number of 
scientists involved is no longer g r o w 
ing. The Group stressed the need for 
nat ional bodies and CERN to w a t c h 
such th ings as the balance be tween 
temporary and permanent appo in t 
ments in the f ie ld . 

There were recommendat ions c o n 
cerning the detai led problems c o n 
f ronted by vis i t ing scientists w o r k i n g 
at CERN. Wh i le not suggest ing any 
fundamenta l changes in the system, 
these recommendat ions aim to help 
smooth the mechanisms stil l further. 
In the subsequent discussion it was 
obv ious that the scale of h igh energy 
physics exper imentat ion is result ing in 
g r o w i n g di f f icul t ies for scientists in 

some regions w h i c h do not have the 
suppor t of large Nat ional Insti tutes. 

On the relat ionship be tween the 
Nat ional Inst i tutes and CERN there is 
concern about the h igh centra l i 
zat ion of research faci l i t ies at CERN. 
This was seen by some as prov id ing a 
further argument for the deve lopment 
of an e lect ron-pos i t ron co l l id ing beam 
machine elsewhere. Finally, it w a s felt 
that more cou ld be done to project 
h igh energy physics to the rest of the 
c o m m u n i t y and there were recom
mendat ions for act ion in the f ie ld of 
educat ion , on student programmes at 
CERN and on visits t o research 
Laboratories. 

Professor Paul has become Chair
man of the CERN Scient i f ic Pol icy 
Commit tee and Professor G. Von 
Dardel was elected to succeed h im as 
Chairman of ECFA. 
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Graphics computing 
is no longer 
a rich man's tool. 
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L o w - c o s t . Graphics computing used to 
be an expensive proposition. But this is 
no longer the case. Thanks to Digital's low-
cost GT graphics computer systems which 
give you outstanding performance at or
dinary prices. Which means that the ben
efits of graphics computing are now 
accessible in more applications to more 
people. 

Power fu l . Take your choice. From three 
multi-purpose systems that combine the 
convenience and flexibility of graphics 
display with the power of a Digital PDP-11 
computer. To meet your exact price/per
formance requirements. Our GT-40 Sys
tem is only S.Fr. 55.100. For growing needs, 
there's the expandable GT-42 System -
just S.Fr. 66.500. Or, for even greater per
formance, our GT-44 System, S.Fr. 131.000. 

Full-range. Depending upon the system, 
you get the power of a PDP-11/10 or 11/40 
CPU. Plus your choice of peripherals and 
software. Including a special-purpose 
graphics display processor with hard
ware character and vector generator. Two 
1.2-million word removable cartridge disk 
drives with controller. A 12- or 17-inch 
CRT monitor with light pen. And more. 
Plus Digital's standard operating systems 
including our unique LA-11 library of five 
laboratory applications modules. 

Digi ta l Graphics Sys tems , 
best of bo th w o r l d s . 

For the 

Please send me complete informa
tion about Digital's GT-40, GT-42 
and GT-44 graphics computer sys
tems. 

Name 

Position 

Company 

Address 

Telephone 

Digital Equipment Corporation 
International (Europe), 
81, route de I'Aire, 
CH-1211 Geneva 26, 
Tel. (022) 42 79 50. 

O f f i c e s in R e a d i n g , L o n d o n , B i r m i n g h a m , B r i s t o l , L e e d s , 
M a n c h e s t e r , E d i n b u r g h , M u n i c h , B e r l i n , C o l o g n e , F r a n k f u r t , 
H a m b u r g , H a n n o v e r , S t u t t g a r t , V i e n n a , S t o c k h o l m , G o t h e n 
b u r g , O s l o , C o p e n h a g e n , H e l s i n k i , Pa r i s , G r e n o b l e , U t r e c h t , 
B r u s s e l s , G e n e v a , Z u r i c h , M i l a n , T u r i n . 

tla 
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EPOXY E-Solders 
electrically conductive adhesives, bonds all 
materials, cures at room temperature, high ther
mal conductivity, no flux contamination, low 
electrical resistance,excellentshielding,0,0005 
ohm/cm, tensile 170 kp/cm 2, up to 210°C 

(solders), 500 °C (paints). 

EPOXY Produkte GmbH & Co 
Vertriebs KG 6149 Fiirth/O 
Tel . : 06253 / 4546 FS: 468458 

FOILS 
Thickness: J0.0005mm - 0.150mm 

Over 1000 items stocked 

POWDERS 
Particle size range 1-500jji 
30 metals available f rom stock 

WIRES 
Diameter: 0.010mm - 1.00mm 

Over 100 items stocked 
Pt R h 

D E S P A T C H - T 
2/3 DAYS Ag P d 

Re W 

Nb Stainless steels 
^ ^ ^ ^ ~ u / N i Yb 

Ni/Cr W/Re 

We specialise in small quantities for Research and Development 

GOODFELLOW METALS LTD 

m 
Science Park, M i l ton Road 

C A M B R I D G E , C B 4 4 D J . England 

Tel. Cambridge 69671 Telex 81683 
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ThyratronCXU71B. 

When you have an inverse voltage 
problem then you have an interest 
in EEV's double-ended thyratron. 

Conventionally, the thyratron 
has been a triggered unidirectional 
switch. EEV has now designed, 
constructed and successfully run 
new triggered hydrogen thyratrons 
capable of conducting in both 

directions without affecting the 
hold off voltage. 

These new double-ended tubes 
are available in both 3in. and 4%in. 
ceramic bodies - 2,3 or 4 gaps. 

Can we discuss our ideas and 
your problems with you? Please 
contact our hydrogen thyratron 
engineers at Chelmsford. 

EEVand M-OV know how 
THE M-0 VALVE CO LTD, Hammersmith, London, England W6 7PE.Tel: 01-603 3431 .Telex: 234356.Grams: Thermionic London, ^ » « ^ 

ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU.Tel: 0245 61777.Telex: 99103. Grams: Enelectico Chelmsford, ^ © t 

ENERPAC Verms et pompes 
haute pression 
Pompes inoxydables 

E N E R P A C 

machines 
appareils 

Case postale 105 1211 GENEVE7 

C() (022) 340392 ou (022) 4525 67 

51 



POUR LULTRA-VIDE 
une nouvelle generation 
de roulements a billes 

*•* * 1 d o n t les e lements - bagues , bi l les et 
j^Sjpir^, ^Vw^fc l^ cages a bi l les - p e r m e t t e n t prat ique-

jffify'r ? * - -^ ik m e n t d 'ev i ter le soudage de c o n t a c t 
M%kk ^ \ f * l % que favor isen t I ' U L T R A - V I D E et les 

' ^ H A U T E S T E M P E R A T U R E S , et d'as-
B % ^ f \ * surer une longev i te par t icu l ie rement 

V' - remarquable grSce: 
a la grande dure te des c h e m i n s de 
bi l les, 
aux bi l les adaptees a I 'appl icat ion et 
a la cage de nature au to lubr i f i an te . 

Tableau de durees de v ie c o m p a r a t i v e s dans I 'ULTRA-VIDE 
Duree en heures 
a 3 0 0 0 t / m i n > 0 1000 2000 3000 4000 

R o u l e m e n t s 
s t a n d a r d 

N o u v e l l e 
g e n e r a t i o n 
de r o u l e m e n t s 
R M B 

a 2 0 ° C, sees: duree < 3 0 m i n . 

a 2 0 ° C, avec t r a i t e m e n t s a u t o l u b r i f i a n t s : duree < 1 0 0 h. 

en h a u t e t e m p e r a t u r e = 4 5 0 ° C: duree m i n i m u m 1000 h. 

en v i d e p r o p r e a 2 0 ° C: duree m i n i m u m 4000 h. 

en u l t ra -v ide a 2 0 ° C: d u r e e p lus de 5000 h. 

N o m b r e d e t o u r s • 0 1,8.10 3 ,6 .10° 5,4.10 7 ,2 .10 * 9 . 1 0 s 

N o t e : Ces va leurs , realisees en l a b o r a t o i r e , n ' e n g a g e n t pas R M B 

Roulements Miniatures SA, Eckweg 8, Tel. 032 414721, CH-2500 Bienne (Suisse) 



Uberwachung 
mil System 

O b Messen , U b e r w a c h e n until oder A la rmie ren - w i r 

O b Messen , U b e r w a c h e n u n d / ^ L V O d e r A la rmie ren - w i r 

b ie ten das r icht ige Sys tem. Zuver lass ig , s icher 

bewahr t . Fur j edes Pro jekt u b e r n e h m e n 

w i r auch d ie gesamt e Pro jek t ie rung und Instal

lat ion sow ie den Serv ice. 

1401 Sieger 
Eiri Begriff fur stationary 
Gasuberwachungs-Anlagen 
fur den Explosionsschutz 
oder den Toxschutz. 
Einsatz fur alle brennbaren 
Gase/Gas-Luft-Gemische 

UEI 
Uberwachungs-Systeme. 

Stationare oder 
tragbare Gerate zum Messen 

und Alarmieren von schwer 
erfassbaren Medien. 

Messbereich zwischen 
0 bis 20 PPM/250 PPM. 

UEI 
Zum Beispiel fur TDI, 
Schwefelwasserstoff, Phosgen, 
Stickstoffdioxid, Chlor, Vinylchlorid. 

Grubb Parson 
Ein technisch interessantes Programm 
von Gasanalisatoren zum 
Uberwachen von nicht oder schwer 
brennbaren Medien wie C02, CO, N20, 
NO, S02, Freon 12 
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S c h l u m b e r g e r information Dewa ld Electronic 

Cherchez-vous 
une «bonne» pour 

faire vos mesures? 

t e m p e r a t u r e s , a l l o n g e m e n t s , 
f o r c e s , v o l t a g e s , e t c . 

A y e z r e c o u r s a S c h l u m b e r g e r -
p r e m i e r e n E u r o p e d a n s l a p r o d u c 
t i o n d e « D a t a L o g g e r » . 

Profi tez de notre longue exper ience. Nous vous 
a iderons a chois i r le systeme qui conv ient a vos 
besoins. Not re p r o g r a m m e est main tenant comple t . 

Parmi nos c inq fami l ies de systemes, nous t rouverons 
fac i lement celui cor respondant a vos desirs. En m e m e 
t e m p s , nous repondrons aux quest ions concernant 
ce qui ne f igure pas dans les not ices techn iques . 
Nos systemes t rava i l lent durant t o u t e I'annee dans 
I ' industr ie , I 'enseignement et dans les laboratoires. 

Nous s o m m e s conva incus: la p r o d u c t i o n part icul iere 
ne se jus t i f ie plus au jourd 'hu i - laissez-nous vous 
le prouver! 

Schlumberger -
les professionnels! 

ADVANCE 

Swi tch ing Power Suppl ies 

N e w 

Reliable 

Light we igh t 

Small size 

Many units work ing at CERN 

5 V, 2 0 / 4 0 / 6 0 A 

12 V. 8 A 

15 V, 7 / 1 4 A 

24 V, 4 / 8 A 

Ripple 10 mV rms 

Over load- and Overvoltage Protection 

Efficiency > 7 0 % 

Series and Parallel Operation 

Programmable 

5V units f rom stock Zur ich 

8040 Z u r i c h 1207 G e n e v e 
T e l . 01 5 2 8 8 8 0 T e l . 0 2 2 3 5 9 9 5 0 

M i i n c h e n - W i e n - Pa r i s - M a i l a n d - S t o c k h o l m 
D e w a l d A G S e e s t r a s s e 561 T e l . 01 4 5 1 3 0 0 

8038 Z u r i c h T e l e x 52012 
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Multi-Turn Commercial Cermet-Potentiometer 
Trimpot® Model 3339 

• Unique planetary drive offers precise wiper setting of a multi-turn in sigle-turn package size. 
• Low cost commercial PALIRIUM® cermet four-turn. 
• Space saving size: 0.30" diameter x 0.25" high. 
• Low temperature coefficient: ±100 ppm/°C over entire temperature and resistance ranges. 
• 0.5 watt power rating at 85°C. 
• Sealed to withstand wave soldering and immersion cleaning process. 
• Complete resistance range: 10O to 1 Meg. 
• Meets performance requirements of MIL-R-22097. 
• Available ex stock CERN ! 

For complete details contact: 

Bourns (Schweiz) AG Baarerstrasse 8 6301 Zug 
Tel. 042 23 22 42 Telex 78722 
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This new Edwards 
wallchart simplifies 
the selection 
of instruments 
for vacuum 
measurement and 
process control 
The f ront enables you to make an at-a-glance comparison 
of the pressure range and basic characteristics of 
every gauge, and the back illustrates and describes 
the gauges, controllers and gauge heads individually. 

EWIEASAIR 
L I M I T E D 

INCORPORATING 

ABBEY FREIGHT SERVICES 
LIMITED 

EXPRESS-SERVICES 
to 

UK 

Departures each 

TUESDAY-THURSDAY 
R o u t e d u G r a n d - L a n c y 6, 1211 G e n e v a 26 

P h o n e : 022 / 43 09 09, t e l e x 27 596 

Edwards E d w a r d s H i g h V a c u u m 
(Par t o f B O C L td ) czzzz 

Manor Royal, Crawley, West Sussex, RH10 2LW, England 
T e l ; Crawley 28844 (STD Code 0293) 
Te lex : 87123 Edhivac Crawley 

P I 5 I I 

ONE OF THE 2500 AVAILABLE 

HOKE VALVES 

316 SS 

OR BRASS 

-40°C TO 600°F 

HIGH 

V A C U U M 

TO 1000 PSIG 

HOKE BELLOWS SEALED VALVES 
(4100 SERIES) 

MATKEMI AG 
4106 Therwil 
Erlenstrasse 27 
Telefon 061 / 73 48 22 
Telex 6 2 4 4 0 
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TIME 
y o u r f a s t l o g i c 

s y s t e m 

AUTOMATICALLY 

S E N ' S n e w r a n g e o f C A M A C F A S T L O G I C m o d u l e s i n c l u d e s 

t h i s p r o g r a m m a b l e d e l a y w i t h a u t o m a t i c ( d a t a w a y ) a n d m a n u a l 

c o n t r o l o f t h e t w o i n d e p e n d e n t d e l a y l i n e s . 

T h e o t h e r m o d u l e s i n t h i s s e r i e s i n c l u d e p u l s e s h a p e r s , d i s 

c r i m i n a t o r s a n d a p r o g r a m m a b l e l o g i c u n i t . A l l t h r e e u n i t s a r e 

p a r t o f t h e S E N D E L A Y P L O T s y s t e m - t h e c o m p l e t e l y a u t o 

m a t i c w a y t o p l o t d e l a y c u r v e s . 

D U A L . P R O G R A M M A B L E D E L A Y 

2 P D 2 0 4 8 

I n t e r n a l C a b l e s : 

D e l a y s : 

^ D e l a y S w i t c h i n g ; 

D e l a y S e l e c t i o n : 

S e l e c t i o n T i m e : 

5 0 O h m c o a x i a l . 

6 . 5 t o 3 8 n s , i n i n c r e m e n t s o f 0 . 5 n s . , 
p l u s p r o v i s i o n f o r a n e x t e r n a l d e l a y l i n e . 

s u b m i n i a t u r e s e a l e d r e l a y s , c o n t r o l l e d b y 
a r e l a y p o s i t i o n r e g i s t e r , 

t h e r e l a y p o s i t i o n r e g i s t e r i s l o a d e d w i t h 
a 7 - b i t w o r d f r o m t h e C A M A C D a t a w a y , 
o r i n c r e m e n t e d m a n u a l l y b y u t i l i z i n g t h e 
f r o n t - p a n e l p u s h - b u t t o n s . 

a n L i s g e n e r a t e d a s s o o n a s t h e s w i t c h 
i n g i s c o m p l e t e d . 

T h i s i s a s t a n d a r d C A M A C d o u b l e - w i d t h m o d u l e , c o n f o r m i n g 
t o E U R 4 1 0 0 - r e v i s i o n 1 9 7 2 . 

C o n t a c t a n y o f t h e S E N o f f i c e s b e l o w f o r 
m o r e d e t a i l s a b o u t t h i s a n d o t h e r C A M A C 
e q u i p m e n t . 

E L E C T R O N I Q U E 

3 1 , A v . E r n e s t P i c t e t 1 2 1 1 G E N E V E 1 3 S U I S S E C a s e p o s t a l e 3 9 T e l . ( 0 2 2 ) 4 4 2 9 4 0 T e l e x 2 3 3 5 9 C H 

S E N E L E K T R O N I K A G Z U R I C H T e l . (CH) 8 G 5 1 0 3 T e l e x 5 8 2 5 7 C H 

S E N E L E K T R O N I K G m b H H A M B U R G , G e r m a n y T e l . 0 4 1 0 3 B 2 S 2 T e l e x 2 1 S 3 5 4 B D 



Powerful 
partnership... 

Now, Hazemeyer of Holland and Brentford of England 
bring you a vast pooled 

experience in higly stabilized DC power supplies 

B r e n t f o r d of E n g l a n d a n d Hazemeyer , f o r m e r l y S m i t N i j m e g e n , of t h e N e t h e r l a n d s have p o o l e d the i r 
vast exper ience in D C p o w e r s u p p l i e s fo r nuc lear a n d p lasma research. W i t h the i r b a c k g r o u n d of h u n 
d reds of ins ta l l a t ions all over t h e w o r l d B r e n t f o r d / H a z e m e y e r p o w e r s u p p l i e s can p r o v i d e o u t p u t s f r o m 
1 k W t o 2 0 M W . 

S h o w t h e m y o u r latest r e q u i r e m e n t s a n d get t h e benef i t f r o m t h i s u n i q u e p o o l i n g of p o w e r b r a i n p o w e r . 

E x a m p l e s : 
• H i g h l y s tab i l i zed D C p o w e r s u p p l i e s fo r cur ren ts up t o 2 0 k A a n d v o l t a g e s up t o 2 kV are p o w e r i n g 

a m o n g s t o thers b e n d i n g - a n d f o c u s s i n g m a g n e t s for par t ic le acce lera tors in Geneva ( C E R N ) , H a m 
b u r g ( D E S Y ) , H a r w e l l ( R u t h e r f o r d L a b o r a t o r y ) , Daresbury ( N I N A ) . 

• Pulsed p o w e r s u p p l i e s are p r o d u c i n g large m a g n e t i c f i e lds in s e p t u m m a g n e t s . 
• A c c u r a t e l y c o n t r o l l e d p o w e r s u p p l i e s are c h a r g i n g c a p a c i t o r b a n k s for p lasma p h y s i c s e x p e r i m e n t s . 
• H i g h v o l t a g e rect i f iers are s u p p l y i n g p u l s e d i o n s o u r c e s up t o 6 M W . 
• Heavy c u r r e n t rect i f iers are g e n e r a t i n g large m a g n e t i c f i e lds in Z co i ls t o s tabi l i ze t o r o i d a l p lasmas. 

Brentford 
B r e n t f o r d Electr ic L i m i t e d M a n o r 

R o y a l , C r a w l e y , W e s t Sussex RH 10 2 Q F 
E n g l a n d , 

T e l e p h . : C r a w l e y ( 0 2 9 3 ) 2 7 7 5 5 
Te lex 8 7 2 5 2 

Hazemeyer 
Hazemeyer B.V. RT - d e p a r t m e n t 
P.O. B o x 23 , H e n g e l o , 
H o l l a n d , 
T e l e p h . 0 5 4 0 0 - 6 2 7 2 3 
Telex 4 4 8 9 2 

T h e p o w e r s e c t i o n of a 1 8 5 v o l t 1 1 0 0 a m p e r e 
B r e n t f o r d / H a z e m e y e r h i g h l y s tab i l i zed D C p o w e r s u p p l y . 



PULSE GENERATOR 

• 50 MHz 
± 1 0 V 
into 50 H 

• Versati l i ty 
• Square Wave 

Facility 

Type 233 Twin Channel Pulse Generator Fr. 2900.-

SCOPE CALIBRATOR 
• Voltage 

i • Time 
i • Risetime 

Synchronisa
t ion and 
t r i g g e r o h m * miimm a - a ^ ^ • 

Type 192" Four Instruments in o n e " Fr. 5880.-

Telemeter Electronic AG 
8027 Zurich Tel. 01 25 78 72 

imprimes' 
Av. de Provence 20 -1007 Lausanne/Suisse ' 

Tel . (021) 2 5 6 6 6 6 - 65 Te lex 2 5 6 4 0 

Wide Band, Precision 

CURRENT 
MONITOR 

With a Pearson cur ren t mon i to r and an 
osci l loscope, you can measure pulse or 
ac currents f r o m mi l l iamperes to kilo-
amperes, in any conductor or beam of 
charged part ic les, at any voltage level up 
t o a mi l l ion vo l ts , at f requencies up t o 
35 MHz or down to 1 Hz. 

The m o n i t o r is physical ly isolated f r o m 
the c i rcui t . It is a current t rans fo rmer 
capable of highly precise measurement 
of pulse ampl i tude and waveshape. The 
one shown above, fo r example, of fers 
pulse-ampl i tude accuracy of 4 - 1 % , — 0 % 
(typical of all Pearson current mon i to rs ) , 
20 nanosecond rise t i m e , and droop of 
o n l y 0 . 5 % per m i l l i s e c o n d . Three db 
bandwidth is 1 Hz to 35 MHz. 

Whether you wish t o measure current 
in a conductor , a k lyst ron, or a part icle 
accelerator, i t ' s l ikely tha t one of our 
o f f - the -she l f models ( rang ing f r o m y2" 
t o 1 0 3 / 4 " ID) wi l l do the job . Contact us 
and we wil l send you engineer ing data. 

P E A R S O N E L E C T R O N I C S I N C 

4007 T r a n s p o r t St., Palo A l to , Ca l i fo rn ia 94303 
T e l e p h o n e (415) 326-7285 
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The MC-Ctossbar 
Distributor MC-Crossbar Distributors 

tere used in testing facilities 
andldistribution stations 

as line selectors. They permit the selective^iJ^fitfLition of incoming curfents to particular consumers. 
We supply distributor§.j^65T63,100, 200, 250, 400, 630, §1000, 2000 and 3000 A. 

Our specialistsjMQuJdlike to advise yo\u^^^^ the finish i f your distribution station 
other problems concerning 

connections. 

Plugs and sockets for electronics 
applications and electrical engineering. 

••Contact Co. Inc. Basel, 4123 Allschwil 1, Fabriksirasse 2, Postfach 
Telefon (061) 631500, Telex 63307 

A R M A T U R E N 

PHOENIX l iefert fur die Reaktortechnik 
• H e l i u m v e n t j l e b is 1CT 7 Torr l /sec . 

D icht lgkeJt n a c h aussen 
• T i e f t e m p e r a t u r v e n t i l e fu r f l u s s i g e Gase 
• F luss igke i ts - u n d M a g n e t s t a n d a n z e i g e r 

H O F E R - e i n Spezialist fur Hochdruck 

• B l o c k a r m a t u r e n bis 1 0 0 0 0 bar 
• M e m b r a n - u n d K o l b e n k o m p r e s s o r e n 
• L a b o r a u t o k l a v e n 

IMAF, Armaturenfabrik von Saab-Scania 

• Ke i l f l achsch ieber , rost f re i aus 4 4 3 6 
• A b s p e r r k l a p p e n mi t A n t r i e b e n 
• N A F - C h e c k - R i i c k s c h l a g k l a p p e n 
• K u g e l h a h n e 

v o r m . W I S M E R A G 

Oer l ikoners t rasse 8 8 
8 0 5 7 Z u r i c h 

Te l . 01 / 4 6 4 0 4 0 

£tabl issements 

B O U R G E O I S 
S.A. capi ta l 1 2 0 0 0 0 0 F. 

3 4 , rue de Liege 
7 5 0 0 8 P A R I S 

Te lex 28 3 6 3 Cetaver Paris 

Rubans , tresses, c o r d o n n e t s , tubes , art ic les indus
t r ia ls speciaux p o u r : 

- e m p l o i s d ie lec t r iques 
- f re t tages, enrubannages, e tc . . . 

Specialises en mat ieres s y n t h e t i q u e s : 

- f i l de verre (s i l ionne et verranne) 
- f i l p o l y a m i d e 
- f i l po lyes ter re t rac tab le o u n o n 
- si I ice 
- Kevlar 

- f i l s t h e r m o s t a b l e s ( N o m e x , Kermel ) 
e tc . . . 

QUESTIONNEZ-NOUS 
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Simple 
ways are 
also often 
better 

For example: 

Connecting a Camac Crate t o a 
Hewlett Packard 2100, 2114, 2115, 
2116 or 21 MX could hardly be 
simpler, or better, than through 
a Borer 1531A Crate interface. 

Just look at some of the features 
of the 1531 A; 

- Optimum price/performance ratio, 
especially for small systems 

- Only 2 Camac units wide 
- Replaces the orate controller 
- Fast and flexible demand 

handling 

- Easy DMA operation 
- Good software support 

Why be more complicated ? 
The Borer 1531A is an industrial feed 
version of the CERN Type 172 (formerfy 066) 

DOTST 
4 5 0 0 SOLOTHURN 2, SWITZERLAND 
teh 0 6 5 / 3 1 1 1 3 1 telex: 34228 

FISCHER electric connectors w i t h 
sel f - locking satisfy the most exacting 
requirements of modern technologies 
such as nuclear research, atomic energy, 
space research, etc. 

Their main characteristics are: 
- robust construct ion and high precision 
- dependable operat ion, se l f - lock ing 
- simple keying 
- simple and trouble-free mount ing 
- reliable posit ioning on different 

elements guaranteed by t w o half-shell 
shaped metallic guides 

- high quali ty insulat ion, normally of 
P.T.F.E. 

- pressure t ight and high vacuum 
sealed designs 

- sealed models resistant to radiation 
up to 1 0 8 Rad. and temperatures 
f rom - 6 0 to + 2 0 0 °C 

- construct ion w i t h ceramic insulat ing 
material resistant to radiation 
and to high temperatures 

- special connectors for thermocouples 

W . W . F ISCHER 
Rue des Charpentiers 19 

C H - 1 1 1 0 MORGES 
<p (021) 71 33 01 

Telex 2 42 59 fisch ch 

Touches lumineuses 
serie 31 

• style raffine, profondeur reduite, surface lumineuse accrue 
— calottes plates ou concaves. 

• microrupteur en argent plaque or 10^, 250 V<^, 5 A, cos .^ l 
— 1—4 poles, action momentanee ou maintenue. 

Electro-Appareils Olten SA, Tannwaldstrasse 88, 
CH-4600 Olten, telephone 062/21 19 61 
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9041 

R£<»i$TEfU 

REGISTER 2 

NEW DUAL 
NPUT-OUTRJT 

R8 

kmi OUTPUT 

9 0 « . 

AGISTER 1 

IhiPUT 
OUTPUT 

«£8IST£& 
9048 

INPUTS 

W\ IN 

1 

OUTPUTS 

DAT* OUT 

9041 / A B Dual I n p u t — 24 B i ts 

T h e 9 0 4 1 / A B a c c e p t s d a t a v i a m u l t i w a y f r o n t p a n e l c o n n e c t o r s , 
s t o r e s i t in t w o 2 4 b i t p a r a l l e l e n t r y r e g i s t e r s a n d t r a n s f e r s it t o 
t h e d a t a w a y in r e s p o n s e t o read c o m m a n d s . T h e t r a n s f e r t o t h e 
r e g i s t e r is i n i t i a t e d b y a d a t a s t r o b e w h i c h m a y be p r o v i d e d f r o m 
a n e x t e r n a l s o u r c e o r f r o m t h e d a t a w a y , a n d c o n t r o l s i g n a l s 
are p r o v i d e d f o r use in h a n d s h a k e t r a n s f e r s . 

9 0 4 1 / A : A c c e p t s d a t a v ia 1 0 0 o h m i m p e d a n c e t e r m i n a t e d 
c a b l e s 

9 0 4 1 / B t A c c e p t s C A M A C u n t e r m i n a t e d s i g n a l s 

9042 Dual O u t p u t — 24 B i ts 

T h i s m o d u l e p r o v i d e s d u a l 2 4 b i t o u t p u t s c o n t r o l l e d b y i n t e r n a l 
r e g i s t e r s , w h i c h c a n be set a n d read b y d a t a w a y c o m m a n d . 
O u t p u t s are o n d u a l 2 5 - w a y C a n n o n s o c k e t s a n d are c a p a b l e o f 
s i n k i n g 4 0 m A t o e a r t h . 

9043 Dual O u t p u t — 24 B i ts 

T h i s m o d u l e p r o v i d e s d u a l o u t p u t s o f 2 4 b i t s e a c h , c o n t r o l l e d 
b y i n t e r n a l r e g i s t e r s w h i c h c a n b e set a n d read b y d a t a w a y 
c o m m a n d . D a t a t r a n s f e r s t o a p e r i p h e r a l c a n be c o n t r o l l e d b y 
h a n d s h a k e s i g n a l s a n d c a n b e i n i t i a t e d b y t h e c o m p u t e r o r t h e 
p e r i p h e r a l . 

9048 I n p u t / O u t p u t Register 

T h i s m o d u l e is a n u p d a t e d v e r s i o n o f t h e p o p u l a r 9 0 1 7 u n i t . It 
c o n f o r m s w i t h t h e r e v i s e d 4 1 0 0 s p e c i f i c a t i o n , a n d a l s o p r o v i d e s 
i n c r e a s e d v e r s a t i l i t y a t l o w c o s t . 

N e g a t i v e or p o s i t i v e l o g i c o u t p u t c a p a b l e o f s i n k i n g 4 5 0 m A t o 
e a r t h o r w i t h s t a n d i n g + 6 0 V w i t h r e s p e c t t o e a r t h . 

W r i t e f o r d e t a i l s a n d f o r 1 2 5 - p a g e C A M A C C a t a l o g u e N o 66 c o n t a i n i n g 
f u l l s p e c i f i c a t i o n s o f t h e m o s t e x t e n s i v e r a n g e o f u n i t s a v a i l a b l e f r o m a s i n g l e m a n u f a c t u r e r . 

N U C L E A R E N T E R P R I S E S L I M I T E D 
B a t h R o a d , B e e n h a m , R e a d i n g RG7 5PR, E n g l a n d . T e l : 073-521 2 1 2 1 . T e l e x : 848475. C a b l e s : D e v i s o t o p e , W o o l h a m p t o n , 

Also a t : Nuclear Enterprises GmbH, Schwanthalerstrasse 74, 8 Munchen 2, Germany. Telephone : 53-62-23 Telex: 529938 
U.S.A.: Nuclear Enterprises Inc, 935 Terminal Way, San Carlos, California 94070 Telephone: 415-593-1455 Telex: 348371 . 
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Photoelectric punched 
tape reader 
FER 150/250 
• 150-250 c h a r a c t e r s / s e c . b i d i r e c t i o n a l 

• LED d i o d e o p t i c a l r e a d i n g head 

• S t o p o n c h a r a c t e r 

• S i m p l e a n d r o b u s t c o n s t r u c t i o n 

• D r i v e n b y s t e p b y s t e p m o t o r 

• I n p u t / o u t p u t s i g n a l s c o m p a t i b l e w i t h TTL , DTL 

• E x t r e m e l y r e l i a b l e 

• S i l e n t o p e r a t i o n 

• N o m a i n t e n a n c e 

• L o w p r i c e 

Obtainable in five different versions 

K i t v e r s i o n 
Rack v e r s i o n 
Rack v e r s i o n w i t h c a s s e t t e f o r f a n f o l d e d 
t a p e 
Rack v e r s i o n w i t h s p o o l e r 
T a b l e v e r s i o n 

GHIELMETTI LTD 
4500 S o l o t h u r n / S w i t z e r l a n d 
T e l e p h o n e : 0 6 5 / 2 4 3 4 1 • T e l e x 3 4 1 7 6 

S c a l e r s by 

t h e d o z e n ! 

12 24-bit 100 MHz scalers 
in a single CAMAC package 
Compromise no longer . . . with 12-bit, 50 
MHz Octals . . . or with 16-bit, 25 MHz 
Quads . . . or with h igh-power-consuming 
Hex scalers . . . in order to f ind the scaler 
price that appeals to your budget. Stand-
ardize with one CAMAC module for all your 
scaler appl icat ions. 
The new LRS Model 2551 12-Channel, 24-
Bit, 100 MHz Scaler is not only priced 
lower than other CAMAC scalers, but it 
also occupies substantial ly less space in a 
CAMAC crate wi thout exceeding standard 
CAMAC power dissipat ion l imits. 

The Model 2551 
features: 

LeCROY RESEARCH SYSTEMS CORP.; 126 
N. Rte. 303; W. Nyack, N.Y. 10994; (914) 358-
7900; TWX: 710-575-2629 • LRS SA; 81 
Avenue Louis Casai; 1216 Cointrin-Geneva, 
Switzerland; (022) 34 39 23 • LRS LTD.; 74 
High St.; Wheatley, Oxfordshire OX9 1XP, 
U.K.; (08677) 3540 • CANBERRA ELEKTRONIK 
GMBH; 6000 Frankfurt/Main 70; Geleitstrasse 
10; W. Germany; (0611) 624074 • APTEC 
ENGINEERING LTD.; 312 Dolomite Drive; 
Downsview, Ontario, Canada; (416) 661-9722 

OFFICES THROUGHOUT THE WORLD 
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Nos photomultiplicateurs s'adaptent a votre probleme particulier. 

U n c h a m p i o n 
d e g r a n d e 
e n v e r g u r e 

X P 2 2 3 0 i 
b r u i t < 6 0 0 c.s" 

e c a r t t y p e d e la 
d i s t r i b u t i o n J 1 

d u t e m p s de t r a n s i t : 

0 ,35 ns V 

Les photomultiplicateurs XP 2230 de R.T.C. permettent la detection 

en photoelectron unique, en lumiere Cerenkov, en carbotrimetrie. 

Les XP 2230 de R.T.C. disposent du meilleur rapport rapidite/bruit et 

peuvent etre utilises avec des scintillateurs rapides. 

Ainsi la detection en physique nucleaire 

progresse avec R.T.C. 

R.T.C. cest aussi Toptronique. 

o 

CJ 

< 

u* 

R.T.C. LA RADIOTECHNIOUE-COMPELEC-130 av. Ledru-Roll in 
75540- PARIS CEDEX 11, tel . 355.44.99. 
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