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A giant LEP for mankind# 

* With apologies to Neil Armstrong 

During the past three years, the Euro

pean high energy physics c o m m u n i t y 

has debated future faci l i t ies wh ich 

w o u l d best respond to the foreseeable 

physics needs towards the end of 

th is century. The consensus has come 

out strongly for an electron-posi t ron 

machine to take col l iding beam 

e n e r g i e s wel l beyond those wh ich are 

\ J b c e s s i b l e w i t h PETRA at DESY and 

PEP at Stanford. This col l iding beam 

machine is common ly known as the 

LEP (Large Electron-Positron) project. 

The reason that LEP so rapidly at

t racted the enthusiast ic support of the 

ful l European high energy physics 

c o m m u n i t y is that it is the ideal 

machine to address many of the most 

impor tan t physics issues to have 

emerged f rom the past f ive feverish 

years of discovery. 

Neutral currents, a new fo rm of the 

weak in teract ion, were seen at CERN 

in 1 9 7 3 . The J/psi part icle w a s 

dramat ical ly discovered at Brookhaven 

and Stanford in 1 9 7 4 , rapidly leading 

to the conf i rmat ion of a fur ther type of 

quark — the charmed quark — and 

• W 5 W fami l ies of part icles. Mu l t imuon 

"^rout r ino events, discovered at Fer-

mi lab in 1 9 7 5 , underl ined the ex

istence of new phenomena wh ich 

were s h o w n , in 1 9 7 7 at CERN, to be 

related to charmed particle product ion. 

The tau heavy lepton was found at 

Stanford in 1 9 7 6 and the upsilon w a s 

found at Fermilab in 1 9 7 7 . 

The theoret ic ians, remarkably quick

ly, made sense of much of w h a t w a s 

being seen. Dominant in their th ink

ing is the theory wh ich unites our 

understanding of both the weak 

and e lect romagnet ic interact ions. This 

seems certain to be one of the great 

physics insights of this century. It w i l l 

enable us to interpret, in te rms of the 

same 'e lect ro-weak' laws of physics, 

such vast ly di f ferent phenomena as 

the beta decay of a nucleus, a f lash of 

l ightn ing, a neutr ino interact ion, the 

sw ing of a compass needle... 

To really cl inch the present theories, 

exper iments have to provide several 

fur ther pieces of evidence and the ideal 

condi t ions for these experiments are 

those wh ich w o u l d be provided by very 

high energy electron-posi t ron col l i 

sions. 

The emergence of LEP 

Studies of a large electron-posi t ron 

machine began at CERN in 1 9 7 6 as 

part of a major exercise (involving also 

the study of a higher energy proton co l 

l iding beam machine and physics w i t h 

a higher energy proton fixed target 

machine) to analyse physics needs 

and machine possibil i t ies in the 

decades after the coming into opera

t ion of the 4 0 0 GeV proton syn

chrot ron, the SPS. 

Interest eventual ly concentrated on 

the electron-posi t ron opt ion, init ial ly 

considered as having a 1 0 0 GeV 

energy per beam, because of the 

strong at t ract ion of the physics it of

fered and because other major regions 

of the wor ld seemed likely to bui ld 

al ternat ive higher energy machines. (In 

the USA construct ion of a 4 0 0 GeV 

pro ton-pro ton col l iding beam machine 

ISABELLE is start ing at Brookhaven. In 

the USSR a 5 TeV fixed target proton 

machine is under consideration.) 

The European Commit tee for Future 

Accelerators w a s obviously deeply in 

volved in the early th inking and, urged 

on by its then Chairman, Guy von 

Dardel, on 2 5 May 1 9 7 7 emerged w i t h 

a s t rong recommendat ion for 'an 

e lectron-posi t ron storage ring of about 

2 0 0 GeV centre-of-mass energy, pos

sibly w i t h an init ial phase of 140 G e V , 

as the pr ime candidate for a major 

European project for the 1980s . (The 

full text of the recommendat ion can be 

found in CERN COURIER June 1 9 7 7 , 

page 186.) i 
W o r k at CERN resulted in a 

prel iminary report in August 1 9 7 7 . It 

then looked as if technical machine 

prob lems (such as orbit stabi l i ty and 

magnet tolerances) wou ld make life 

di f f icul t w i t h energies of 1 0 0 GeV per 

beam in a large d iameter r ing. In a 

second phase of the studies, effort 

concent ra ted on the design of a m a 

chine of smal ler d iameter (7 km) wh ich 

w o u l d give 7 0 .GeV per beam max

i m u m energy and could reach 100 GeV 

per beam using superconduct ing r.f. 

cavit ies. The machine studies were led 

by Eberhard Keil, Wo l fgang Schnell 

and Kees Zi lverschoon. 

A t the same t ime the physics use of 

the machine w a s studied in groups led 

by Pierre Darriulat, Emilio Picasso and 

Erwin Gabathuler. Many accelerator 

special ists and experimental physicists 

f rom th roughout Europe have been in 

volved. The studies were supervised by 

a LEP Steering Commi t tee , chaired by 

John Adams, wh ich also had represen

tat ives f rom 'electron Laboratories' — 

Daresbury, DESY, Frascati and Orsay. 

From 1 0 - 2 2 September (as 

reported in the October issue page 

3 5 3 ) all this w o r k w a s subject to a m a 

jor rev iew at a LEP Summer Study held 

at Les Houches. Af ter the Summer 

Study, a th i rd phase of the studies 

began on a large d iameter (10 km) 

machine to give 8 0 GeV per beam at 

m a x i m u m luminosi ty wh ich later could 

reach 1 2 0 GeV per beam w i t h super

conduct ing r.f. cavit ies. 

Some of the physics accessible to LEP 

W h e n electrons and positrons coll ide 

w i t h cent re-of -mass energies in the 

LEP range many of the long predicted 

features of w e a k interact ions can be 

expected to show up in one way or 

another. W i t h exist ing machines, 

e lect romagnet ic and weak effects are 

di f f icul t to compare directly, but at LEP 

energies any unif ied e lect ro-weak 

phenomena could be seen much more 

clearly. LEP wi l l be the ideal tool to 

s tudy the synthesis of the electro

magnet ic and weak fo rces . 
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Al though experimental evidence for 

th is e lect ro-weak synthesis has 

become apparent only fairly recently 

(see July / August edi t ion, page 2 4 5 ) , 

our ideas on the weak interact ion date 

back much further. Some for ty years 

ago, it was customary to w o r k w i t h the 

so-cal led ' four-point ' interact ion in 

wh ich the incoming and outgo ing par

t icles involved in a weak interact ion all 

met at a single point in space-t ime. 

However, it w a s soon realized that 

such a descript ion could not hold at 

very high energies where it w o u l d be 

incompat ib le w i th basic ideas of 

probabi l i ty. 

In quan tum physics, theoret ical 

calculat ions give only relative p roba

bil i t ies of di f ferent ou tcomes and the 

macroscopic effects seen in the 

laboratory are averages ref lect ing 

these probabil i t ies. Whatever the 

relative probabil i t ies, one th ing is cer

tain — someth ing is bound to happen. 

This is called 'uni tar i ty ' in the trade and 

is incorporated into the theory by in 

sist ing that the sum of all the 

probabi l i t ies must be unity. A l though 

this idea may seem trivial at f irst s ight, 

it produces power fu l constraints on 

any theory. 

For the simple weak four-point in 

teract ion, extrapolat ing the theory to 

very high energies was soon seen to 

give problems w i t h probabi l i ty. 

A l though such high energies were 

remote at that t ime, the theoret ical 

picture was amended to suppress this 

high energy behaviour by in t roducing 

heavy intermediate vector bosons. 

The intermediate vector bosons are 

postu lated as the universal mediators 

of w e a k interact ions, in much the same 

w a y as the photon is responsible 

for e lect romagnet ic phenomena. H o w 

ever, whi le the photon is massless and 

produces impor tant effects at large 

distances, the intermediate bosons are 

heavy particles wh ich act only at short 

distances. Also, unlike the pho ton , the 

bosons can carry electric charge. 

This concept of the intermediate 

vector boson has haunted the history 

of w e a k interact ions. Each generat ion 

of machines has fai led to f ind any trace 

of it and its postulated mass has been 

progressively shif ted higher to awai t 

machines providing a new range of 

high energies. Now, however, w e have 

good reasons for believing that the 

bosons must appear at LEP energies. 

LEP wi l l penetrate the energy range 

where uni tar i ty problems have been 

foreseen for so long. Wi th high energy 

behaviour observable directly, some of 

the true nature of the weak interact ion 

must be revealed. 

These unitar i ty arguments have to 

be borne in mind whatever theoret ical 

scenario is used. However, recent 

developments in the appl icat ion of 

gauge theory techniques have made 

spectacular progress and the scenario 

based on 's tandard ' gauge theory is 

very popular. Despite these successes, 

the theory is not completely water t igh t 

and w e should be careful not to close 

our eyes to other possibil i t ies unti l 

some impor tan t predict ions are con

f i rmed. It is still possible (al though in

creasingly dif f icult) to account for the 

present observed particle behaviour in 

other ways. 

The discovery of the neutral current 

in 1 9 7 3 showed that the 's tandard' 

gauge theory of weak and electro

magnet ic interact ions had impor tant 

predict ive power. Steven Weinberg 

and Abdus Salam first proposed this 

theory in 1 9 6 7 - 8 , but several years 

elapsed before its potential was 

realized and before it became clear, 

thanks part icularly to the w o r k of 

Ge ra rd ' t Hooft , how calculat ions were 

possible. 

Subsequent experimental results 

have consistent ly underl ined the 

val idi ty of the electro-weak gauge 

theory but the bosons part ic ipat ing in 

the inner mechanisms of the theory 

have yet to appear. 

A vital ingredient of the theory is the 

existence of three types of inter

mediate vector bosons — the mass-

less photon of e lect romagnet ism and 

t w o heavy part icles responsible for the 

neutral and charged current weak in 

teract ions. On the basis of presently 

available data , the standard model 

predicts tha t the t w o missing bosons 

have masses in the region of 8 0 - 9 0 

GeV, and should therefore turn up in 

exper iments at L?EP energies. (It is pos

sible that they wi l l f irst be seen at the 

pro ton-ant ip ro ton coll ider at the C E R I ^ f 
SPS but their detai led study wou ld still 

awa i t the 'c lean' experimental condi 

t ions of LEP.) 

In addi t ion to opening the door on 

the inner work ings of weak inter

act ions, higher energies wi l l provide 

addit ional in format ion. The effects 

of weak interact ions increase w i th 

energy and near the intermediate 

boson masses they should be c o m 

parable in s t rength to those of the 

e lect romagnet ic force. If the electro-

w e a k theory is correct, it should really 

come into its o w n in this energy do

main of LEP. 

As wel l as the vector bosons, 

another vital ingredient of the gauge 

theory approach is the so-called 

'Higgs bosons' . As a gauge theory, thr 

s tandard model of weak a n o ^ 

e lect romagnet ic interact ions is based 

on an underly ing symmetry . However, 

th is symmet ry is said to be 'spon

taneously broken' . 

Normal ly w h e n this happens, mass-

less part icles are produced, but the in 

termedia te part icles of the weak in

teract ions are required to be extremely 

heavy. 

The idea proposed by Weinberg and 

Salam w a s to use the 'Higgs 

mechan ism ' to give the gauge particles 

their required mass. This can only be 

achieved at the expense of addit ional 

part icles — the Higgs bosons. 

No trace has ever been seen of such 

part icles. The hope is that w i th LEP, 

physicists wi l l have the tool to explore 

in depth the detai ls of the symmetry 

breaking mechanism at the heart of 

w e a k interact ion dynamics. 
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A drawing of the LEP tunnel cross-section at 
the location of an r.f. cavity. Parallel with the 
accelerator tunnel is a slightly larger tunnel 
h o us in g the r. f. /</ys trons. 

LEP wi l l also' extend the energy 

range to study quark and lepton 

Spectroscopy. One of the spin-offs 

f r o m the original Weinberg-Salam for

mula t ion of the theory of weak interac

t ions is the Glashow- l l iopoulos-Maiani 

(GIM) model wh ich incorporates 

strange and charmed quarks and 

provides a f ramework for weak in 

teract ions involving hadrons as wel l as 

leptons. The observat ion of charm and 

subsequent heavy quark f lavours was 

a great success for G IM, conf i rming 

that quarks and leptons do seem to fall 

into predictable mult ip lets. 

At present three massive leptons are 

k n o w n , the electron, the muon and the 

recent ly-discovered tau , and according 

to theoret ical arguments this could 

restr ict the number of quark f lavours to 

six. Four of these have been observed 

expl ici t ly — up, d o w n , strange and 

charmed — and a f i f th has been 

detected impl ic i t ly in the heavy upsilon 

part icles — explained as the bound 

states of a new heavy quark and its an-

t iquark. Thus a sixth f lavour is expected 

and could reveal itself in col l iding 

beam exper iments (perhaps at PETRA 

and PEP energies or in the p ro ton-

ant iproton coll ider at the SPS). 

More f lavours and heavier leptons 

could turn up at still higher energies, 

a l though cosmological arguments say 

that there is an upper l imit to the 

number of massless neutr inos, and 

hence perhaps to the number of dif

ferent types of lepton wh ich can exist. 

This can also lead to l imits on the 

number of quark f lavours to be ex

pected. A good check of all these ideas 

can be carried out w i t h LEP. 

Hadron product ion f rom electron-

posi t ron coll isions is a good test ing 

ground for theories of inter-quark in 

teract ions of wh ich quantum chromo-

dynamics is the present f ront runner. 

The scaling propert ies, jet structure 

and spectra of heavy quark-ant iquark 

states w o u l d all reveal new in forma

t ion on inter-quark forces. And there is, 

of course, a lways the possibi l i ty that 

one of these days a new high energy 

machine might come up w i th the first 

s ight ing of a free quark, l iberated f rom 

a hadron. 

Another possibi l i ty is that, even w i th 

quarks, w e might not have reached the 

fundamenta l layer in the structure of 

mat ter and there might be smaller con

st i tuents lurking inside the quarks 

themselves. First signs of these could 

tu rn up at LEP energies. 

A t the LEP meet ing held at Les 

Houches, there w a s some eager crystal 

ball gazing about the likely behaviour 

at LEP energies. The recent success of 

e lect ro-weak and quan tum chromo-

dynamics theor ies led to many predic

t ions as to w h a t wi l l be seen. 

However in his concluding talk, 

Sheldon Glashow explored many pos

sible new physics scenarios for LEP. 

The range of al ternat ives he proposed 

underl ined that , despite the present 
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A drawing of the LEP tunnel cross-section at 
the location of a bending magnet. The tunnel 
itself could be built using similar techniques to 
those used in the construction of the CERN 
SPS. 

convic t ion in the popular theoret ical 

predict ions, LEP w o u l d still be a giant 

leap into the u n k n o w n . 

The design study presented at 

Les H ouches 

By the t ime of the Les Houches 

meet ing , w o r k on the machine design 

had progressed to the stage where a 

'Design Study of a 1 5 to 1 0 0 GeV e + e " 

Col l id ing Beam Machine (LEP)' w a s 

0 ,' 50 100 cm 

produced (CERN / ISR-LEP / 7 8 - 1 7 ) . 

W e pick out here the major features of 

th is design, w h i c h was based on a 7 

km r ing, to convey some idea of w h a t 

such a machine wou ld look like. 

The '7 km des ign ' envisages the 

machine reaching its peak energy in 

t w o stages. The f irst, c o v e r i n g the 

range 1 5 to 7 0 GeV per beam, w o u l d 

use convent ional copper r.f. cavit ies. 

The b o t t o m end of its energy range 

w o u l d make it possible to link up w i th 

PETRA and PEP results and the top end 

w o u l d be l imi ted mainly by the high r.f. 

power needed. The second stage, car

rying the peak energy to 100 GeV 

could be imp lemented w h e n super

conduct ing r.f. cavit ies are mastered, 

reducing the power requirement. 

The luminosi ty of the machine is set 

at 1 0 3 2 per cm 2 *per s at 7 0 GeV and it 

varies as E 2 (using wiggler magnets^ 

d o w n to 1 5 GeV. For the second stag** 

a luminosi ty of 2 x 1 0 3 1 is ant ic ipated 

at 1 0 0 GeV. 

Eight interact ion regions are 

provided for the exper iments and at 

each region a scheme is envisaged 

whereby one exper iment can be in 

preparat ion wh i le another is installed 

in the beams. 

ECFA had asked CERN to examine 

the possibi l i ty of bui lding LEP at the 

present CERN site. This has been done 

and looks feasible. Since the machine 

w o u l d be bui l t wel l underground 

(where const ruct ion of the SPS 

revealed no major problems), the i m 

pact on the exist ing envi ronment 

w o u l d be min ima l . 

Inject ion energy into the storage 

ring is 1 5 GeV. It may involve a 1 3 f 

MeV, 6 A electron linac, fo l lowed by cP 

posi t ron conversion target and 4 6 0 

MeV posi t ron l inac, fo l lowed by an ac

cumula to r r ing, fo l lowed by a syn

chrot ron tq fil l LEP in 15 minutes. The 

other possibi l i ty is a prel iminary 

storage r ing, operat ing f rom 2 to 1 5 

GeV, fed by a 2 0 0 MeV linac and a 

synchrot ron, to fil l LEP in 5 minutes. 

The main ring wi l l hold currents of 

10.5 m A (5 x 1 0 1 2 particles) cir

culat ing in four bunches to give the 

design luminosi ty . The r.f. wi l l need to 

provide 9 0 0 MeV energy per turn to 

compensate for synchrotron radiat ion 

loss at 7 0 GeV. The total r.f. power re

qu i rement (adding in cavity losses, 

k lystron eff iciencies, etc.) is about 140 

M W . W h e n magnet power , experi

ments , cool ing systems... are also ad

ded, the total power for LEP is just over 

2 0 0 M W at 7 0 GeV. 
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The total cost of the first stage of 

this design of LEP is est imated at 1 0 5 0 

mil l ion Swissf rancs. 

The coming years 

A possible 'masterp lan ' for the project 

sees the cont inuat ion of design studies 

( including some model component 

bui lding and site work) th rough to 

1 9 8 1 . The machine energy and the site 

for construct ion should be f ixed in ad

vance of this date and, as ment ioned 

above, the impl icat ions of a 10 km ring 

are now under invest igat ion. (The 

CERN Member States have given their 

blessing for these LEP studies to con 

tinue.) 

ARGONNE 
Polarization 
Symposium 

The 3rd International Sympos ium on 

High Energy Physics w i th Polarized 

Beams and Targets was held at A r g o n -

ne f rom 2 5 - 2 8 October. The meet ing 

w a s truly internat ional for the f irst t ime 

w i t h some 6 0 of the 2 2 5 attendees 

f rom Insti tutes as distant as Novosi 

birsk, Kyoto and Hanoi. It was again 

mult id iscipl inary w i t h part ic ipants 

f rom accelerator science, chemistry 

and almost every branch of physics. 

There were surprises and controver

sies concerning recent experimental 

results and signif icant progress was 

reported in the development of 

polarized faci l i t ies. 

Much interest centred on excit ing 

plans for new polarized faci l i t ies and 

(less happy) plans for old ones. The 

Sympos ium marked the beginning of 

A fur ther period of preparatory work , 

wh ich could also benefit f rom ex

perience w i t h PETRA and PEP opera

t ion , could see the start of construct ion 

f rom the end of 1 9 8 1 . At this t ime the 

money for LEP construct ion wou ld 

probably have to be largely found by 

closing d o w n other elements of the 

CERN research programme since, at 

the momen t , no large jump upwards in 

CERN funding can be ant ic ipated. 

Taking about seven years as a 

reasonable construct ion t ime for LEP 

(so that operat ion could start at the 

end of 1 9 8 8 , some twelve years after 

the start of the SPS) wou ld require a 

rate of fund ing of about 150 mil l ion 

Swiss f rancs per year. Closing d o w n 

the Intersect ing Storage Rings and the 

6 0 0 MeV Synchro-cyclotron could 

make a major contr ibut ion to this 

budget and also l iberate qualif ied m a n 

power for the bui lding of the new 

machine. 

There are many more bridges to be 

crossed before the LEP project can get 

the go ahead. B u t the physics is of the 

greatest fundamenta l interest, the 

machine is technical ly feasible and the 

project has behind it the enthusiasm of 

the European high energy physics 

communi ty . 

L. Michelof Bures-sur-Yvette (left) andL. Dick 
of CERN talk spin physics while touring a 
Pompeii exhibit at the Chicago Art Institute 
after the banquet at theArgonne Polarization 
Symposium. 

Around the Laboratories 
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the last year of operat ion of the A r g o n -

ne Zero Gradient Synchrotron. In spite 

of the success of the experiments us

ing the unique polarized beams at the 

ZGS, there seems little hope of ex

tending its life much beyond October 

1 9 7 9 . 

The most excit ing new project was a 

proposal to accelerate polarized pro

tons to 2 6 GeV in the Brookhaven AGS 

by 1 9 8 1 and, later, to transfer t hem to 

the ISABELLE storage rings using the 

'Siberian Snake' scheme. This 

proposal was described in detail by Er

nie Courant. The theory of depolarizing 

resonances and of 'Siberian Snakes' 

w a s reviewed by Lee Teng and Ya. 

Derbenev. The newly developed 

negative hydrogen ion polarized 

sources, wh ich wi l l make high in ten

sit ies available, were discussed by W . 

Haeberli and E.F. Parker. 

There was general agreement that 

2 6 GeV polarized protons at the AGS 

seemed the logical step after the ZGS. 

4 3 6 

Lee Teng-felt that it wou ld be too big a 

j u m p to the SPS or Fermilab machines 

w i t h their many very strong depolariz

ing resonances. A decision on the 

Brookhaven proposal is expected by 

the end of the year. There were many 

reports on planned or operat ing 

polarized proton facil i t ies at LAMPF, 

S IN,TRIUMF,Sac layand KEK. 

There w a s considerable interest in 

polarized electron accelerators and 

storage rings, wh ich is not surprising in 

v iew of the current interest in lepton 

physics. Planned or operat ing 

polarized faci l i t ies at PETRA, Bonn, 

SLAC, and LEP were described. An 

overall review of the product ion and 

use of polarized lepton beams in 

e lectron-posi t ron storage rings was 

given by Roy Schwit ters. The 

prospects for impor tant developments 

seem promis ing. 

One of the Symposium highl ights 

was a beaut i ful lecture on the physics 

of polarized targets by A. Abragam. 

The possibi l i ty of better target 

materials w a s studied at a four-day 

Workshop just after the Sympos ium 

w i t h about t w en t y experts, f rom 

various branches of physics and 

chemistry , w h o tr ied to design more 

radiat ion-resistant polarized targets 

w i t h higher hydrogen content. These 

w o u l d a l low improved high m o m e n 

t u m transfer exper iments and inclusive 

exper iments. 

Several interest ing new ideas 

emerged such as a diffuse gas of 

Meanwhile, preparing for the future — an 
October photograph of the a ntiproton target 
area at Fermilab under construction between 
the Main Ring and the Booster. The 130 foot 
target vault, seen looking towards the Booster, 
is followed by a 4 foot diameter tunnel. The 
beam line configuration will allow reverse 
injection into the Main Ring for protons, for 
proton-proton collisions using the Energy 
Doub/er, and injection of antiprotons into the 
Booster en route for cooling. These 
preparations are for the colliding beam projects 
of the future. 

(Photo Fermilab) 

hydrogen and CrF 5 wh ich is instantly 

frozen by a He 3 refrigerator. They are 

stil l far f rom being practical and much 

more hard w o r k and understanding is 

clearly needed. A longer, more 

detai led, polarized target Workshop 

may be held next summer in Liverpool. 

The major controversy was unex

pectedly generated by David Bugg w h o 

f in ished his review of spin effects in 

in termediate energy physics w i th a* 

detai led cri t ique of the evidence for 

d ibaryon resonances. He concluded 

tha t either the we l l - known measure

ments f rom Argonne (reported in Oc

tober 1 9 7 7 , page 3 3 0 ) must be wrong 

or a series of measurements of in 

elastic p ro ton-pro ton scatter ing at the 

TRIUMF cyclotron must be wrong . 

W i t h many dibaryon resonance 

enthusiasts in at tendance, the ques

t ion period fo l low ing the lecture could 

pol i tely be described as lively and ex

tended. It took the f i rm hand of the ses

sion char iman, Phil Livdahl, to halt the 

discussion and move the Sympos ium 

s o m e w h a t b a c k o n schedule. 

No clear conclusion was reached 

and the si tuat ion was perhaps best 

represented by Michel Borghini in the 

Sympos ium summary . 'If dibaryorr 

resonances exist they are very excit ing 

but being very excit ing does not make 

them exist.' 

Much of the physics interest centred 

on high m o m e n t u m transfer spin ef

fects and the SLAC parity violat ion ex

per iment reported at Tokyo (see 

September issue, page 2 8 5 ) . The i m 

pact of these spin experiments on high 

energy physics is n o w being more ful ly 

appreciated. 

The parity v iolat ion was discussed 

by C.Y. Prescott and V.W. Hughes. This 

beaut i fu l polarized electron beam ex

per iment has very impor tant impl ica

t ions for the Weinberg-Sa lam theory of 

e lect ro-weak interact ions (see August 

issue, page 2 4 5 ) . The theoret ical 

ramif icat ions were covered in an excel

lent review by J.J. Sakurai. The SLAC / 

Yale / CERN / Aachen / Hamburg team 



described plans to extend their 

measurements to test the theory 

fur ther. 

High m o m e n t u m transfer hadronic 

exper iments were reviewed by K.M. 

Terwi l l iger. Surprisingly large spin ef

fects in inclusive lambda product ion 

were reported f rom Fermilab by a 

Mich igan / Rutgers / Wisconsin t eam. 

They may be caused by direct con 

st i tuent scat ter ing. 

An SPS team presented a rather 

str ik ing result on spin effects in p ro ton-

proton elastic scatter ing at 1 50 GeV. 

They see sharp structure near the pos i 

t ion of the we l l - known dip near 1 

(GeV/c) 2 . On the other hand, a Fermilab 

team found no conclusive evidence for 

such structure at 1 0 0 GeV and at 3 0 0 

GeV. The Fermilab error bars were 

s o m e w h a t larger but the dif ference 

w a s surprising unless the spin effects 

have a very st rong energy dependence. 

A qui te astonishing result came 

f rom the Michigan / Argonne / A U A 

team wh ich studied spin-spin effects in 

pro ton-pro ton elastic scatter ing near 

12 GeV. They reported a dramat ic rise 

in spin-spin forces at large m o m e n t u m 

transfer (see October issue, page 

3 4 7 ) ; at 9 0 ° , the spin parallel scatter

ing is four t imes more probable than 

spin anti-paral lel scat ter ing. 

The theory was reviewed by D. 

Sivers and v igorously discussed by a 

theory panel led by F.E. Low. There 

w a s a strong feel ing that these effects 

were caused by the spin of the con 

st i tuents and migh t be s o m e h o w 

related to quan tum chromodynamics . 

The Sympos ium ended on a note of 

enthus iasm. There was a general fee l 

ing that progress in polarized beam 

deve lopment and the impor tant new 

spin exper iments have f inal ly moved 

spin f rom being an 'un impor tant c o m 

pl icat ion at high energy' to the 

foref ront of high energy physics. The 

part ic ipants look fo rward to fur ther 

surprises and technical progress at the 

4 t h Sympos ium, planned for Lausanne 

in 1 9 8 0 . 

FERMILAB 
Deuterium in 
1 5 foot chamber 

In m id -November the 15 foot bubble 

chamber started operat ion at Fermilab 

w i t h a deuter ium f i l l . The chamber is 

operat ing in a neutr ino beam employ

ing a new 1 ms horn. 

The f irst run of the chamber is for a 

neutr ino exper iment by an NT / Mary

land / Stony Brook / Tohoku / Tuf ts 

co l labora t ion ; an ant ineutr ino ex

posure by a P u r d u e / A N L / C M U group 

wi l l fo l low. More than 3 4 0 0 0 litres of 

deuter ium is required to fi l l the 

chamber and it must have less than 

1 0 " 1 4 t r i t ium contaminat ion for suc

cessful operat ion. The deuter ium fill 

has a value of $ 2.5 M dollars and it has 

taken several years of cooperat ion 

w i t h Brookhaven and Argonne to as

semble the inventory. 

A four prong event recorded in the Fermilab 
15 foot bubble chamber filled with deuterium. 
The Vis due to a neutral kaon or a lambda 
particle. One of the positive particles interacts 
in the chamber volume and the negative muon 
is detected in the External Muon Identifier. 

\ 

(+K 

W r / 

The operat ing region for deuter ium 

is narrower than for hydrogen and 

the chamber operates at 31 K in 

compar ison to normal temperature of 

2 5 K. George Mulhol land reports no 

problems in f inding an operat ing range 

but there w a s a litt le di f f icul ty get t ing 

good track contrast and the first pic

tures were taken by lett ing the bubbles 

brew sl ight ly longer than normal to 

improve the contrast. As the operat ing 

parameters have been ref ined, the pic

ture qual i ty has improved. 

Neutron events f rom neutr ino 

product ion have already been iden

t i f ied. Neutrons are tagged by the 

presence of an even number of tracks 

coming out of the vertex. Proton recoil 

stubs have also been seen. 

The new focusing horn in the 

neutr ino beam is f i t ted w i th a w ider 

neck to improve rel iabi l i ty; some 

previous horn problems have be,en due 

to high stresses in the narrow neck and 

missteered proton beams. The w ider 
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ION SOURCE 
LENS 
FARADAY CUP 
GRID LENS 
APERTURE 
TUBES 
GAS STRIPPER 
ION PUMPS 
FOIL STRIPPER 
180° MAGNET 
RF ION SOURCE 

12. 20° INFLECTOR MAGNET 
13. QUADRUPOLE DOUBLET 

SECOND STRIPPER 
15. QUADRUPOLE DOUBLET 
16. SLITS 

INFLECTOR MAGNET 
18. VACUUM PUMP SETS 
19. CHARGE BELT 
20. PRE-ACCELERATION 

SECTION 

Schematic drawing of the 'folded tandem 'of 
the Nuclear Physics Laboratory in Oxford. It is 
the first large machine of its type to come into 
operation. 

neck helps both of these problems. A 

t ransformer is used to stretch the cur

rent pulse and the 1 ms pulse length 

improves External Muon Identif ier and 

counter exper iment operat ions. 

The horn consists of a 3 0 mrad in 

side straight cone w i t h a cyl indrical 

return pipe. Overall the device is 2 .4 m 

long. It can give a transverse m o m e n 

t u m kick of 3 0 0 MeV/c w h e n operated 

at 1 4 0 kA. At present, it is being 

operated at a conservative 8 0 kA 

wh ich yields 8 6 % of the rated neutr ino 

flux. W h e n spares are available, cur

rents wi l l be boosted to 100 kA. By 

mid -November the system had been 

pulsed more than one hundred t h o u 

sand t imes. 

The horn system was designed by S. 

Mor i w i t h the mechanical work being 

supervised by J . Grimson and the 

electrical w o r k by R. Trendler. The 

designers were helped by useful i n 

fo rmat ion on CERN horn designs. 

OXFORD 
Folded tandem 
in operation 

The f irst large ' folded t a n d e m ' ever to 

operate is n o w in act ion at the Nuclear 

Physics Laboratory in Oxford, UK. A 

10 M V Van de Graaff, closed d o w n in 

July 1 9 7 7 , w a s a vert ical single stage 

generator, and this has now been con

ver ted to a two-s tage fo lded tandem. 

First beams emerged f rom the new ac

celerator on 7 September at a terminal 

vo l tage of 4 .4 MV. Since then, the 

vol tage has been increased progres

sively and operat ion at the rated 

10 M V is ant ic ipated before the end of 

the year. 

In his original ' sw ind le t ron ' pro

posal , w h i c h d rew at tent ion to the ad

vantages of t w o stage acceleration us

ing negative ions and str ipping them to 

posit ive ions (so tha t the same voltage 

dif ference can be used twice) Alvarez 

envisaged a 180° magnet in the high 

vol tage terminal to reverse the direc

t ion of the accelerated ions after str ip

p ing. However, all tandems con

st ructed using this basic idea (wi th one 

except ion — the 4 MV tandem in 

Auck land, New Zealand) have 

employed ' in- l ine' accelerat ing tubes. 

This is because it is not practical in a 

horizontal machine to put a heavy 

magnet in the canti levered high 

vol tage termina l , and in the vertical 

machines bui l t in the late 1950s the 

terminal w a s not large enough to ac

c o m m o d a t e a 1 80° bending magnet. 

In a large vert ical tandem, however, 

there are obvious f inancial savings to 

be gained by adopt ing a ' f o lded ' con 

f igurat ion. The length of the co lumn is 

only half that of the ' in- l ine ' design, 

g iv ing savings both in cost of the tank 

and of the bui ld ing to house the ac

celerator. For these reasons, in addi 

t ion to the scienti f ic advantages of 

comple te charge separat ion made 

possible by the terminal magnet , large 
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t andems n o w being manufactured by 

the National Electrostatics Corporat ion 

(such as the 2 5 M V tandem 

electrostat ic generator for Oak Ridge 

Nat ional Laboratory) are ' fo lded' . 

A fur ther advantage of the fo lded 

design is that the negative ion sources 

and inject ion systems are at ground 

level rather than at the top of the tower 

above the pressure vessel, so that the 

Pcost of personnel and equ ipment lifts is 

saved. 

Oxford decided in 1 9 7 5 to convert 

their large vert ical Van de Graaff, c o m 

pleted in 1 9 6 6 , to a 10 M V fo lded 

tandem. The decision was not easy, 

since the vert ical machine had a 

number of at t ract ive features, sup

por ted a lively exper imental p rog ram

me and w a s used as a negative ion in -

j e c t o r f o r a horizontal 6 M V tandem. 

The possibi l i ty of replacing the 

horizontal t andem by a large ac

celerator of similar design wh i le ma in 

ta in ing the vert ical injector unchanged 

w a s considered but the low cost of the 

conversion (less than £ 1 0 0 0 0 0 ) , the 

fact that it wasposs ib le to retain an ion 

source in the terminal for high current 

^single stage accelerat ion, and the pos

sibility of adding a superconduct ing 

booster accelerator at a later stage, 

w o n the day. 

Negative ions are preaccelerated to 

about 1 0 0 keV, magnet ical ly analysed 

and injected vert ical ly into the low 

energy (negative ion) tube. Af ter ac

celerat ion, the ions are str ipped in the 

terminal using a th in foi l or a tube of 

gas at low pressure. The emerg ing 

posit ive ions are def lected through 

1 8 0 ° by the terminal magnet and then 

enter the high energy (positive ion) ac

celerat ing tube. Finally, the ac

celerated ions are directed to the 

selected target posi t ion by a rotable 

9 0 ° analysing magnet . 

The co lumn, 1.67 m in d iameter , 

w a s original ly designed to have a dif

ferent ial pumping tube to remove most 

of the gas f l ow ing out of the ion 

sources. In pract ice, an ion p u m p has 

been gsed in the terminal to remove 

gas locally and the differential p u m p 

ing tube w a s not instal led. Happily the 

separat ion of accelerating tube and 

di f ferent ial tube was exactly that 

needed for coupl ing t w o accelerat ing 

tubes by a 180° magnet in the fo lded 

conf igurat ion, so no major structural 

changes in the co lumn were needed. 

The convent ional belt charging 

system w a s also retained, a l though the 

instal lat ion of a pel letron or laddertron 

is contempla ted at a later stage. A 

single in termediate electrode, or in -

tershield, surrounds the upper part of 

the co lumn and increases the vol tage 

wh ich the terminal can suppor t ; a 

potent ia l of 12 M V w i thou t ac

celerat ing tubes was obtained in a test 

w i t h an insulat ing gas mixture of 

n i t rogen and carbon dioxide. The tank 

is 3 .96 m in d iameter and 13,4 m long. 

The accelerat ing tubes are each 

2 0 f t long and constructed in t w o sec

t ions. The tubes have inclined t i tan ium 

electrodes, separated by glass in 

sulators 1 9 m m thick, and both electric 

and magnet ic transverse f ields are 

used to suppress electrons. The stat ic 

pressure is about 2 x 10~ 7 torr using 

ion pumps in the terminal and at the 

base of the tubes, and a single vert ical 

tu rbo-molecu lar pump at the base of 

the machine. The 180° magnet has a 

gap of 1 5 m m and a f ield of up to 1.5 T. 

The successful operat ion of the 

fo lded tandem is the first stage of ac

celerator upgrading in the Nuclear 

Physics Laboratory. Substant ial ly 

higher heavy ion energies wi l l be 

available (such as 8 0 MeV oxygen and 

3 0 MeV 3 H e and 4 He) wh ich wi l l make 

the Laboratory more compet i t ive in 

many areas of nuclear structure 

research. 

There is n o w a strong scienti f ic case 

for heavy ions at least an order of 

magni tude higher in energy and, in due 

course, funds wi l l be sought for a 

superconduct ing booster cyclotron to 

achieve these high energies in a c o m 

pact accelerator probably not more 

than 5 m in d iameter wh ich can readily 

be accommoda ted in the existing ac

celerator vault . 

CERN 
Records at the ISR 

Celebrat ions at the end of November 

marked the 1 0 0 0 t h run of the CERN 

Intersect ing Storage Rings (ISR), the 

highl ight of a very successful year of 

ISR operat ions in wh ich the t ime 

available for physics research in 

creased by 15 per cent over the 

previous year. 

Thanks to improvements in r.f. 

equ ipment , power supplies, magnet ic 

f ield contro l and vacuum techniques, 

peak luminosi t ies were increased f rom 

1.35 x 1 0 3 1 c n r r V 1 to 2 x 1 0 3 1 , whi le 

the t ime taken to stack 2 6 GeV protons 

f rom the PS and accelerate them to 31 

GeV was reduced f rom 12 to 8 hours. 

The ISR n o w can achieve intensit ies at 

2 6 GeV many t imes its original design 

value of 2 0 A. 

The ISR began operat ion in 1 9 7 1 , 

and by the end of that year luminosi ty 

had reached 2 x 1 0 2 9 c m " 2 s " 1 . Max

i m u m beam current reached 10 A. In 

the fo l low ing year, the design 

luminosi ty of 4 x 1 0 3 0 c m " 2 s " 1 had 

been reached w i t h 2 6 GeV protons. 

For the f irst t ime, the ISR also ac

celerated protons f rom 2 6 GeV (sup

plied by the CERN Proton Synchrotron) 

up to 3 1 . 4 GeV, and the f irst physics 

runs at th is higher energy were carried 

out . 

A l though init ial luminosit ies at 31 

GeV were feeble, these pi lot invest iga

t ions indicated h o w the total cross-

sect ions for p ro ton-pro ton interact ions 

increased w i t h energy — an impor tant 

result later conf i rmed in precision ISR 

exper iments. 

In 1 9 7 3 , the 2 6 GeV beam current 

reached its design f igure of 2 0 A, and 

subsequent deve lopments have en

abled it to be increased beyond 4 0 A. 
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A hairline crack In the body ofGargamelle, the 
CERN heavy liquid bubble chamber, means that 
the 25-ton chamber body will have to be 
removed from its surrounding magnet and 
other equipment to enable a thorough 
examination of the damage to be made. The 
chamber, seen here with work well under way 
for installation in the neutrino beam from the 
SPS 400 GeV proton synchrotron, had worked 
at the 28 GeV Proton Synchrotron until 1975. It 
had completed just one year of operation at its 
new site before this unfortunate unscheduled 
shutdown. 

(Photo CERN 29.11.76) 

However most of the current physics 

demand is for 31 GeV particles, where 

beam currents can exceed 31 A and 

luminosi t ies are of the order of 2 x 
1 0 3 1 c m - V . 

Stable beams can now be suppl ied 

over 8 0 hours, a far cry f rom the initial 

overnight runs back in 1 9 7 1 . This 

demonst ra tes the remarkable ef

f ic iency of the vacuum system, wh ich 

can reach 1 0 ~ 1 2 torr in some intersec

t ions, and the stabi l i ty and reliabil i ty 

of the 2 6 0 or so power supplies 

energized dur ing a physics run. 

A m o n g the new exper iments in 

preparat ion at the ISR is one lined up 

for intersect ion 8, where a CERN / 

Copenhagen / Lund / Rutherford co l 

laborat ion wi l l investigate high 

m o m e n t u m transfer processes w i t h 

the help of a new superconduct ing 

high luminosi ty insert ion and a 

special ly-developed Open Axial Field 

Magnet . The detect ion system c o m 

prises a large cylindrical drif t chamber, 

Cherenkov counters and a 2 0 0 - t o n 

uranium-scint i l la tor calorimeter. 

For 1 9 8 1 , another generat ion of ex

per iments at the ISR is being designed 

for col l iding beams of protons and an-

t ipro tons, the antipart icles being sup

plied by the new cooled ant iproton 

source now under construct ion (see 

September issue, page 2 9 1 ) . 

Unscheduled shutdown 

On 2 6 October, the heavy liquid bubble 

chamber Gargamelle had just cele

brated its f i rst year of operat ion at the 

SPS 4 0 0 GeV proton synchrotron. 

A lmos t a mi l l ion photographs had 

been obta ined f rom 1.4 mil l ion expan

sions in the SPS neutr ino beam, and 

physicists were looking fo rward to a 

product ive new period in the ex

per imental schedule. 

Suddenly rout ine operat ions were 

interrupted as the alarms w e n t , i n 

dicat ing that there was a leak in the 

chamber. Immediate ly all the security 

devices came into act ion, stopping 

fur ther expansions and shut t ing d o w n 

the chamber. Ai r extract ion system 

w a s at m a x i m u m . 

Fortunately readings showed that 

the leak could be kept under contro l , so 

that the operat ing team was able to 

transfer the 12 0 0 0 litres of propane 

f rom the chamber body to its safe 

storage place. 

W i t h all c i rcui ts empt ied of propane 

and purged, a systemat ic search was 

begun to f ind the leak, wh ich only 

showed itself at pressures above 2 0 

bar. Af ter four days of careful in 

vest igat ion w i t h the help of ultrasonic 

equ ipment , a crack w a s discovered in

side the chamber — much f iner than a 

hairsbreadth, but about 12 cm long 

and going right th rough the thickness 

of the chamber body. 

In order to make a more precise 

diagnosis, the 2 5 - t o n chamber body 

wi l l have to be removed f rom the 

magnet and surrounding equipment 

and examined w i t h X-ray and other 

techniques. 

The changing computer 
scene 

Comput ing power at CERN wi l l soon 

get a boost w i t h the commiss ioning of 

a new IBM 3 0 3 2 processor w i t h four 

Megabytes of main storage. Installa

t ion w o r k began at the end of October 

and the machine wi l l come into service 

at the end of January. 

The 3 0 3 2 jo ins the four Megabyte 

IBM 3 7 0 / 1 6 8 w h i c h was installed in 

the CERN computer centre at the end 

of 1 9 7 6 . It means that the IBM c o m 

puter power available on site wi l l be 

doubled, thus approaching that of the 

large Control Data Corp. (CDC) 7 6 0 0 

machine. 

On-l ine storage capacity was in 

creased earlier th is year w i t h the arrival 

of an IBM 3 8 5 0 Mass Store System of 

3 5 0 0 0 Megabytes. 
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Using the WYLBUR system (first 

developed at Stanford and subse

quent ly adapted for use at CERN) the 

CERN IBM conf igurat ion is or iented 

towards the support of t imeshar ing 

terminals. The major i ty of the c o m 

put ing load at CERN already arrives 

th rough the 2 3 0 or so terminals scat

tered around the site. Whi le most of 

these terminals are installed in 

^c lusters ' for general use, they are also 

start ing to invade individual off ices. 

Reflecting the increasing amount of 

data communica t ions w o r k on site, the 

CERN Digital Communicat ions Net

w o r k CERNET (see May issue, page 

162) is now in regular use. First links 

were to exper iments in the new North 

Experimental Area, but its use is ex

tend ing over the who le site. 

As a result of the successful 

imp lementa t ion of CERNET, the 

FOCUS system for processing samples 

of experimental data is being phased 

out at the end of this year. Based on 

CDC 3 1 0 0 and 3 2 0 0 computers , this 

system was commiss ioned in 1 9 6 8 

and provided on-l ine links to data co l 

lect ion min icomputers work ing at in 

d i v i d u a l exper iments. 

* This gave a considerably faster 

method of processing inter im data 

samples than had previously been pos

sible using the 'bicycle on- l ine' method 

where data tapes were taken by hand 

to the main computer for processing. 

Sof tware has been developed wh ich 

a l lows programs for min icomputers to 

be developed on-l ine to the IBM 

system via CERNET, using terminals 

at tached to the min icomputers . This 

means that an older system, based on 

a CM 1 0 0 7 0 computer , can also be 

phased out. 

First hadronic event observed at PETRA. It was 
seen in the PLUTO detector at a total energy of 
13 GeV. Several tracks and two converted 
photons can be clearly seen. The digits around 
indicate the approximate amplitudes in the 
shower counters. Vertex position and energy-
sum correspond to the values expected in an 
electron-positron annihilation. 

DESY 
First annihilation event 
at PETRA 
Less than four weeks after moving the 

detectors M A R K - J , PLUTO and TASSO 

into their work ing posit ions at the 

PETRA storage r ing, the first e lectron-

posi t ron annihi lat ion into hadrons has 

been observed. The storage ring was 

running at a total energy of 1 3 GeV and 

the event was found by the PLUTO 

group in the early morning of 18 

November. 

It was the f irst hadronic event 

recorded at PLUTO since the observa

t ion of the upsilon in the DORIS 

storage ring last May (see June issue, 

page 2 0 2 ) and was just four years after 

the J/psi had been seen in PLUTO. 

Another happy day for its crew, wh ich 

worked hard to improve the detector to 

cope w i t h the 38 GeV total energy ex

pected at PETRA. 

Addi t ional iron absorbers and drif t 

chambers were mounted all around 

the 'o ld ' PLUTO to provide better muon 

ident i f icat ion. T w o new forward 

spect rometers are used to detect par t i 

cles emerging at small angles and in 

part icular to recognize electrons. This 

a l lowed ident i f icat ion of elastic scat

ter ing even ts # which are now used to 

moni tor the PETRA luminosity. Such 

events were already observed at 16 

GeV. The rest of the PLUTO detector is 

ready for data- tak ing. 

Four shifts per week have been 

available up to n o w for detector tests. 

The t w o new devices, MARK-J and 

TASSO, have made good progress and 

early next year the JADE detector is 

scheduled to move in. A t present most 

of the t ime is devoted to machine 

studies. Progress has also been made 

on the accumulated beam current and 

up to 15 m A can now be stored in a 

single bunch. This is 75 per cent of the 

design current of 2 0 m A per bunch. 
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WISCONSIN 
Aladdin project 
The University of Wisconsin has been 

the scene of much of the pioneering 

w o r k on synchrotron radiation using a 

2 4 0 MeV electron storage ring called 

Tantalus. Now in the Synchrotron 

Radiation Center, directed by Ed 

Rowe, a new ring called Aladdin is 

under construct ion f inanced by 

the National Science Foundat ion. 

Construct ion is expected to take about 

t w o and a half years so that the f irst 

l ight wi l l emerge f rom Aladdin 's magic 

lamp early in 1 9 8 0 . 

The ring was originally conceived for 

7 5 0 MeV electrons w i th a radius of 2 

m giv ing a crit ical wave length of 2 7 . 6 

angst roms ( 4 5 0 eV photon energy). To 

extend the research potent ial of the 

machine a move to a 'square' 

geomet ry wi l l a l low 1 GeV operat ion 

later in the machine's life and a 5 T 

'wiggler ' jn one of the straight sect ions 

wi l l extend the spectrum out to a 

crit ical wave length of 3.7 angstroms 

(3.3 keV). 

The plans of the building to house 

the ring and the experiments have 

been approved. Many machine c o m 

ponents are being manufactured. All 

the magnet cores have been stacked 

and machin ing of the gaps and 

reference surfaces is under way. The 

f irst coils have been del ivered. 

Quadrupoles are being built at the 

Laboratory and are nearing comple

t ion. The microt ron injector, the inf lec-

tor and the vacuum system are all 

progressing. 

W o r k on dedicated synchrotron 

radiat ion sources is also under way 

elsewhere in the US at Stanford and 

Brookhaven. 

Artist's conception of the Synchrotron 
Radiation Center at the University of Wisconsin 
which will house the Aladdin storage ring. 

LOS ALAMOS 
New intensity record 
at LAMPF 
To prepare for 5 0 0 uA beam operat ing 

current in the November-December 

operat ing cycle, tests w i t h currents up 

to 6 7 5 uA were recent ly run at the Los 

A lamos 8 0 0 M e V proton linear ac

celerator, LAMPF. This is a wor ld 

record for average beam current in 

high energy r.f. accelerators by a w ide 

marg in . The accelerator performed 

wel l and experience was also gained 

w i t h the exper imental area target ing 

systems. The tests gave confidence 

that the use of 1 m A beams is w i th in 

reach. 

A four teen hour run at 6 0 0 uA 

showed sat isfactory performance of 

the rotat ing whee l graphite targets (3 

and 6 cm thick). Target l i fet ime is one 

of the most severe engineering 

problems, along w i t h such basic 
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problems as mainta in ing beamline 

vacuum in the presence of high ther

mal stresses. The 8 cm stat ionary 

graphi te target used to generate the 

pion beam for b iomedical use w a s 

l imi ted to about 6 0 0 uA or less w i t h o u t 

direct wa te r cool ing but the rotat ing 

whee l targets at the f irst t w o target 

cells seemed happy at 6 7 5 uA. 

No problems were seen w i t h the 

^water cooled exit w i n d o w or beam 

stop. The beam stop dissipates about 

3 5 0 k W w i t h a beam current f rom the 

accelerator of 6 0 0 uA at 8 0 0 MeV 

w h e n the b iomed target is not tak ing 

beam. The beam swi tchyard showed 

no signi f icant evidence of ' o f f -energy ' 

beams or other problems. Accelerator 

and beamline reliabil i ty was close to 

1 0 0 % and beam loss in the ac

celerator was accurately moni tored as 

be low 1 uA. 

W i t h these high currents, systems 

for accelerator and beamline self-

protect ion are now vital for reliable 

operat ion. A t 1 0 0 0 uA, it is est imated 

that severe mechanical damage could 

occur in as short a t ime as 1 0 0 to 2 0 0 

us. Several systems provide rapid 

p ro tec t i on against loss of most of the 

beam and s lower response against 

loss of small amounts of beam. 

in addi t ion to these higher beam 

currents for the meson product ion 

areas, the nucleon physics p rogramme 

wi l l soon also rejoice in the provision of 

variable energy negative hydrogen ion 

beams. This p rogramme has been 

given a great boost by the availabil i ty 

of a polarized H~ beam. 

Several methods of producing lower 

energy H" beams s imul taneously w i t h 

8 0 0 MeV proton beams are under 

study. Unti l this manoeuvre is 

per fected, a t ime-shared mode of 

operat ion (dividing the machine duty 

factor be tween proton and H" users) 

w i l l be imp lemented . The required 

swi tchyard modi f icat ions set a t ime 

scale of six to twe lve months for 

product ion use of variable energy 

negat ive hydrogen ions. 

BR00KHAVEN 
ISABELLE 
construction plans 

W i t h the groundbreaking ceremony for 

the ISABELLE 4 0 0 GeV proton-proton 

storage rings just concluded, a 5 T 

magnet in hand and a 23 mil l ion dollar 

budget for this fiscal year in 

Brookhaven's pocket, a brief review of 

the construct ion plans for the machine 

is in order. 

Site preparat ion for the who le ring 

wi l l begin in the spring and construc

t ion of one- th i rd of the tunnel and the 

'w ide angle hal l ' at the '6 o'clock' i n 

tersect ion region wi l l begin later in the 

year. In subsequent years, the conven

t ional construct ion wi l l cont inue 

counterc lockwise until the ring is 

closed. 

The last t w o experimental halls to be 

bui l t w i l l be the major faci l i ty halls, so 

as to a l low the experimenters ' plans to 

progress as far as possible before the 

concrete is poured. 

Components for a hundred magnets 

wi l l also be ordered this fiscal year. 

Magnets for the f irst full cell of the 

machine are presently under const ruc

t ion by industry. These six dipoles and 

t w o quadrupoles wi l l init ially be 

operated in a mock-up of the tunnel to 

check the present designs for magnet 

hook-up and operat ion. Construct ion 

of the remaining magnets wi l l be under 

w a y by the end of the fiscal year. The 

plan is to obtain the f inished coils, the 

iron laminat ions and support tubes, 

and the vacuum envelopes f rom in 

dustry and then to assemble and test 

the magnets at Brookhaven. 

Meanwh i le , space (in the research 

area of the famous Cosmotron ac

celerator) is being cleared for a magnet 

factory as effort swi tches f rom 

research and development to large-

scale product ion. To handle the 

cryogenic load for test ing ISABELLE 

product ion magnets , a 1 0 0 0 W 

refr igerator, dubbed PAT, is installed 

and being checked out. 

The ISABELLE Summer Workshop 

did much to clarify plans for experi

ments at the high energies to be made 

available by the 4 0 0 GeV col l iding 

proton beams. One of the main topics 

w a s a review of the experimental halls. 

The w ide angle hall received the most 

detai led a t tent ion, since its construc

t ion is imminen t . Suggest ions regard

ing f loor elevat ion and staging areas 

were incorporated into the design. 

The exper imental halls study group 

also checked the f lexibi l i ty of the open 

areas, t r ied to increase the versati l i ty of 

the narrow angle hall and studied 

whe the r the large faci l i ty halls w o u l d 

accommoda te the large detectors built 

around the several possible magnet 

geometr ies. Detailed study of the next 

areas to be bui l t is cont inuing this 

win ter . 

The s u m m e r Workshop also focused 

on data handl ing for ISABELLE experi

ments . A group considered both s i m 

ple and complex detectors to get an 

idea of w h a t the needs wou ld be, 

a l though it w a s realized that only 

rough approx imat ions could be made 

for the largest detector. 

A t the t r igger level, extensive use of 

special func t ion processors (hardware 

processors w h i c h perform a special

ized task in t r igger ing or analysing 

data) wi l l be necessary in order to keep 

exper iments f rom drown ing in u n 

w a n t e d data. It was thought that an ex

per iment w o u l d use tr iggers in several 

levels, f rom coincidences (which are 

fast but w o u l d not be suff iciently selec

tive) to sophist icated track match ing 

a lgor i thms (which are used for only a 

f ract ion of the interact ions). 

The group also considered require

ments for on-l ine and off- l ine c o m 

put ing. It w a s clear that , however 

sophist icated the tr iggers, signif icant 

increases in off- l ine comput ing power 

wi l l be required. 

The th i rd major topic at the 

Workshop w a s particle detect ion. Drift 
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A Point 
of View 

Plan of the ISABELLE400 GeV proton-proton 
storage rings at Brookhaven fed by the 
Alternating Gradient Synchrotron. Construction 
oflSABELLE is scheduled to start early in 19 79. 

SMALL 
ANGLE 
HALL 

and proport ional chambers, Cherenkov 

counters, calor imeters, and hodos-

copes and microchannel plates were 

each looked at f rom the v iewpo in t of 

ISABELLE needs — good spatial and 

t im ing resolut ion, high rate capabi l i ty 

and long l i fet ime in a high radiat ion en 

v i ronment . 

Considerat ion was given both to op 

t imizat ion of present detectors (e.g. 

chamber l i fet ime) and to deve lopment 

of new devices. It w a s clear that con 

siderable benefi t wi l l be derived f rom 

fur ther research and after the 

Workshop the f irst round of grants 

f rom ISABELLE for research and 

deve lopment on new detectors was 

announced. Proceedings of the 

Workshop are being prepared. 

Collaboration 
and Authorship 

Despite the numerous possibilities for 

discord which could arise, for example 

when more tham 50 physicists from 

about a dozen groups scattered over 

some six countries work together, the 

success of large international scientific 

collaborations shows that the common 

aim of scientific curiosity can trans

cend national and personal dif

ferences. However such collaboration 

is not without its problems. In this arti

cle, Douglas Morrison of CERN ex

plains the problems of authorship in 

large collaborations. It is taken from 

the paper 'Sociology of International 

Scientific Collaborations' published in 

'Physics from Friends' — the 

Festschrift dedicated to Charles 

Peyrou on the occasion of his sixtieth 

birthday (see June issue, page 219). 

The full version of the paper is also 

available separately as CERN preprint 

CERN/EP/PHYS 78-38. 

Authorsh ip is one of the f ew aspects of 

internat ional col laborat ion w o r k where 

there can be serious f r ict ion and real 

unhappiness. Generally in discussing 

Col laborat ion affairs, its members 

speak freely and openly on scientif ic 

and technical mat ters. But on ques

t ions of authorship, a good proport ion 

of the physicists do not say w h a t they 

feel and this may result in f rustrat ion 

and feel ings of injust ice. 

The problem is complex but may be 

spli t into three parts : f irst ly the dist inc

t ion be tween 'basic wo rk ' and 'physics 

analys is ' ; secondly dif ferent opinions 

of physicists of ten varying w i t h age or 

w i t h the stage they are at in their 

career, and th i rd ly the number of 

papers the Col laborat ion is producing. 

Basic w o r k can be def ined as the 

preparat ion of the proposal, designing 

and const ruct ing the apparatus, test 
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The forward spectrometer of the apparatus 
used by the European Muon Collaboration at 
CERN — a team of more than 60 physicists 
from over a dozen institutions spread over five 
countries and truly an international 
collaboration in its own right. 

(Photo CERN 164.4.78) 

runs, data- taking runs ; analysis of the 

data, checking and correct ing input 

data and put t ing them on data s u m 

mary tapes (DST). This is a large 

amount of work involving many people 

and usually is spread over several 

years though f irst results may be 

available after less than one year. The 

physics analysis of ten starts f rom the 

DST and tends to require a shorter t ime 

— usually a f ew months to about a 

year. The people w h o do the detai led 

calculat ions of the physics analysis 

are usually f ew in number (we wi l l call 

t hem 'principal authors') a l though 

many more may be involved in the dis

cussions or secondary calculat ions. 

For authorship dif ferent suggest ions 

have been made, for example : (1) that 

all should sign in alphabetical o rder ; 

(2) that all should sign, but the pr in

cipal authors should be recognized, 

possibly by being ment ioned f irst, (3) 

that only the principal authors should 

sign. Some senior physicists w i t h es

tabl ished reputat ions may favour (3), 

arguing that only those really involved 

should sign, but a younger physicist 

w h o is not a principal author and w h o 

w o u l d like to establish his scientif ic 

reputat ion and get a job, of ten prefers 

to sign several papers. It is the classic 

Catch 2 2 : he feels reluctant to speak 

out , but if he agrees not to sign he has 

the feel ing that all the basic w o r k he 

has done has not been duly 

acknowledged. 

For a Col laborat ion wh ich has f e w 

papers to publ ish, the usual solut ion is 

for all authors to sign in alphabetical 

order. However other Col laborat ions 

may publish many papers and intend 

to publ ish many more — say at the 

rate of one every month or t w o 

months . A t this stage in a Col labora

t ion 's life it is generally agreed to 

reduce the number of authors. Another 

solut ion (4) al locates to each part ic i 

pat ing group (e.g. a university) a basic 

number of authors reflecting in some 

w a y the contr ibut ion that the group 

has made to the Col laborat ion. In addi 

t ion if a part icular group has done most 

of the physics analysis for a paper, then 

it w i l l have an extra al location of 

authors for that paper. 

Most Col laborat ions adopt Solut ion 

1 , where all physicists are authors and 

their names are given in alphabetical 

order — this has the great advantage 

of avoiding long unpleasant discus

sions and possibly long-term feelings 

of unfairness. Several Collaborations 

adopt Solut ion 2 where all physicists 

sign but the principal authors ' names 

are given first. To some this is a just 

reward and of ten it is introduced on a 

paper where the principal author or 

authors are clearly defined. But later 

there are cases w h e n the principal 

authors are not clearly defined and 

del icate discussions ensue. Again 

vis i t ing scient ists are favoured by 

Solut ion 2 , as they are usually in the 

Laboratory too short a t ime to perform 
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People and things 

useful ly much basic work and hence 

concentrate on the physics analysis. In 

one Col laborat ion, Solut ion 2 is 

general ly adopted for minor papers but 

for major results of the Col laborat ion 

Solut ion 1 is used w i t h names in str ict

ly alphabetical order. Solut ion 3 using 

only the principal authors is rarely 

used, except w h e n the Col laborat ion is 

dy ing. 

There is an alternative solut ion 

w h i c h is applied but rarely discussed. 

The authors are listed in alphabetical 

order to avoid controversy, but people 

w h o do outs tanding w o r k are 

rewarded in other ways. One w a y is to 

p romote them or to give them strong 

recommendat ions that enable them to 

get a good posit ion in another 

Laboratory — however this solut ion is 

not very successful as it is not obv ious

ly correlated w i t h a paper and anyway 

most people w h o are p romoted or 

highly recommended do not consider 

it, and rightly so, as a reward but as 

their due. 

A better and more immediate so lu

t ion is to arrange that the principal 

authors present the results at seminars 

or internat ional conferences. This is 

very effective and common ly done 

though not everyone realizes that it is a 

replacement of the use of authors in 

non-alphabet ical order. 

The qual i f icat ion for a person to be 

an author is usually that he has con 

t r ibuted to the exper iment and is ful ly 

able to defend the paper in public. Nor

mal ly this restricts the authorship to 

physicists, but not infrequent ly a non-

physicist w h o has made an impor tant 

cont r ibut ion has his name added to a 

paper. 

In summary , the quest ion of 

authorship in large Collaborat ions is a 

controversial one, involving st rong 

feel ings. There is no perfect solut ion 

and generally the policy adopted is to 

name all part ic ipants, fo l low ing the 

principle of preferr ing minor dis

sat isfact ion of the many to great un -

happ iness fo r the few. 

On people 

On 30 November, Abdus Salam was 

presented with the Royal Medal of the 

Royal Society in the UK. The citation 

notes that 'his work on renormalization 

theory and the neutrino greatly added 

to our understanding of the weak 

atomic interactions.' 

It was with great sadness that we 

learned of the death in Paris on 

8August ofMme Stephanie Tixier. 

All who were privileged to know her 

during her years at CERN, from 1954 

to 1967', recognized in Stephanie 

Tixier very great qualities both in mind 

and heart. The part she played during 

the negotiations for the Headquarters 

Agreement and later in those 

concerned with the first extension of 

the site in France, which made the ISR 

project possible, was an extremely 

valuable contribution to the progress 

Not a cleverly camouflaged piece of artillery, 
but the CERN two-metre bubble chamber, 
packed and ready for transit to its new home at 
the Deutsches Museum, Munich. 

(Photo CERN 385.11.78) 

of the Organization. The older staff 

members of CERN pay tribute to the 

memory of a very dear friend. 

Meetings 

The sixth in the series of joint Schools 

organized by the Joint Institute for 

Nuclear Research (Dubna) and CERN 

will be held at Dobogoko near Buda

pest in Hungary from 2-15 September 

1979. The School is aimed at young 

experimental high energy physicists 

mainly from the Member States of 

JINR and CERN. The programme will 

cover neutrino physics, quantum 

chromodynamics, new particles, large 

PT phenomena and electron-positron 

physics as main topics. Further in

formation may be obtained until 1 May 

from Mrs. T.S. Donskova, JINR, 10 

1000 Moscow, Head Post Office, P.O. 

Box 79 or from Miss D.A. Caton, CERN, 

CH-1211 Geneva 23, Switzerland, or, 

after 1 May, from Dr. K. Szego, Central 
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Science fiction becoming science fact. Seen 
here on test in a tunnel mock-up is MANTIS-
MANipulator Transport and Inspection System 
— a mobile remote manipulator specially 
developed at CERN for maintenance and repair 
jobs where radiation restricts personnel access. 

(Photo CERN 304.6.78) 

Research Institute for Physics, 

H-1525 Budapest P.O. Box 49, 

Hungary. 

The 1979 International Symposium on 

Lepton and Photon Interactions at 

High Energies will be held from 23-29 

August at Fermilab. Attendance at the 

conference is by invitation and persons 

who are interested in attending are 

encouraged to write to the symposium 

secretary, Dr. C. Brown, Physics 

Department, Fermilab, P.O. Box 500, 

Batavia, Illinois 60510. 

An International Seminar on 'The 

Great European Projects' is being 

organized by the European Physical 

Society for Rome on 26-27 March 

1979. The LEP electron-positron col

liding beam project, TeV fixed target 

proton synchrotrons and large syn

chrotron radiation sources will be 

amongst the subjects to be presented 

and discussed. A limited number of 

places have been reserved for people 

with a particular reason to be present 

and further information can be ob

tained from the EPS Secretariat, Euro

pean Physical Society, P.O. Box 69, 

CH-1213 Petit-Lancy 2, Switzerland. 

Mantis 

CERN's own remote manipulator 

system will soon be available for use 

anywhere on site for jobs where the 

radiation level restricts access by 

maintenance staff. Called MANTIS -

MANipulator Transport and Inspection 

System — it is already assisting in 

external repair and recuperation work 

on radioactive beamline components 

placed in a shielded storage com

pound. During the forthcoming shut

down, it will start internal maintenance 

work actually within the machine 

areas. 

MANTIS comprises a 'slave' vehicle 

which enters the working zone, a 

master control station which remains 

in a safe area up to 400 m away and a 

communications system which links 

the two. 

The operator controls MANTIS with 

the help of 'hearing' and 'touch' sen

sors, and s&veral television cameras, 

three of which are mounted on the 

slave vehicle, while an independent 

camera system — nicknamed 'Private 

Eye' — can take up any chosen van

tage point. 

When folded for transport, MANTIS 

is compact enough to negotiate nar

row access routes but once in position 

it can extend to reach 8 m, wielding 

loads of up to 500 kg, even over the 

top of shielding walls. 

Column rising 

The November issue of the NSF 

Newsletter reports that the building 

construction at the Da res bury Nuclear 

Structure Facility is virtually complete. 

Machine installation has started in the 

tower which is to house the 30 MeV 

tandem with the lowering into place of 

the first modules of the high voltage 

column. 

Epilogue 

To close the 1978 Volume of CERN 

COURIER, we would like to record our 

thanks to all those who have so readily 

provided us with information and as

sistance for our articles. This thanks 

goes especially to the Laboratory cor

respondents listed inside our front 

cover who have been a major source of 

input. Our next issue goes to press in 

February and will be available early in 

March 1979. Breaking with previous 

tradition, this issue will be cover-dated 

March. We look forward in 1979 to an 

exciting year of development and dis

covery in particle physics, and as 

always the CERN COURIER will aim to 

keep its readers well-informed of 

progress worldwide. 
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Massachusetts 
Institute of Technology 

BATES LINEAR ACCELERATOR 
LABORATORY 

RESEARCH 
AND DEVELOPMENT 
POSITIONS 

Posi t ions f o r physicists a n d e n g i n e e r s are 
a v a i l a b l e a t t h e MIT Bates L inear A c c e l e r a t o r 
L a b o r a t o r y in nuc lear s t ruc tu re research a n d f o r 
f a c i l i t y a n d acce le ra to r d e v e l o p m e n t . Research 
a t p resen t inc ludes h i g h - r e s o l u t i o n e l e c t r o n 
sca t te r i ng a n d m e d i u m - e n e r g y p h o t o - r e a c t i o n s . 
The L a b o r a t o r y is u n d e r g o i n g a n e x p a n s i o n in 
i ts e x p e r i m e n t a l fac i l i t ies a n d is p l a n n i n g t o i n 
crease t h e acce lera tor 's p resen t 400 M e V a n d 
1.8% b e a m e n e r g y a n d d u t y fac to r . We seek 
ind iv idua ls f o r b o t h s h o r t - t e r m a n d l o n g - t e r m 
a p p o i n t m e n t s . For t h e la t te r , c o m p e t e n c e a n d 
en thus iasm f o r t h e s o l u t i o n o f techn ica l p r o b l e m s 
is essent ia l , a n d successful cand ida tes w i l l be 
e x p e c t e d t o m a k e m a j o r c o n t r i b u t i o n s in o n e o r 
m o r e o f t h e f o l l o w i n g areas: 

A c c e l e r a t o r Des ign a n d T e c h n o l o g y : Beam 
Optics; Mic rowave Structures and Systems; including 
Computer Interfaces; Beam Moni tor ing. 

Fac i l i t y D e v e l o p m e n t : Spectrometer Design and 
Development; Power Supplies; Cryogenic Targets 
and Magnets; Detector Deve lopment including 
CAMAC-Computer Interfacing; Mechanical Devices 
and Structures; Vacuum Systems. 

The L a b o r a t o r y is s i t u a t e d in M i d d l e t o n , Massa
chuset ts , a suburb o f B o s t o n , a p p r o x i m a t e l y o n e -
h a l f h o u r f r o m t h e MIT Campus in C a m b r i d g e . 

Please send complete Resume, in confidence, to : 

Bates Linear Accelerator 
c/o Wil l iam Lobar 
P.O. Box 95 
Midd le ton , M A 01949 
U.S.A. MIT 

MIT is an equal opportunity/affirmative action employer. 

ENGINEERS/PHYSICISTS/ 
COMPUTER ANALYSTS 

Major nuclear accelerator faci l i ty expanding staff to 
handle large new superconduct ing cyclotron program. 
Needs engineers, physicists, and computer analysts 
w i t h experience in design of digital data systems, or 
in design of high power r.f. apparatus, or as min i 
computer analysts, or as accelerator operat ions 
manager, or as accelerator diagnost ic specialists, 
or in other particle accelerator related specialit ies. 

Dynamic work ing si tuat ion w i t h excellent fr inge 
benefi ts and job securi ty in at tract ive, campus 
dominated, small city. 

Send resumes to 

R. PARDO 
Assistant Director 
CYCLOTRON LABORATORY 
MICHIGAN STATE UNIVERSITY 
EAST LANSING / Ml 4 8 8 2 4 

Closing date January 1 5, 1 9 7 9 . 

Michigan State University is an equal oppor tuni ty 
and af f i rmat ive act ion employer. 

i * National Research 
Council Canada 

Conseil national 
de recherches Canada 

Experimental High Energy 
PHYSICIST 

The National Research Council of Canada's Division of 
Physics is located in Ottawa, Canada. The High Energy 
Physics Laboratory requires an experienced and dynamic 
experimental High Energy Physicist with proven leadership 
ability to work with a team of eight experimentalists, three 
theorists and several Research Associates. The group 
includes staff of Carleton University (also in Ottawa) which 
has a sophisticated high energy instrumentation capability. 

Studies are currently being carried out in meson spectro
scopy at high energy accelerators, and meson physics at 
intermediate energy facilities. The successful applicant 
will be responsible for initiating and carrying out advanced 
research at modern accelerators such as SLAC and 
FERMILAB. 

Salary is commensurate with experience and will be up to 
$39 ,000 perannum. 

NRC 
Apply in writ ing, giving complete 
details of education and experience to 
the Employment Officer, National 
Research Council of Canada, Ottawa, 
Ontario, Canada K1A 0R6. In reply, 
please quote P-77-1057. 

Please reply by 9 January 1 979. 
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T R I U M F / U N I V E R S I T Y OF BRITISH 
C O L U M B I A 

Research Associate in 
Intermediate Energy Physics 

T w o Research Associate posit ions are available for 
research in Experimental Physics at the TRIUMF 5 0 0 
MeV Cyclotron. Candidates should have comple ted a 
Ph.D. in nuclear or particle physics w i th in the past t w o 
years. Graduate students expect ing to complete their 
degree in the next f e w months wi l l also be considered. 

The successful appl icants wi l l be engaged in the 
University of British Columbia research p rogramme at 
the Cyclotron. 

These appo in tments wi l l be made init ially for a period 
of one year wh ich may be extended up to a m a x i m u m 
of three years. Salary wi l l depend on experience, w i t h 
a m i n i m u m of $ 1 5 , 5 0 0 per annum. 

Send curr iculum vi tae, list of publ icat ions and names 
of referees to : 

Dr. G. Jones 
D e p a r t m e n t of Physics 
Un ivers i ty o f Br i t ish C o l u m b i a 
2 0 7 5 W e s b r o o k Place 
Va ncouver , Br i t ish C o l u m b i a 
V 6 T I W 5 

GYROLOK 
Flareless 

Tube Fittings 
A V A I L A B L E 

• in b rass , 3 1 6 S S , 
s t e e l , m o n e l a n d 
a l u m i n i u m 

• in s izes f r o m 

1/1 6 " t o 1 " 0 D / 
3 m m t o 1 6 m m 

• f o r h i g h v a c u u m 

p ressu re — t e m p e r a t u r e 

c r y o g e n i c s 

Also available in CERN 

central store 

m a b Kemi 

HOKE 

MATKEMIAG 
4106 Therwil 
Erlenstrasse 27 
Tel.061/734822 
Telex 62440 

Exclusive distributor for Switzerland 
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NUPRO Check & Relief Valves give you 
of function* 

performance and design 
to fit your application 
exactly. 

This versatile line of NUPRO Check 
and Relief Valves includes models 
for reverse flow check, inline relief, 
popoff relief to atmosphere, and 
manual purge. 

To meet your performance specs, 
you can select working and back 
pressures to 3000 psi, cracking pres
sures from 1/3 to 600 psi, tempera
ture ratings in the -40° to -r-400°F 
range, and flow capacities from 
C v = 0.16 to 4.68. 

Designs include fixed and adjust
able models, in a wide choice of 
materials. 

S^fcO^*?or pipe end connec
tions are available in sizes from 
1/16" to 1". All valves immediately 
available from local distributor 
stocks. 

gwotyws*: T M Crawford Fitting Company 

r ; 4 

:d worn 

J A K0NTR0N AG 
IY1 ABTEILUNG PRAZISIONSARMATUREN 

Pvl l_l F=> R • 
CH-8048 Zurich Bemerstrasse-Siid 169 "S" 0162 92 62 
D 8057 Eching b. Munchen Oskar-v.-Miller-Str. 1 «& (0 8165) 7 72 88 
A M 0 Wien Ameisgasse 49 'S3' 94 56 46 
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The hands off pressure/flow controller 
you set and forget. 

With our fully automatic ionization gauge controller. It 
does the work right every time. Should you trust your vac
uum process to controllers that offer less performance? 

Using our controller your systems cycle the same way 
every time. After programming, no one needs to touch or 
even look at the Series 270 controller as your systems go 
through production cycles. 

You get electronic autoranging that responds rapidly to 
pressure bursts. That means you avoid unnecessary sys
tem shutdowns that can be caused by mechanical range 
changing mechanisms. 

Service problems can be easily corrected. All circuit com
ponents, including all switches, are mounted on two printed 
circuit boards that can easily be changed without any sol
dering operations. 

These are some of the advantages of our Series 270 Con
troller. It can make your vacuum processing easier, more re
liable, and give you peace of mind. 

Specifications, prices, sales and service on our complete 
line of ionization gauge controllers are available by contact
ing the appropriate company below. 
FOR SALES A N D SERVICE CONTACT: 
France: V.M.D.I. Le Vide Moleculaire, Dans L Industrie, 1 1 , Rue De La Vil lette, 
75019 Paris, France, Telephone: 205-26-80, Telex: 280 823/500 ITSER • Italy: 
G. Gambetti Kenologia, 201 22 Milano, Via Lamarmora 33, Milan, Italy, Telephone: 
54.66.982, 54.66.986, Telex: 843-32250, Cable: TECNOTORR • Netherlands: 
Intechmij B.V, Lip Van De Landreand Glinderman Groep, Postbus 8068, Hoogkar-
spelstraat 68, Den Haag, Holland, Telephone: 070-251212, Telex: 31216 • Bel
g ium/Luxembourg: Landre-lntechmij N.V., Lange Leemst«eat 383, 2000 Antwerp, 
Belgium, Telephone: 0 3 1 - 3 0 3 2 7 3 / 3 0 3 2 7 8 , Telex: 3 5 2 6 4 Landre-B • Sweden, 
Norway, and Finland: Vacuumservice, a.b., P.O. Box 421 37, S-126 12 Stockholm 
42, Sweden,Telephone: 08-744-29-85, Telex: 116 95 Vacserv S, Cable: Vacuum-
service Stockholm • Switzerland, Liechtenstein, and Austria: U. Grazer Vakuurm-
technik, Neumuhlequai 6, 8001 Zurich, Switzerland,Telephone: 01 47 1588, Tel
ex: 5 8 9 3 3 * United Kingdom/1 re land: Kratos Ltd./A.E.I. Scientif ic Apparatus, Bar
ton Dock Road-Urmston, Manchester M31 2LD, England, Telephone: 061-876 
4466 Ext., Telex: 668482 Kratos G., Cable: Sciapp Manchester • West & East 
Germany: Vivod/Physik-Technik, Augustenstrasse 27, 8000 Munchen 2, West 
Germany, Telephone: (089) 521002, Telex: 524687 Vivod D • 

GRANVILLE-PHILLIPS 
5675 EAST ARAPAHOE AVENUE 

BOULDER, COLORADO 80303, U.S.A. 
PHONE 303/443-7660 • TELEX 045-791 

SUPERCOOL 
THERMOELECTRIC 
PMT CHAMBER 
AT LEAST 60°C COOLER cathode operating 
temperature is provided by this new, 
water-cooled PMT housing. 
Temperature stability is ±0.05°C. 
No bulky compressor means high 
reliability. Model TE-210 TSRF 
end-window tubes (and side-
window version) provide fully 
wired socket assembly for all 
standard PMTs. Also — 
Front Mounting Adapter 
and 19" Relay Rack 
Controller. It accepts 
options offered for all 
standard PFR 
chambers. Call 
(617) 774-3250 
or write: 

" A s k about our new 
21-pin Ceramic Socket 
for cooling to dry 
ice temperatures. 

Products for Research, Inc. I 
78 Holten Street, Danvers, MA 01923 

CABLE: PHOTOCOOL TELEX 94-0287 ] 

fifa M e t a r e g 

MONTAGE INDUSTRIEL 
INSTALLATION 

TRANSFERT 
ENTRETIEN 

LEVAGE 

AGENCE: 
13, chemin du Levant 

01210 FERNEY-VOLTAIRE 

Tel. (50) 40 55 31 

Siege s o c i a l : 

1 5, avenue Descartes 

9 2 3 5 0 LE PLESSIS-ROB1NSON 

Tel. 6 3 0 2 2 3 8 - Telex 2 5 0 9 4 9 plrob 
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Multich3nnelHigh MageSs/slm 
IME 4 B O O S E R I E S 

9|£ For use w i t h large pho to -mu l t i p l i e r 
de tec to r arrays and w i r e c h a m b e r s . 

9fc Economica l 

Easily serv iced 

$|$ Manua l con t ro l o f each channe l o r external 
con t ro l by Tele type or c o m p u t e r c o n t r o l via C A M A C 

NE 4803 P H O T O M U L T I P L I E R H V 

O u t p u t s Up to 32 per crate 
V o l t a g e 300V to 3kV negative (positive 
optional) 
C u r r e n t 0 to 2mA average per channel, 3mA max 
S t a b i l i t y 0.1 % for line and temperature, range 
0 ° C t o + 5 0 ° C 
R ipp le < 0 . 5 V peak to peak at 2mA 
P r o t e c t i o n Protected against short circuits on 
output 
O v e r l o a d Common overload line activated when 
any channel is overloaded 
H V M o n i t o r i n g From rear panel connector on 
common analogue line. Ratio 1V/1kV 
P a c k a g i n g 3'u' high rack containing 16 cards 
each wi th 2 individual outputs 

NE 4802 H V C O N T R O L M O D U L E 

Common to PM and wire chamber systems. 
Al lows local control of any of the HV channels in 
the associated crate. 
C o n t r o l Range 0 to 6999V 
R e s o l u t i o n ±0.5V 
U p / D o w n 3 toggle controls provide voltage 
increment/decrement f rom single step to 200V/s. 
M o n i t o r 1V/ kV tr immable to 0.05% at a specific 
voltage 
T a k e D o w n Range 0 to 2500V set by front panel 
control (common to all channels) 
M a x i m u m V o l t a g e Range 1 kV to 7kV set by 
front panel control (common to all channels) 
Da ta B u s Serial duplex, 20mA current loops. 
The control signals are based on the ASC11 code 
allowing remote control of any channel (256 per 
remote controller output) using either a remote 
Camac controller or a Teletypewriter (or similar) 
terminal. 

CHAN*! 

MAX* 

TAKI BOWU ¥01fS 
VOLTS 

mnrnm 

NE 4804 W I R E C H A M B E R H V 

O u t p u t s 16 per crate 
V o l t a g e 2.5kV to 7kV negative (positive optional) 
C u r r e n t 0 to 0.7mA 
S t a b i l i t y 0.1 % for line and temperature, range 
0 ° C t o + 5 0 ° C 
R ipp le < 1 V peak to peak at 0.5mA 
O v e r s h o o t < 5 0 V 
P r o t e c t i o n Protected against short circuit on 
output 
C u r r e n t l i m i t Presettable for each channel 10^A 
to 7 0 % A 
O v e r l o a d a l a r m Common overload line activated 
when any one channel goes into current limit 
H V C u r r e n t M o n i t o r i n g From rear panel 
connector on common analogue line. Ratio 
1V/1kVor1V/100MA 
M e t e r I n d i c a t i o n Meter indicates voltage or 
current for each channel 

Typical system: NE 4801 Crate and Low 
Voltage, NE 4 8 0 2 Control, NE 4 8 0 3 
PM cards X16 = 32 channels, or 
NE 4 8 0 4 wire chamber cards X16 = 16 
channels 

Request full details and new NIM Catalogue from: 

IM.E. NUCLEAR ENTERPRISES S.A. 
25 Chemin Francois-Lehmann, 1218 Grand Saconnex, Geneve Tel. (022) 98 16 61/62. Telex 289066. 

Nuclear Enterprises Ltd. Nuclear Enterprises GmbH Nuclear Enterprises Inc. 
Sighthill, Edinburgh Eh11 4EY, Schwanthlerstrasse 74 8 Munchen 2 931 Terminal Way, San Carlos, 
Scotland. Tel. 031-4434060Telex72333 Germany Telephone 53-62-23 California 94070, USA 
Cables Nuclear, Edinburgh. Telex 529938. Tel: 41 5 592 8663 Telex 348371 
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Haefely Today 

Particle Accelerators 
High-Voltage DC Power Supplies 
Irradiation Systems 

for Research, Radiotherapy and Industry 

Thirty years ago, Haefely built the first ion and elec
tron accelerators for high and ultra-high voltages 
although requirements at that time were extremely 
sophisticated. 
Today, Haefely is working on ever more ambitious 
projects and has become a reliable partner with ex
perience in a wide field of activities: • DC acceler
ators for ions and electrons up to 4 MeV • High-
power electron accelerators for industrial radiation 
processing, design of complete irradiation systems 
• Electron accelerators with ultra-high stability of 
the accelerating voltage for high-voltage electron 
microscopy • Neutron generators for cancer therapy 
and industrial applications • High-voltage dc gener
ators with high outpout power • High-voltage dc 
power supplies for pulsed load or with high out put 
voltage stability • Modular high-voltage dc gener
ators 
Send for our brochure entitled: "Haefely Today" 
® 60 kW electron accelerator 

in a paint curing facility 
(g) Cancer therapy system with 

fast neutrons 
© 850 kV injector power 

supply 
450 kV/3.5 mA modular 
high voltage DC power 
supply 

Emile Haefely & Co L td Basel 
P.O.Box 
CH-4028 Basel/Switzerland 
Telephone 061/41 18 17 
Telex 62 469 ehb ch 

HAEFELY 

Dri l ls: 

# sheet metal up to 1.5 m m =/= 

# th in-wal led piping 

# car body sheet 

# plastic sheet and tub ing 

For install ing signall ing devices, assembl ing instrument 

panels, automat ic instal lat ions, f i t t ing aerials, laying 

pipes and cables. For reaming out existing holes. For 

deburr ing. 

Ind ispensab le fo r e q u i p m e n t a s s e m b l y 

Swiss and foreign patents 

TIPSWITOOL® 
Altkircherstrasse 30 
P.O. B o x - 4 0 2 7 BALE/Switzerland - Tel. 0 6 1 / 3 9 6 5 0 0 

Precision 
Power Supplies 
Stability up to 10" 6 ; up to 300 kW ; up to 300 kV 

fo r al l a p p l i c a t i o n s 

Magnets Microwave tubes 

Superconductors Capacitor charging 

Beam deflection Multipliers 

Control and Measuring Techniques 
Happinger Strasse 71 
8 2 0 0 Rosenheim 
Tel. 0 8 0 3 1 - 6 6 3 9 7 / 6 6 1 1 6 
Telex 0 5 2 5 7 7 7 hemes d 
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Now a desk-top computer with 
the power of a mini 

New HP System 3 5 - 2 5 6 K byte memory: 
enhanced B A S I C plus A S S E M B L Y 
programming. 

Throughput.That's what really 
matters. A n d that's what Hewlett-
Packard's new 9800 Series, System 
3 5 is all about. 

It increases dramatically the 
range and complexity of 
problems you can solve your
self. Speeds software develop
ment, too. 

T h e main memory can be as 
much as 2 5 6 K bytes. A n d H P has built 
in new programming flexibility that 
makes the most of them. 

You can program System 3 5 in an advanced 
version of B A S I C specially developed by H P But you 
have also the option of A S S E M B L Y Language which can be five to one 
hundred times faster for some routines. And you can mix BASIC and 
ASSEMBLY in the same program! 

System 3 5 is a powerful controller giving direct access to powerful 
buffered 1 /O facilities for interfacing. 

It is complete with C P U , user and mass memories, input and output 
devices in one compact unit. C R T 
or single line L E D display. A n d 
there is a wide choice of 
main memories, peripherals and 
interfaces. 

Send for full details - right now. 

HEWLETT PACKARD 
Hewlet t -Packard (Schweiz) AG, 19, Chemin Chateau-Bloc, 

1219 Le L ignon/Geneve, Telephone 0 2 2 / 9 6 03 22. 

HP9800 SERIES 

SYSTEM 35 I 
I 
I 
| Send me full details • Please arrange a demonstration • 

| My field is 

I 
Name 

Position 

Organisation 

Address 

Hewlett-Packard (Schweiz) AG, 19, Chemin Chateau-Bloc, 
1219 Le Lignon/Geneve, Telephone 022/96 03 22. 
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W E S C A M A C T E A M 

KARL WEHRMANN SPALDINGSTR. 74 2000 HAMBURG 1 TEL 040 /24 15 11 TLX 2 1 6 3 0 4 3 

C A M A C - C R A T E S 2 0 0 - 5 0 0 W 

• CERN COMPATIBLE, PLUGABLE 
POWER BOX 

• PLUGABLE FAN UNIT 

• DISPLAY SHOWS: STATUS, FAN 
FAILURE, OVERLOAD, OVERHEAT 

• CURRENT/VOLTAGE DISPLAY 

• SHORT CIRCUIT PROTECTION 

• COMPUTER MONITORING PLUG 

• THREE 500 W-VERSIONS 

• NOW WITH CERN APPROVAL 

For detailed technical and price information please contact WES: 

•NET 

WES-CAMAC-TEAM 
represented in Switzerland by 

CANBERRA-STOLZ AG Bellikoner Str. 218 CH-8967 Widen-Mutschellen Telefon 057/54078 Telex 54070 

Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 

Nettoyage d'ateliers, bureaux, laboratoires, cliniques 

Hygiene, disinfection, desinsectisation, deratisation 

Manutentions 

Office nouveau du nettoyage ONET 
13008-MARSEILLE 12 bis, boulevard Pebre tel. (91) 762850 
75-PARIS 4 e t 6 , rueduBuisson-Saint-Louis-X e tel. (1) 6079484 
GENEVE 55/57, rue Prevost-Martin tel. (022) 20 6848 
74-ANNECY 6, avenue de Mandallaz tel. (50) 514641 
01 -SAINT-GENIS Route de Gex - zi BP 25 tel. (50) 41 9133 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, Cadarache, 
La Hague, de I'ONU et de I'UIT a Geneve. 
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CAMAC FOR ALL TASTES 
from the haute cuisine of the Camac world 

A rich choice of nearly 
100 types of module; 
modules for every purpose. 

Yours, service compris. 

borer 
Designed to 
wash away 
damaging 
contaminants. 

BORER ELECTRONICS AG 

C H - 4 5 0 1 SOLOTHURN/SWITZERLAND 

Tel: 065/311131 Telex: 3 4 2 2 8 

Haws Model 7060 B 
with patented "Feather-Flo" heads 

Install Haws emergency eye/ face-wash fountains near 

every hazard. Push of the valve handle provides instant, 

gentle, pressure-control led water to float away 

contaminants without damaging delicate tissues. 

This equipment can help to eliminate potential permanent 

injuries. Write for free information and catalog. 

Haws International, 1439 Fourth St., 

Berkeley, California 94710, U.S.A. 

I N T E R N A T I O N A L 

Haws Emergency 

Equipment: Eye/Face-Wash 

Fountains • Drench Showers • 

Decontaminat ion Stat ions • 

Laboratory Units • Freeze-

Proof Units 

Deb i tmet res 
G E C - E l l i o t t Rotameter Works , Croydon 

Appare i ls cal ibres et 

non cal ibres 

pour l iqu ides et gaz 

type 1100 

l ivrables ex s tock Zur ich 

H e r a e u s 
WITTMANN 

R u b a n s c h a u f f a n t s 

Cab les c h a u f f a n t s 

T u y a u x c h a u f f a n t s 

S e l e c t e u r s d e p u i s s a n c e 

et de t e n s i o n 

Demandez la d o c u m e n t a t i o n aupres de 

Oerl ikonerstrasse 8 8 

tel . 0 1 / 4 6 4 0 4 0 

vo rm. W I S M E R A G 8 0 5 7 Zur ich 



a versatile new 
C A M A C serial/parallel 

highway driver 

2 0 5 0 

FEATURES OF THE 2050 

Good news for all PDP-11® users! Our 
new 2050 provides an efficient interface 
between the PDP-11 Unibus and CAMAC 
Dataway via the two CAMAC highways. 
It is available as a parallel highway driver, 
a serial highway driver, or a combination 
of the two. Operating modes utilize 
the CAMAC Dataway's use of Q re
sponses for block transfers and the ability 
of Unibus devices to access memory di
rectly via nonprocessor requests (NPR). 
Various serial highway conditioning 
(U-port) options are also available. 

®registered trademark of Digital Equipment 
Corporation 

resides in one PDP-11 system unit (BB11) 
controls up to seven parallej and/or 62 serial highway crates 
operates in bit or byte serial mode up to 5 MHz 
includes eight operating modes 

one programmed transfer - five DMA/block transfers - two special parallel 
highway functions 

complete serial system error analysis and recovery procedure derived by 
methods outlined in the ESONE/SD/02 recommendations 
twelve registers occupying 16 word addresses on the Unibus formatted for 
easy use 
four independently enabled interrupt vectors 
full 18-bit Unibus memory addressing 

A WEALTH OF APPLICATIONS 

distributed process control and data acquisition systems with the CAMAC 
serial highway 
local high-speed process control and data acquisition systems on the parallel 
highway 
distributed intelligence systems where the serial highway for host-to-remote 
or remote-to-host block transfer is under control of the host computer 
high-speed systems requiring minimum software overhead 

Please c o n t a c t us f o r addit ional i n f o r m a t i o n 

Kinetic Systems International S.A. 
D e p t . C C 1 2 8 * 6 C h e m i n de T a v e r n a y * 1 2 1 8 Geneva, S w i t z e r l a n d * T e l . ( 0 2 2 ) 9 8 4 4 4 5 * Te lex 28 9 6 2 2 

K ine t i cSys tems C o r p o r a t i o n * 11 Maryknoll Drive * Lockport, Illinois 60441 * Tel. 815 838 0005 * TWX 910 638 2831 
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THE SEN RED LINE 
FD 253 
8 c h . 100MHz updating d iscr iminator 
and delay unit; 
computer controlled threshold, w id th 
and I/O delay via a rear m o u n t e d 
SATAN: SEN serial t ransmiss ion 
s y s t e m microprocessor unit. 
BNC input and 2 M E C L ou tpu ts per 
channel 

FD 254 
8 c h . 100MHz updating discr iminator 
c o m m o n threshold 
th resho ld : - 5 m V t o - 1 V 
w i d t h : ^ 5 ns to 45 ns 
fast veto 
3 N I M outpu ts per channel 

FD 255 
16 ch. 100MHz updating discriminator 
c o m m o n threshold for 8 ch. 
th resho ld : - 5 m V t o - 1 V 
w i d t h : ^ 5 ns to 45 ns 
fast veto 
1 double current N I M output per 
channel 

FD 256 
8 c h . 100MHz updating d iscr iminator 
separate threshold 
th resho ld : - 5 m V t o - 1 V 
w i d t h : ^ 5 ns to 45 ns 
fast veto 
3 N I M outputs per channel 

LU 274 
16 ch. logic unit 
O R / A N D gate majori ty 
1, 2, 3, 4 ch. f i red outputs and c o m 
p lementary outputs 
analogue major i ty output 

T U 277 
2 ch. t im ing unit 
w i d t h : 50 ns to 10 s retr iggerable 
end marker ou tpu t 
loca l / remote s tar t /s top 
N I M inpu t /ou tpu ts 

LU 278 
32 ch. logic unit 
O R / A N D gate major i ty 
1, 2, 3, 4 ch. f i red ou tpu ts and c o m 
p lementary outputs 
analogue majori ty ou tput 

D U 290 
delay unit 2,5 ns to 66 ns 
adjustable in steps of 0.5, 1.0, 2.0, 
4 .0 ,8 .0 , 16.0 and 32.0 ns 

HV 6500 
6K - 500 /JLA high vol tage p o w e r 
supply especial ly des igned for mul t i -
w i re and drif t chambers 
- dark current and burst current 

control 
- t r ip-off on error detect ion 
- ^ 20V overshoot even at full load 

France : ORTECSarl;7,ruedesSolets;Tel.(1)687 25 71 - Tlx 202553F, F-94 RUNGIS - G e r m a n y : SEN ELEKTRONIK 
GmbH; Brandstucken 11; Tel. 041 80 20 46-Tlx 216 3705d, D-2000 HAMBURG 53-DIDAS Digital System; Radspielstrasse 8 
Tel. 089 91 67 10 - Tlx 529 167d - D-8000 MUENCHEN 81 - S w i t z e r l a n d : SEN ELECTRONIQUE SA,; CP 39 
Tel. (022) 44 29 40 - Tlx 23359eh - CH-1211 GENEVE 13 - SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 945 51 03 
Tlx 58257ch - CH-8604 VOLKETSWIL - U n i t e d K i n g d o m : SEN ELECTRONICS LTD; London Street; Chertsey^ Tel 
9328.66744 - GB - KT168AP SURREY. - OFFICES THROUGHOUT THE WORLD. 

Headquarters : 
SEN ELECTRONICS S.A.; Avenue Ernest Pictet 3 1 ; Tel. (022) 44 29 40 - Tlx 23359ch - CH-1211 GENEVE 13 ELECTRONIQUE 



^Shugart Associates 

Floppy-Times 
from number 1: 

SA400 
minifloppy™ 
Disk Drive 

SA 800/801 
Floppy Disk Drive 

SA450 
Double-sided, 
Double Density 
minifloppy™ 

SA 850/851 
Double-sided Diskette 
Storage Drive 

SA 3800/8800 
«Streaker» Controller and 
Subsystem 

\ \ mil* -

SA4000 
Fixed Disk Drive 

Bellikonerstrasse 218 
CH-8968 Mutschellen 
Tel. 057 54655, Tx. 54070 

Av. Louis Casa'i 81 
CH-1216 Geneve 
Tel. 022 987877 



c h a m b e r 

e l e c t r o n i c s 

chamber 
systems 

teCroy 
SEND FOR NEW 

SHORT-FORM 
CATALOG 

covering 

LeCroy analog and digital readout 
plus hybrids and monolithics r 
for... 

• Drift chambers 
• Multiwire proportional chambers 
• Liquid argon ionization chambers 
• Scintillation and Cerenkov shower arrays 
• Time projection chambers 

LeCroy has t h e answer : C O M P L E T E S Y S T E M S or 
B U I L D I N G B L O C K S (hybr id a n d m o n o l i t h i c c i rcu i ts ) . 

LBCrOy innovators fn Instrumentation 
• - ^ A R C H S Y S T E M S „ „ M o w YorK 1 0 9 7 7 ; P h o n « ? U ) 4 2 5 - 2 0 0 , 

PREVIEW 
New Drift Chamber 

Readout System 
LeCroy's System 2290, a versatile 
monolithic-based series of drift 
chamber t ime digitizers optimized 
for large systems, is nearing com
pletion. It wi l l offer high resolution, 
high density, and low power 
d i s s i p a t i o n , as w e l l as an 
automatic calibration scheme. Call 
or write your nearest LeCroy sales 
off ice to discuss your require
ments for single-hit, multiple-hit, or 
dual-sense wire chamber applica
t ions. System 2290 wi l l be ready for 
the experiment you are planning 
n o w . 

L C V I y j innovators in m s i m . . . * . — • • n i a ; G a 

• ^ A ^ f T s Y S T E M S * mn ^ 2 Q 0 0 ; O H j J - ^ g S i a S u g h o u t the wor.d 

H a d o p t e r s - 7 0 0 Soutn Ma,n SUeet, Spring V J g . N ^ & ' g U Eng.and. 

Swttzerland! Heidelberg, W. Germany, Pans, 
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Produits pour la technique reacteurs 

N o t r e p r o g r a m m e d e v e n t e 

c o m p r e n d : 

• A p p a r e i l s d e l a b o r a t o i r e 

Creuse ts , c a p s u l e s e t e l e c t r o d e s en 

p l a t i n e , r h o d i u m , i r i d i u m , o r e t a r g e n t 

Fours de l a b o r a t o i r e j u s q u ' a 1 7 7 5 ° C 

A p p a r e i l s de d i f f u s i o n p o u r la 

f a b r i c a t i o n d ' h y d r o g e n e u l t r a p u r 

• T e r r e s r a r e s 

M e t a u x , o x y d e s , se ls , Ce, Dy , Er, Eu , 

G d , Ho , La , L u , N d , Pr, Sc , S m , T m , T b , 

Y, Y b 

• S e m i s e n p l a t i n e , p a l l a d i u m , 

r h o d i u m , i r i d i u m , t a n t a l e , n i o b i u m , 

t u n g s t e n e , m o l y h d e n e 

en f i l , b a g u e t t e , a n n e a u , f e u i l l a r d 

t h e r m o c o u p l e s , t h e r m o c o u p l e s 

c r y o g e n i q u e s a ins i q u e 

t h e r m o c o u p l e s a g a i n e m e t a l l i q u e 

• M 1000 
M a t e r i e l de h a u t e d e n s i t e p o u r la 

p r o t e c t i o n a n t i r a y o n s 

• P r o d u i t s p o u r u s i n e s c h i m i q u e s 

C a t a l y s e u r s su r base d e p l a t i n e , 

p a l l a d i u m e t a r g e n t 

D isques de r u p t u r e , s u p p o r t s et 

s u p p o r t s a v i d e 

• P r o d u i t s c h i m i q u e s 

P r o d u i t s SPECPURE® e t 

P U R A T R O N I C ® de t r e s h a u t e p u r e t e 

p o u r le l a b o r a t o i r e e t I 'analyse 

• B r a s u r e s a I 'a rgent e t s o u d u r e s 

spec ia les p a l l a d i u m , o r , d e c a p a n t s , 

« B razepas te » 

JOHNSON MA TTHEY & 

BRANDENBERGER AG 
Gla t ta l s t rasse 1 8 

8 0 5 2 Z u r i c h 

T e l e p h o n e 0 1 / 5 1 4 4 8 8 

Si vous avez des problemes 
d'encombrement, 

voici deux nouveautes 

ADAPTER G 2 7 0 
pour t r immer 19 m m 
mod. 2 7 0 / 2 7 5 
Reglage vertical 
et horizontal 
Hauteur totale: 8.9 m m 
Puissance: 3 /4 Wat t 

L 1 TJ 
1,6:1 

Potentiometre 
t r immer s q u a r e 
Mod. 183 a 
25 tours 

' Puissance: 
0.5 Wat t A 

C o n t e l e c S A 2 5 0 3 B ienne 
r o u t e d e Por t 38 

Tel. 0 3 2 / 2 5 3 2 2 5 Te lex: 3 4 3 9 7 
Serv i ce r a p i d e p a r O m n i Ray S A Z u r i c h 

in format ion Dewald Electronic 

Power your circuits 
with klaasing-reuvers modular 
encapsulated power supplies 

Ser ies 5 0 0 / 6 0 0 / 7 0 0 are c o m p l e t e l y c o m p a t i b l e 

w i t h i n d u s t r y s t a n d a r d s p e c i f i c a t i o n s b u t o f fe r 

y o u 4 0 0 0 V D C I/O i s o l a t i o n r a t i n g . 

Ser ies 4 0 0 a d d i t i o n a l l y o f fe rs y o u t h e a d v a n t a g e s 

o f c u r r e n t f o l d b a c k o u t p u t p r o t e c t i o n . 

Ser ies 8 0 0 are m a d e in s w i t c h i n g t e c h n i q u e t o 

save space a n d e n e r g y . 

A s k f o r y o u r c o p y o f t h e n e w c a t a l o g u e a n d pr ice 
l ist. 

Dewald AG Seestrasse 561 Tel. 01 4513 00 
8038 Zurich Telex 52012 
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Time goes on. . . 

. . . Our latest pump has in the 
meantime turned out to be our 
most successful product. 

PFEIFFER TURBO 100. 
The smallest turbo molecular 
pump in terms of price and size. 

More than 2,000 pumps are 
operating in institutes, labo
ratories, schools and produc
tion plants of all kinds. This is 
quite a respectable number 
for a pump designed to ge
nerate high and ultrahigh 
vacuum. And for a new pump 
this is a smash hit which was 
scored in less than two years. 

PFEIFFER have the greatest 
experience in manufacturing 

and applying turbo molecular 
pumps. The findings of more 
than 20 years have been 
realized in the PFEIFFER 
TURBO 100: 

• The smallest lightweight 
turbo molecular pump 

• Low vibration and noise 
level 

• Easy to operate 
• Insensitive against air 

inrushes 
• Low-priced 
• Low operating costs 
• Dependable and 

unproblematic 
• Requiring little maintenance 
• Oil change possible 

without disassembly of the 
pump 

Volume flow rate for 
N 2 110 l/sec 
He 120 l/sec 
H 2 110 l/sec 
Ultimate pressure 10 1 1 mbar 

Connection flanges 
N.D.lOOmm 
(Optionally available as ISO 
clamping flanges, or CF 
flanges for metal gaskets) 

Speed 43,000 rpm 

Speeding time 
Weight 

2 min 
6 kg 

The PFEIFFER TURBO line 
offers pumps having a 
volume flow rate from 110 to 
6,500 l/sec 

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

ARTHUR PFEIFFER VAKUUMTECHNIK WETZLAR GMBH 
Postfachl280 
D-6334 Asslar, BR-Deutschland 

Sales companies in: Great Britain, U.S.A. 
and other 24 countries. 

PM800030PE DN7175 

r, Please send us detailed information on the 
• PFEIFFER TURBO 100, and the 
P PFEIFFER TURBO line 

Name, First Name 

Company/Institution 

Street 

Postal number/Place 
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For high-field magnets in excess of 10T 

VACRYFLUXNS 
monol i th ic superconductors and 
ful ly t ransposed flat cables wi th 
10,000 - 70,000 Nb 3 Sn f i laments 
(3 jum d iameter ) successful ly tes ted 
in laboratory magnets 

Q O 
t 

n 

0 

M I C R O P I E R R E s.a. 
R. de Trepillot, 25000 Besancon - Tel. (81) 8030 69 

Usinage a facon avec meule diamant: 
Alumine frittee - Toutes ceramiques 

Corindon - Quartz - Silice - Ferrite - Zircone 
Carbure de tungstene - de silicium - de bore 

Rectification 
Plane 
Centerless 
Cylindrique 
inter, et exter. 
Percage 
Filetage 
Rodage 
Polissage 
QUALITE 

PRECISION 

Depuis plusieurs 

dizaines d'annees, 

la societe 

MICROPIERRE 

est specialised 

dans I'usinage 

au diamant 

de materiaux 

tres durs: 

saphir - rubis, 

destines a 

la bijouterie 

et a I'horlogerie. 

L'apparition de 

nouveaux materiaux 

a usage industriel 

justiciables des 

memes techniques 

d'usinage 

a conduit 

naturellement 

MICROPIERRE 

a etendre 

ses activites 

dans ce domaine. 
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FPS E x p a n d s the-Scientific Universe 
of PDP-11 Applications • 

, 200 x INCREASE 
IN T H R O U G H P U f ^ 

SIMULATION 

'STATISTICAL ANALYSIS 

1 ^ * 
L O A D - F L O W ANALYSIS* 

REPROCESSING 

FPS MAKES GREAT COMPUTERS BETTER 

The FPS AP-120B Array Processor 
A great contribution to technology, the 
DEC PDP-11*, but it can't give you the 
computational power required for many 

s c i e n t i f i c applications. That's why FPS 
fl»eloped the AP-120B Array Processor, 
"The AP-120B Array P r o c e s s o r g i v e s 
economical minicomputer systems the 
extraordinary computational power of 
large scientific computers. For example , 
an AP-120B h a s been used in a PDP-11 34 
system to reconstruct and analyze com
plex digital images . Without the AP-
120B, the task would take more than two 
hours. With the AP-120B, it takes less 
than thirty s e c o n d s — that ' s a 240X 
improvement! 
A PDP-11 70 and AP-120B would offer 

even greater data handling capabil i t ies . 
The FPS architecture is no secret. Inter
nally synchronous operation and seven 
paral lel data paths provide unequalled 
cost/performance, reliability, and pro-
grammabil i ty. Programmable 1.0 units 
also enable exceptional features, such 
as direct control of disc storage and real 
time data flow. 
Controlled ,by simple subroutine cal ls 
from a FORTRAN program in the PDP-11, 
or other host' computer, FPS Array Pro
cessors can be programmed by selecting 
routines from the extensive FPS Math 
L i b r a r y , by w r i t i n g n e w r o u t i n e s 
in the relatively simple AP Assembly 
L a n g u a g e , or through use of the AP 
FORTRAN Compiler. 

Hundreds of FPS Array Processors are in 
use today by people who wan* to retain 
the hands-on control and afford ability of 
a minicomputer system, but require the 
exceptional throughput of a large main
frame for their application, 
•Find out how this new power in comput
ing (typically under S50K complete.; can 
b e n e f i t your a p p l i c a t i o n . For more 
information and an FPS Array Processor 
b r o c h u r e , u s e the r e a d e r r e s p o n s e 
number or coupon below. For immediate 
consu l ta t ion , contact F loat ing Point 
Systems directly. 

The Age o f Array Process ing Is H e r e . , . a n d FPS Is The Array Processor Company. 
CALL TOLL FREE 800-547-9677 
P.O. Box 2.3439, Por t land , OR 97223 
TLX: 360470 FLOATPOINT PTL 
In Europe & UK: F loa t ing Point S y s t e m s , SA Ltd.. 
7 R u e du M a r c h e , 1204 G e n e v e , S w i t z e r l a n d 
022-230453, TLX: 23370 F P S E CH 

Floating Point Systems, Inc. 
FPS Sales and Service Worldwide: Boston, Chicago, Dallas, Server, LeanF, 
Hoaston, H^nstviile, Las Angeles, Nev/ York, Orlando, 0 " ' , w ; , P.'.Fadeiphla, 
Portland, San Francisco, Y/aslair.gton, S.C. l.'.*e.'.'.av.o.'.a. oFices: Geneva, 
London, Manion, Paris, Tel Aviv lEasac-clx, Ltd.), To.<yo (Haka'o Co. Ltd.) 

N a m e ! 

Cornpar 

Ad dress 

1 



Barbae 
• Hochreine Gase 

• Gasgemische, 
Eich- und Priifgase 

• Tiefkalte Fliissiggase 

• Druckreduzierventile 

• Zentrale 
Gasversorgungsanlagen 

• Tieftemperaturmaterial 

• gaz de haute purete 

m melanges de gaz, 
gaz etalons 

• fluides cryogeniques 

• manodetendeurs 

• installations centrales 
de distribution de gaz 

• materiels cryogeniques 

asversorgung in der Forschung 
tribution de gaz dans un laboratoire de recherche 

A. 


