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CERN, the European Organization for 
Nuclear Research, was established in 
1954 to provide for collaboration 
among European States in nuclear re­
search of a pure scientific and funda 
mental characier, and in research 
essentially related thereto'. It acts as a 
European centre and co-ordinator of 
research, theoretical and experimental, 
in the field of sub-nuclear physics. This 
branch of science is concerned with the 
fundamental questions of the basic laws 
governing the structure of matter. CERN 
is one of the world's leading Labora­
tories in this field. 

The experimental programme is based 
on the use of two proton accelerators — 
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(ISR), for experiments with colliding 
proton beams, are under construction. 
Scientists from many European Univer­
sities, as well as from CERN itself, take 
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mated that some 1200 physicists draw 
their research material from CERN. 

The Laboratory is situated at Meyrin 
near Geneva in Switzerland. The site 
covers approximately 80 hectares 
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land. The staff totals about 2850 people 
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Fellows and Visiting Scientists. 

Twelve European countries parti­
cipate in the work of CERN, contributing 
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244.1 million Swiss francs in 1970, in 
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Supplementary programmes cover the 
construction of the ISR and studies for 
a proposed 300 GeV proton synchrotron. 
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43 rd Session 
of CERN Council 

The Council met at CERN on 18, 19 June 
under the Presidency of Professor E. Amaldi. 
In the photograph, left to right, are : 
J. B. Adams (Director designate of the 
300 GeV project), B. Gregory (Director General 
of CERN), E. Amaldi, G. H. Hampton (Director 
of Administration). 

300 GeV Project 
The main topic of interest at the Counci l 
meet ing was, of course, the 300 GeV 
project where the f irst react ions were 
heard f rom the twelve Member States of 
CERN to the al ternat ive proposals to con­
struct the accelerator a longside the exist­
ing Laboratory. The background to these 
proposals has been expla ined in the last 
two issues of CERN COURIER (page 107 
and page 146). We restr ict ourselves here 
to descr ib ing the proposals as they were 
presented to the Counc i l . Fol lowing dis­
cussions in the European Commit tee for 
Future Accelerators (ECFA), the Sc ien­
t i f ic Pol icy Commit tee and wi th in CERN 
itself, there have been a number of 
modi f icat ions to the init ial presentat ion 
of two months ago. 

The proposals are to bui ld a 300 GeV 
proton synchrotron adjacent to the exist­
ing CERN Laboratory. Using a separated 
funct ion magnet latt ice for the main ring 
(which enables high energies to be 
reached wi th a smal ler d iameter r ing than 
using a combined funct ion latt ice) and 
having one main e jected beam-l ine (rather 
than several emerging tangent ial ly) the 
machine can be accommodated on a site 
on the opposi te s ide of the Geneva-St. 
Genis road wi thout int ruding on bui l t -up 
areas. 

The 28 GeV proton synchrot ron would 
be used as a ready made in jector and, 
to get physics at h igher energies going 
as quick ly as possible, a beam-l ine wou ld 
be buil t f rom the main ring to the West 
Exper imental Hall wh ich has been bui l t 
a longside the Intersect ing Storage Rings. 
(The West Hall wi l l soon be equipped 
wi th advanced exper imental equipment — 
the 3.7 m European hydrogen bubble 
chamber and the magnet—spark cham­
ber assembly, 'Omega'.) Whi ls t the main 
e jected beam-l ine and new exper imental 
area (North Exper imental Area) were 
being const ructed, h igher energy physics 
would be under way in the West Hal l . 

To leave the way open for the use of 
pulsed superconduct ing magnets wh ich 
could take ul t imate peak energies much 
higher, the missing magnet design would 
be used and, at the start, convent ional 
magnets would be ordered to f i l l up only 

half the ring (corresponding to an energy 
of 150 GeV). After three or four years, 
when the potential of superconduct ing 
magnets is better known, the dec is ion 
could be taken whether to go straight to 
300 GeV, by order ing the remaining con­
vent ional magnets to f i l l up the r ing, or to 
leave room for the later in t roduct ion of 
superconduct ing magnets to give 400 GeV, 
or higher, peak energy. 

A possibi l i ty for a subsequent stage 
then opens up ; the init ial ly instal led con­
vent ional magnets could be replaced by 
further superconduct ing magnets and the 
peak energy taken to 800 GeV or above. 
(This future possibi l i ty is not inc luded in 
the pro ject which Member States are now 
being asked to support.) 

To use the 28 GeV synchrotron as injec­
tor imposes a def ini te ratio between the 
d iameters of the two machines. Protons 
would be accelerated to 10 GeV in twenty 
bunches wi th the exist ing machine and 
these bunches would then be in jected so 
as to d ist r ibute them evenly around the 
c i rcumference of the 300 GeV r ing. The 
discrete bunches would then be a l lowed 
to smear into a r ibbon beam (debunching) 

before the radio- f requency accelerat ing 
system came on to re-form them into 
bunches for accelerat ion to the peak 
energy. For this process to be done wi th 
max imum eff ic iency, given the f ixed d ia­
meter of the 28 GeV machine, the 300 GeV 
machine must have a d iameter of 1.8 or 
2.2 km. (Less eff ic ient possibi l i t ies are 
1.98 and 2.09 km). The init ial proposal 
was for 1.8 km, but s ince costs do not 
depend drafhat ical ly on diameter, the 
300 GeV accelerator could be d is t r ibuted 
more l iberal ly around a bigger c i r cum­
ference. This wou ld then give the poss ib i ­
lity of a st i l l h igher peak energy when 
pack ing this c i rcumference with super­
conduct ing magnets at a later stage. The 
decis ion here depends on the site survey 
reveal ing the extent of the molasse rock, 
and on the solut ion of problems wh ich 
might arise f rom intrusion on inhabi ted 
areas wi th a d iameter larger than 1.8 km. 

Construct ion of the accelerator is p lann­
ed to cause as litt le d is turbance as 
possible to the environment. The main ring 
would be tunnel led in the molasse rock 
some thir ty or more metres below ground 
(mainly dependent on the f indings of the 
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A schematic diagram showing the proposed 
interlacing of the existing CERN installations 
with the 300 GeV accelerator. Beam-lines 
built underground would transport 10 GeV 
beams from the existing proton synchrotron 
to the 300 GeV (the PS serving as injector) 
and high energy beams from the 300 GeV 
to the West Experimental Hall (enabling 
higher energy physics to begin earlier using 
detectors which are already under 
construction). 

site survey) and radiat ion levels on the 
sur face would be wel l below to lerance. 
Farming of the land, etc. could qui te 
feasibly cont inue exact ly as at present. 
Six smal l bui ld ings would be needed over 
the six machine straight sect ions but in 
an area of this size would be lost in the 
landscape. 

Only where the ejected beam-l ine is 
tapped to br ing beams to the sur face and 
the North Experimental Area is con ­
s t ructed, together wi th of f ices and labo­
ratories, wou ld land need to be spec i f i ­
cal ly reserved. This requires parts of a 
str ip of land about V2 km wide and 4 km 
long. 

The main ring and the beam-l ines con ­
nect ing wi th the 28 GeV accelerator and 
wi th the West Hall cross the Franco-Swiss 
border. This introduces specia l prob lems 
but such problems have been solved 
before in the exist ing Laboratory wh ich 
also crosses the border. At present there 
is no site offer (in the sense of the pre­
vious site offers f rom Member States for 
const ruct ion of a new Laboratory) f rom 
France and Switzer land and the condi t ions 

on wh ich the site could be made avai lable 
have not been negot iated. The same is 
t rue for the essential services of e lectr ic i ty 
and cool ing water and for the general 
condi t ions l ike housing and educat ion 
affect ing staff coming to jo in the project . 
It is hoped that these problems can be 
resolved before the end of this year. 

The aim is to start the 300 GeV project 
at the beginning of 1971 and we now 
come to the vital f igures on cost and 
t imescale. The cost est imate for the total 
300 GeV project spread over eight years 
is 1112 MSF. It d iv ides as fo l lows : 

— the machine itself 584 MSF 
— Laboratory and services 182 MSF 
— preparat ion for research 216 MSF 
— machine operat ion dur ing 

the construct ion per iod 130 MSF 

Total 1112 MSF 

The costs are est imated on the basis of 
convent ional magnets since no reasonably 
precise f igures can^ be put forward for 
superconduct ing magnets at this stage. 
Note that the total for the whole project of 
1112 MSF includes 130 MSF spent to oper­

ate the accelerator for physics in the 
West Hall whi le const ruct ion of the North 
Area is being comple ted . (It is proposed 
to cover the cost of the research dur ing 
this per iod wi th in the budgets foreseen 
for the exist ing Laboratory.) 

The t imescales are then — eight years 
for the design and construct ion of the 
total pro ject ; s ix years for the complet ion 
of a convent ional nng to give 300 GeV. 
This means that, if the project starts at 
the beginning of 1971, physics at h igher 
energies could begin f rom the end of 1976. 
(This is as early a start as was ant ic ipated 
in the ECFA report of 1967.) If the dec i ­
sion is made to halt at the 150 GeV point, 
(to br ing in superconduct ing magnets) 
physics could be started wi th 150 GeV 
beams at the end of 1975. 

The staff est imates envisage a bui ld 
up to a total of 980 staff associated wi th 
the 300 GeV pro ject by the end of 1978. 
The staff wou ld in that year be d iv ided 
into Machine Group (400), Research Group 
(220) and Services Group (360). 

The proposal to construct the new 
accelerator a longside the exist ing Labo-
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A map of the region around the existing 
CERN Laboratory showing a possible position 
of the 300 GeV accelerator and its major 
ejected beam line feeding the North Expe­
rimental Area. The proposed accelerator, 
built deep underground, would intrude very 
little on the present use of the region. 

ratory requires a reappraisal of the pro­
gramme which was foreseen for the exist­
ing Laboratory under the assumpt ion that 
the 300 GeV Laboratory would be built 
e lsewhere. The use of the 28 GeV proton 
synchrotron as in jector and the West Hall 
as init ial experimental area fur ther inte­
grates the programmes and budgets 
wh ich had previously been discussed 
separately. The exist ing Laboratory had 
been seen as carry ing the ful l research 
burden for another eight years. If higher 
energy physics becomes possible f rom 
the end of 1975 or 1976 less wi l l be re­
quired of the other faci l i t ies (there wi l l , in 
any case, be an automat ic transfer of 
interest to higher energy exper iments). 

With this new si tuat ion in mind, an 
attempt has been made to organize the 
budgets in such a way that the 'new 
money' required for the construct ion of 
the 300 GeV accelerator (that is the 
money over and above that wh ich Member 
States would ant ic ipate paying for the 
exist ing Laboratory) is at a level wh ich 
enables the project to be realized quick ly 
and wh ich could attract all Member States 
to part ic ipate. 

The CERN Scient i f ic Pol icy Commit tee 
recommended that the 'new money' should 
be set at 900 MSF spread over eight years. 
Given the total 300 GeV project cost of 
1112 MSF, this means that 212 MSF over 
the same period would have to be found 
f rom wi th in the budgets foreseen for the 
exist ing Laboratory. Over the past year a 
'plateau budget ' for the exist ing Labo­
ratory of 340 MSF has been accepted as 
reasonable by the Member States. This 
would be reduced to 310 MSF to f ind the 
money (212 MSF) dur ing the construct ion 
years of the 300 GeV accelerator . 

Budgets (in mi l l ion Swiss francs) for 
the eight years would then look as fo l lows: 

The precise detai l of how 30 MSF per 
year could be saved within the programme 
foreseen for the exist ing Laboratory has 
not been f inal ized but it seems possible 
to make these savings wi thout eating 
signi f icant ly into the growth of physics 
research which has been planned with 
the improved proton synchrotron and the 
intersect ing storage rings. Savings would 
come about via the transfer of staff 
(mainly accelerator and services people) 
though most of the 300 GeV staff would 
be newly recrui ted. Other savings could 
be made by delaying the start of high 
intensity programmes at the 28 GeV 
synchrotron and by reducing the exp lo i ­
tat ion of the West Hall. 

To appreciate the at t ract ion of the 
f igures above, we can recall the equiva­
lent f igures used in the discussions three 
years ago. Then the cost of the project 
wi th its separate Laboratory was 1902 MSF 
(now 900 MSF 'new money') wi th a staff 
r ising to a total of 2970 by the end of 
construct ion (now 980) and requir ing a 

design and construct ion t imescale of ten 
years before beginning physics at 300 GeV 
(now six years). 

If the new proposals are accepted, 
Europe wi l l have at the Laboratory near 
Geneva a most remarkable complex of 
faci l i t ies for high energy physics research 
— nuclear physics to energies of 600 MeV 
with the synchro-cyc lot ron, physics in the 
tens of GeV range wi th the improved 
28 GeV proton synchrotron, co l l id ing beam 
physics wi th the intersecting storage 
rings, physics in the hundreds of GeV range 
wi th the new project. Such a complex 
would give the f lexibi l i ty wi th in one Labo­
ratory to swing over a vast range of re­
search fo l lowing the swings of interest in 
the physics itself. It would guarantee that 
Europe would retain its present f ront- l ine 
posit ion in high energy physics research 
for decades to come. 

The f irst react ions f rom the Member 
States can be summarized as fol lows... 
Al l regard the alternative proposals wi th 
posit ive interest. Those countr ies wh ich 
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9 J sy 
Existing 300 GeV Existing 'New ta  

Lab. Project + 300 GeV Money' 

1971 330 40 370 30 
1972 320 110 430 90 
1973 310 160 470 130 
1974 310 160 470 130 f l -
1975 310 160 470 130 , e i 

1976 310 160 470 130 y e 

1977 310 160 470 130 W l 

1978 310 160 470 130 ( n  

ris 
Total 2510 1110 3620 900 c c 



had not dec lared their intent ion to par t i ­
c ipate in the 300 GeV project , as previous­
ly drawn up, indicated that the new pro­
posals reopen the possibi l i ty of thei r 
par t ic ipat ion. This opportuni ty to reunite 
all twelve Member States in the pro ject is 
recognized by all countr ies as one of the 
great advantages of the new proposals. 

The UK delegat ion stated that the re­
fusal to jo in the project under the previous 
condi t ions no longer stands for the alter­
native proposals. The Science Research 
Counc i l , wh ich is responsible for UK 
expendi ture in high energy physics, is 
unanimously behind the proposals and 
wi l l advise the government accord ing ly . 
Part ic ipat ion would mean divert ing a pro­
port ion of foreseen budgets f rom the 
nat ional effort in high energy physics to 
the 300 GeV and, to reduce the impact 
on the nat ional Laborator ies, the UK wou ld 
prefer to see the 'new money' set lower 
or the const ruct ion t ime extended by a 
year. Also, the UK considers that thought 
should be given to having the who le 
complex of the exist ing CERN Labora­
tory plus the 300 GeV under one Director 
General at least after the const ruct ion 
per iod. (This posit ion wi th regards to cost 
and Laboratory management was also put 
fo rward by Sweden.) T h e UK dec larat ion 
f in ished by assert ing that we now have a 
sp lend id case. 

The delegat ion of the Federal Republ ic 
of Germany, whi le expressing doubts 
about the desirabi l i ty of concent ra t ing 
research in one place in Europe, sup­
ported the proposals and insisted that a 
fast start and fast construct ion are im­
portant. It is necessary therefore to re­
solve qu ick ly the quest ions concern ing 
the si te and related condi t ions and to 
assure that these are as favourable as 
those of fered by Member States proposing 
sites for a complete ly new Laboratory. 
They preferred the 900 MSF f igure for the 
'new money' to avoid restr ict ing exp lo i ­
tat ion of the exist ing research fac i l i t ies 
too much. Undue emphasis on economy 
etc... should not be al lowed to pre jud ice 
having, overal l , a f irst class programme. 

The French delegat ion recorded the 
interest of the government and the sup­
port of the scient ists. There is some d is­
appointment that the ult imate peak energy 
on a more restr icted site wou ld be less 

than that possible on other sites but th is 
is seen as more than compensated by 
the advantage of start ing research at 
h igher energies much faster wi th the 
al ternat ive proposals. They are concerned 
also that the faci l i t ies bui l t up in the 
exist ing Laboratory should be as ful ly ex­
ploi ted as possible and prefer the 900 MSF 
'new money' f igure. The condi t ions wi th 
regard to the site remain to be worked 
out and the government is unable to give 
any assurances at this stage that the 
condi t ions wou ld be the same as those 
discussed for sites elsewhere. 

The Italian delegat ion said that the 
al ternat ive proposals were being examined 
wi th posit ive interest but that Italy st i l l 
prefers the previous proposals. In par t i ­
cular wi th regard to the site there had 
been long scient i f ic , technical and f inan­
cial preparat ions to arr ive at opt imum 
condi t ions. Simi lar thorough examinat ion 
is needed for the new site to ensure that 
the same guarantees are arr ived at. Any 
di f ferences should be clearly brought out 
so that the f inal judgement can be made 
on the basis of a clear compar ison. What 
is important is to implement a project 
wh ich is the best possible for the future 
of European sc ience as a whole. 

Some points f rom the statements of 
other delegat ions not ment ioned above — 
Aust r ia : favourable to proposals and urges 
a fast decis ion s ince other research pro­
jects are affected by the delays on the 
300 GeV. There should be publ ic i ty for 
the new proposals to establ ish a favour­
able c l imate of opin ion as quick ly as 
possible. Belgium : favourable to propo­
sals and ready to see the site at Meyrin 
to fur ther the interests of European 
sc ience and internat ional co l laborat ion. 
Nether lands : favourable to proposals but 
need to f ind an acceptable compromise 
regarding exploi tat ion of exist ing Labora­
tory. Switzer land : favourable to new pro­
posals. The government and the Canton 
of Geneva are ready to help solve, toge­
ther wi th France and CERN, the site 
problems as qu ick ly as possible. Norway, 
Denmark and Greece all recorded a 
posit ive at t i tude. 

After the d iscussion there was unani­
mous agreement that more detai led 

studies should proceed immediately and 
to this end all de legat ions supported a 
budget of 1 MSF for the remainder of 
this year. The appointment of J.B. Adams 
to lead these studies was conf i rmed. 

The technica l studies wi l l concern 
cont inuat ion of design work on the ma­
chine and such th ings as the layout of 
the West Hall for h igher energy physics, 
so as to be in a better posi t ion to start 
the pro ject at the end of the year. There 
wi l l be a series of bor ings carr ied out on 
the proposed site in order to determine 
the locat ion and qual i ty of the molasse 
rock. 

In readiness for the Counci l Meet ing 
scheduled for 8, 9 October, several im­
portant documents wi l l be prepared — (1) 
a revised 'p rogramme def in i t ion ' sett ing 
out the f ramework in wh ich the 300 GeV 
project wi l l operate and the commitments 
of par t ic ipat ing States ; (2) a site docu ­
ment laying down the condi t ions under 
wh ich the site is made avai lable for the 
project ; (3) a document detai l ing the 
impact on the research programme at the 
exist ing Laboratory. 

The need for an early start is recogni ­
zed and it is hoped that, fo l lowing receipt 
of these documents in October, govern­
ments wi l l be able to arr ive at a decis ion 
on the project by December. 

Collaboration with ESO 
The possibi l i ty of co l laborat ion between 
the European Southern Observatory o rgan­
ization and CERN was first brought to the 
attent ion of the Counci l last December. 
At the June meet ing the text of a formal 
Agreement was presented and Counci l 
was unanimously in favour of co l labo­
rat ion. The Director General was author i ­
zed to f inal ize the text together wi th the 
Director General of ESO, Professor A. 
Blaauw. The f inal text wi l l be sent to 
delegat ions for comments before being 
s igned. 

ESO are const ruct ing a large (3.6 m) 
opt ica l te lescope to be instal led at La 
Si l la in Chi le. Under the terms of the 
Agreement a Division of ESO wi l l come 
to CERN where the f inal design, con­
struct ion and test ing of the te lescope wi l l 
be carr ied out. The Division wi l l compr ise 
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about 50 astronomers, engineers and 
technic ians. 

The project involves an expendi ture of 
about 50 MSF and is suppor ted by six 
European countr ies — Belg ium, Denmark, 
Federal Republic of Germany, France, 
Nether lands and Sweden. The Division 
wi l l be able to draw on the exper ience at 
CERN in the engineer ing and adminis­
trat ive aspects of implement ing a large 
project. The costs, inc luding those in the 
services used by the Divis ion, wi l l be 
borne by ESO itself. 
. This co l laborat ion, wh ich is under the 
terms of Art ic le 8 of the CERN Convent ion, 
is we lcomed by the Counci l and by the 
Counci l of ESO. 

Appointments 
The Counci l unanimously appoin ted Pro­
fessor W.K. Jentschke to succeed the 
present Director General of CERN, Pro­
fessor B. Gregory. Professor Jentschke 
wi l l take off ice for four years beginning 
January 1971. His b iography appears at 
the end of this report. 

Other appointments were — J. Stein-
berger to succeed G. Coccon i as Director 
of the Physics I Department ; W. Thi r r ing 
reappointed às Director of the Theoret ica l 
Physics Department ; B. Zumino to suc­
ceed J . Prentki as Leader of the Theore­
t ical Studies Division ; P. Standley re­
appointed as Leader of the Proton 
Synchrotron Div is ion; G. Br iant i reappoin­
ted as Leader of the Synchrot ron Injector 
Division ; G. R. Macleod reappointed as 
Leader of the Data Handl ing Division ; 
C. T ieche reappointed as Leader of the 
Finance Division ; G. Ul lmann reappointed 
as Leader of the Personnel Division. M. 
Cresti has been appointed to succeed 
J . H. Mulvey in October of this year as 
Chairman of the Track Chamber Com­
mittee. 

The President of the Counci l thanked 
Professors Cocconi , Prentki and Mulvey 
for the competence and enthusiasm they 
have brought to their work for CERN 
dur ing their per iods of of f ice. 
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Professor Willibald Karl Jentschke, 
nominated Director General of CERN 
from January 1971, was born in 
Vienna, Austria, on 6 December 1911. 
He obtained a Ph. D. in physics in 
1935 and stayed at the University of 
Vienna until 1946 doing research on 
nuclear reactions, a precision measure­
ment of the neutron mass, and studies 
on the fission of heavy elements. 

From 1946 he spent a ten year 
period to the University of Illinois, 
USA, becoming Professor in 1956. 
During this time, after some initial 
work on infra-red spectroscopy, he 
turned again to nuclear physics 
working at a low-energy cyclotron. 
In addition to many measurements of 
nuclear reactions (checking the validity 
of different nuclear models), he studied 
angular correlations between succes­
sively emitted gamma rays to 
determine the magnetic and electric 
moments of excited nuclei. In 1955, 
he was involved in a reconstruction 
of the cyclotron to transform it into 
a 'spiral-ridge', variable energy 
accelerator. 

Professor Jentschke returned to 
Europe in 1956 as Professor at the 
University of Hamburg, Federal 
Republic of Germany, and undertook 
the construction of a new Laboratory 
to house a 7.5 GeV electron synchro­
tron (DESY: Deutsches Elektronen-
Synchrotron). The official foundation 
of the Laboratory took place in 1959 
with Professor Jentschke as Leader 
of a five-man Directorate. 

An intensive research programme 
with electron and photon beams has 
been under way at DESY since the 
synchrotron came into operation in 
1964. In 1968 the addition of 3 GeV 
electron-positron storage rings was 
authorized and they are now under 
construction. During his period as 
Director, DESY has grown from a small 
University Laboratory to a centre of 
international repute playing a major 
role in European particle physics. 

Professor Jentschke has been 
closely involved with CERN for many 
years. From 1964 to 1967 he was 
delegate of the Federal Republic 
of Germany to the CERN Council and 
a member of the Scientific Policy 
Committee. In 1968 he spent a year 
at CERN as Guest Professor and 
took part in the work of the Directo­
rate. In 1969 he was appointed 
Chairman of the Intersecting Storage 
Rings Committee which has been 
working on the first proposals for 
experiments with the ISR. 

Professor Jentschke will take up 
his post at a time when the burden 
of being Director General of the 
European Organization for Nuclear 
Research is likely to be as heavy as 
it has ever been, with, possibly, 
some completely new problems of 
policy and of organization to be con­
fronted. We wish him very success­
ful and enjoyable years as Director 
General of CERN. 
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DESY Magnet Conference 
The Third International Conference on Magnet 
Technology was held at the DESY Laboratory in 
Hamburg from 19-22 May. This article selects a 
few of the many topics discussed. 

The Magnet Conference, l ike its prede­
cessors at Stanford and Oxford , brought 
together special ists in magnet theory and 
design f rom many dif ferent f ie lds, f rom 
large Laborator ies and f rom industry. 
Acce lera tor Laborator ies predominated 
and it remains true that our Laborator ies 
are the main test bench for much modern 
magnet technology — mount ing research 
and development projects on a s igni f icant 
scale. The feed-back into industry, in 
terms of ref inement of techno logy and of 
acqui r ing expert ise in complete ly new 
technology, opens up appl icat ions in many 
other f ie lds. After al l , only a smal l pro­
port ion of the wor ld 's magnets sit in and 
around synchrot ron rings. 

This feed-back could prove to have qui te 
except ional importance concern ing super­
conduct iv i ty . If the phenomenon can be 
tamed (and the struggle to apply super­
conduct iv i ty in accelerator Laborator ies is 
cont r ibut ing great ly to this), its potent ia l 
impact on such th ings as power gener­
at ion, power t ransmission, etc... is 
enormous. The Conference par t ic ipants 
were not general ly looking so far ahead ; 
they were engrossed in the immediate 
problems. 

But f irst we w i l l , cover the opening 
invited ta lk at the Conference wh ich leads 
into the magnet design for the main r ing 
of the 200-500 GeV accelerator under con ­
st ruct ion at the National Acce lera tor Labo­
ratory, Batavia. The t i t le of the ta lk was 
'Development of Acce lerator Magnets ' and 
the speaker M. S. Liv ingston. There is pro­
bably no-one in the wor ld more c o m ­
petent to cover such a subject for he has 
played a leading part in most of the major 
developments for over th i r ty years. Stan 
Liv ingston wi l l be ret ir ing soon ( though it 
is d i f f icu l t to bel ieve he wi l l ever be far 
f rom accelerators) and it is a par t icu lar 
pleasure to pay tr ibute to the br i l l iant 
cont r ibut ions he has made to our f ie ld 
whi le report ing some of his talk. 

He d iv ided the development of acceler ­
ator magnets into four major stages — 
(1) Sol id-core f ixed-f ie ld magnets as used 
in cyc lot rons (Livingston worked wi th E.O. 
Lawrence in the 1930's on the f irst cyc lo ­
t rons at Berkeley); (2) Pulsed r ing mag­
nets (Liv ingston was a leading f igure in 
the design and construct ion of the f irst 

large proton synchrot ron, the Cosmotron, 
in the early 1950's at Brookhaven); (3) 
Al ternat ing gradient magnets (Liv ingston, 
whi le th ink ing in 1953 about the proposed 
European accelerator eventual ly to be­
come the CERN PS, had the f irst idea on 
al ternat ing gradient machines wh ich led 
to a dramat ic reduct ion in synchrotron 
magnet size and cost) ; (4) Magnets for 
large d iameter accelerators (Livingston is 
Associate Director at the National Acceler ­
ator Laboratory, Batavia, where the f irst 
machine of th is type is under con ­
struct ion). The fo l lowing is a precis of his 
comments on the NAL magnet design. 

The highest energy synchrotrons cur­
rently in operat ion (at Serpukhov, Brook-
haven and CERN) are all 'v intage 1955' 
in their magnet design concepts. C-
shaped magnets for accelerators have 
become steadi ly more eff ic ient in the 
intervening years but there has been no 
change in basic approach. There have, of 
course, been new ideas in this t ime. None 
of these actual ly or ig inated at Batavia but 
Batavia has the good fortune to be the 
f irst Laboratory to put them into pract ice 
on a big machine. The three most impor­
tant are: 

1) The use of a separated-funct ion mag­
net latt ice where magnets responsible for 
bending the beam round the r ing are 
separated f rom those responsible for 
focusing the beam. The advantages are 
that the bending f ie lds can be pushed 
higher than wi th the more compl icated 
pole prof i les of combined- funct ion mag­
nets before magnet saturat ion sets in. The 
magnets are easier to design and the 
engineer ing s impl ic i ty can br ing the costs 
tumbl ing down. The bending magnet f ie ld 
is used more eff ic ient ly and almost the 
ent ire magnet aperture gives 'good f ie ld ' 
for the beam. The focusing quadrupoles 
can be deployed around the ring to give 
the best effect and they can be powered 
separately. This separates the ' tune' of 
the machine f rom the bending magnet 
f ie ld wh ich d ic tates peak energy and the 
tune can be made lower for h igher 
energies if necessary. 

2) The use of a 'booster ' synchrotron to 
feed the main magnet r ing. Higher 
in ject ion energy, besides overcoming 
space charge blow-up of intense beams 
avoids the problem of in ject ion into less 

contro l lab le low magnet ic f ields. Also 
in ject ion of a beam in the GeV energy 
range means in ject ion of a beam of smal l 
cross-sect ion. This br ings down the size 
of the required magnet aperture, in turn 
br inging down the required magnet cross-
sect ion, in turn br ing ing down the ring 
tunnel cross-sect ion — all potential 
sources of cost saving. ( Incidental ly, the 
Batavia tunnel cross-sect ion of 10 ft d ia­
meter has proved to* have ample room but 
to have bui l t too big a tunnel might prove 
to be a useful 'mistake ' s ince it might just 
be possible eventual ly to squeeze a ring 
of superconduct ing magnets on top of the 
magnet ring now being built.) It is a 
remarkable fact that the Batavia machine, 
wi th potent ial for a peak energy of 
500 GeV, has main ring magnets of a 
cross-sect ion smal ler than any proton 
synchrot ron ever bui l t for any energy. 

3) Use of long stra ight sect ions. Magnet 
systems have been developed to 'match ' 
the beam across long straight sect ions, 
so that it does not go adrif t in such 
regions between bending magnets. It 
s impl i f ies the problem of e ject ing the 
accelerated beam f rom the ring s ince 
more room is avai lable for a series of 
e ject ion magnets. Coupled with the use 
of an electrostat ic septum eject ion mag­
net, th is could make feasible very high 
e ject ion ef f ic iencies (Batavia have de­
s igned for 99 .9%) reducing and local iz ing 
(in the e ject ion region) the radioact iv i ty 
prob lem in the magnet r ing. If the mag­
nets are designed to be easily replaced, 
radiat ion damage could cease to be a 
headache even wi th very high intensity 
beams. 

In absorb ing these developments into 
the design the Batavia team, under the 
inf luence and dr iv ing leadership of Pro­
fessor R.R. Wi lson, have searched for 
every possible means to cut costs and 
reduce construct ion t ime-scales. Above all 
th is has meant searching for s impl ic i ty in 
the design. The result is a complete ly new 
accelerator design wi th a s impl ic i ty and 
economy wh ich is unique. Costs are w i th ­
in the predic ted budget, despite inf lat ion, 
and const ruct ion progress is ahead of 
schedule. 

We now turn to some detai l on the main 
ring magnets to i l lustrate the s impl ic i ty 
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Features of the Batavia main ring bending 
magnet design (type B1). 

1. Side view. 

2. Cross-section showing the division of the 
magnet coil into three separate units. 

3. A four-turn outer coil. 

4. An end view of the magnet where the coils 
emerge. 

which has been achieved and ul t imately 
its impact on the magnet costs. We should 
begin by recogniz ing that one of the major 
debates 'in the cor r idors ' at the Confer­
ence concerned just how far to apply 
the 'Wilson phi losophy' when construct ­
ing a major high energy physics fac i l i ty — 
what percentage risk to accept for what 
percentage economy, what percentage 
rel iabi l i ty in operat ion must be assured 
and so on. Here we restr ict ourselves to 
some informat ion f rom Batavia wh ich was 
the one component relevant to this de­
bate wh ich was presented at the Confer­
ence in a paper ent i t led 'NAL Main Ring 
Magnets ' by H. Hinterberger and R. 
Sheldon. 

The main ring wi l l conta in 774 bending 
magnets, each about 6 m long weigh ing 
just over 10 tons, and 180 quadrupoles, 
each about 2.1 m long we igh ing about 5 
tons. In a strong focus ing synchrot ron the 
beam varies in cross-sect ional d imensions 
as it travels around the r ing. Shaping the 
bending magnets to the beam prof i le can 
give s igni f icant economies and the mag­
nets are therefore of two types — B1 
wh ich has an aperture large hor izontal ly 
and smal l vert ical ly (12.5X3.75 cm 2 ) and 
B2 wh ich has an aperture narrower hor i ­
zontal ly and . larger ver t ical ly ( 1 0 X 5 cm 2 ) . 
Features of the B1 type are shown in the 
d iagrams. 

A major innovat ion is to locate part of 
the coi l in the magnet gap. This br ings 
down the magnet cross-sect ion (to 
6 4 X 3 6 cm 2 ) but requires careful a l ign­
ment of the conductors c lose to the aper­
ture (to about 0.01 cm). The f inal design 
has spl i t the magnet coi l into three — an 
upper outer coi l (of four turns for B1 and 
six for B2), a lower outer coi l (of four 
turns for B1 and six for B2) and an inner 
coi l of four turns. The outer coi ls can be 
made to convent ional to lerances and con­
tracts for them have been p laced wi th 
industry. They are unusual in their length 
but fabr icat ion techniques are s tandard. 
They have 'saddle ' ends and are potted 
in vacuum impregnated glass f ibre re­
inforced epoxy resin system. The inner 
coi ls are made to t ight to lerances in a 
factory set up by NAL in Chicago using 
hard drawn copper bars wi th preformed 
saddle ends brazed on. (The jo ints are 
made by butt ing the bars to the saddle 
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ends wi th an unperforated foi l of s i lver 
so lder in between — dur ing the braze the 
foi l cover ing the water channel co l lapses 
completely.) The inner coi ls are potted in 
a g lyc idy l amine resin system wh ich is 
more radiat ion-hard than resin systems 
used in other accelerator magnets. 

The core is buil t up of 1.6 mm th ick 
decarbur ised steel laminat ions, a cross-
sect ion of the magnet having two sym­
metr ic laminat ion pieces top and bot tom. 
The hal f -core laminat ions are s tacked on 
a s l ight ly s loping f ixture, wh ich engages 
the coi l opening to ensure a l ignment, and 
compressed between end-plates. Two 
angles are then placed along the length 
of the stacked half-core and we lded to 
the end plates and to the laminat ions at 
intervals along the length. 

The magnet is assembled by p lac ing a 
hal f -core on a series of posts on a r ig id 
table (the posts bow the core upwards by 
about 5 mm in the centre so that the 
assembled magnet is hor izontal when 
suppor ted at its ends). The coi l aper ture 
is coated with resin and the lower outer 
co i l , the inner coi l , the stainless steel 
vacuum vessel and the upper outer coi l 
are p laced in posit ion consecut ively (resin 
coat ing being added at each stage). Two 
steel rods are placed .in a l ignment grooves 
to ensure al ignment as the upper hal f -core 
is then lowered into place. Smal l steel 
plates are welded to the two hal f -cores at 
intervals along their length to comple te 
the assembly. When removed f rom the 
table and supported at the ends the mag­
net is f lat to wi th in 0.5 mm. Total assembly 
t ime is about three hours. 

The acceptance tests on the coi ls 
inc lude leak, water f low and e lect r ica l 
insulat ion, and sample tests on such 
th ings as the copper- insulat ion bond. 
Tests on the assembled magnets inc lude 
measurements of twist and sag, and water 
f low. The magnets wi l l be powered br ief ly 
but it has not been dec ided whether 
magnet ic f ie ld measurements wi l l be 
carr ied out on all the magnets before they 
are p laced in the r ing. 

The f irst main ring magnets wh ich have 
been tested give suff ic ient ' good ' f ie ld 
region up to a 22.5 kG (approximate ly 
2.5 cm at peak field) to enable a beam 
to be accelerated to 500 GeV (there is 
hardly any loss of good f ie ld region over 

18 kG or 400 GeV). The focusing quadru-
poles however are beginning to wince at 
corresponding ly high f ie ld gradients and 
would not have suff ic ient good f ie ld aper­
ture for 500 GeV beams. To get round 
this, the tune of the beam wil l be al tered 
for highest energy operat ion so that the 
quadrupoles can operate at lower gra­
dients. The f irst bending magnet was 
wheeled into the Main Ring on 15 Apr i l 
and the instal lat ion procedure success­
ful ly tested. When the construct ion and 
assembly reaches its peak, magnets wi l l 
be prepared for the ring at a rate of 25 
per week. 

Before giving the f igures which show 
what a dramat ic reduct ion in magnet costs 
has been achieved we should say a word 
about the NAL contract pol icy. To turn 
out magnets at such a rapid rate it was 
necessary to have more than one manu­
facturer provid ing each major component . 
As contracts have been p laced, p*art of 
the contract has been held back to be 
given to the manufacturer producing high 
qual i ty units at speed and at reasonable 
cost. It is very encouraging f rom a Euro­
pean point of v iew to note that three 
European f i rms (Alsthom - France and 
Lintott-UK for bending magnet coi ls and 
English Electr ic-UK for quadrupole coils) 
have shown themselves capable of pro­
duc ing coi ls of a quali ty, at a speed and 
at a pr ice as good or better than their 
USA counterparts. 

The average pr ice of a bending magnet 
is $ 1 0 365 and the average pr ice of a 
focusing magnet is $ 4 440. Most of the 
contracts are ' f ixed pr ice ' and the f inal 
costs are unl ikely to exceed these f igures 
by very much if at al l . The total cost of 
the manufacture and assembly to the mag­
nets for the main ring is $9.2 mi l l ion. 

A way of pushing magnet costs sti l l 
lower has been suggested by P.J. Reardon 
and R. Sheldon in a NAL internal report 
(TM-246). The proposal involves bui ld ing 
up the magnet yoke f rom single piece 
laminat ions, each laminat ion being a ful l 
cross-sect ion of the yoke (compared wi th 
the two piece laminat ions current ly used). 
Three single layer pancake coi ls (an 

upper, a lower and a ' throat ' coil) wou ld 
be sl id consecut ively into the stacked 
laminat ions. The throat coi l at least wou ld 
need bending up to have saddle-shaped 
ends, tak ing it out of the beam path, but 
it has been shown that bending s ingle 
layer coi ls wi thout damage is feasible. 
Two U-shaped angles would fit around 
the s tacked laminat ions welded along the 
length of the magnet providing a resin 
t ight box. The whoTe assembly would be 
f inal ly impregnated using epoxy resin. 
Considerable savings could be possible 
on magnet core fabr icat ion (stamping and 
stack ing of laminat ions), on coi l pro­
duct ion (man-hours involved) and on mag­
net assembly t ime. 

This method of const ruct ion has not yet 
been t r ied and how much further saving 
could be realized in pract ice remains to 
be seen. It is possible that some magnets 
for the e jected beam-l ine or secondary 
beam-l ines at Batavia wi l l be made in this 
way. It has been dec ided incidental ly, to 
str ing the e jected beam-l ine f rom the roof 
(as, for example, is done wi th the magnets 
in the VEPP 3 storage ring at Novo­
sibirsk) mainly so as to get in c lose to 
the ring wi th the f irst magnets. Judging 
by exper ience, NAL wi l l soon be sound­
ing out the market for cheap str ing. 

The sessions on superconduct iv i ty 
opened wi th an excel lent review paper by 
G. Bronca of Saclay, 'Problems and 
Recent Developments Concerning A.C. 
Superconduct ing Magnets for Synchrotron 
Accelerators ' , summar iz ing the advances 
which have been made in the last few 
years and the problems wh ich remain to 
be solved. But f i rst we wi l l c lear d.c. 
superconduct ing magnets. 

Many papers were given on magnets in 
operat ion, under const ruct ion or being 
p lanned, showing how quick ly d.c. super­
conduct iv i ty is moving out of the stage of 
being adventurous new technology. It is 
now almost an automat ic choice, that can 
be confronted wi thout qualms, whenever 
the need is for high f ields, a compact 
magnet or cheaper large magnet running 
costs. 

The big projects at the moment all use 
n iobium-t i tanium al loy as the super­
conductor . Several papers covered the 
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Cross-section of a proposed magnet design which 
could achieve lower costs by using single 
laminations for the magnet yoke cross-section 
and single layer coils. 

efforts to master n iobium-t in wh ich is 
capable of giv ing much higher f ie lds but 
is d i f f icul t to fabr icate. Magnets capable 
of 150 kG should be possible if product ion 
problems are f inal ly overcome. (It is rele­
vant at this point to insert news f rom the 
Dallas meeting of the Amer ican Physical 
Society at the end of March . The work of 
B. Matthias, T. Gebal le and E. Corenzwit 
(from Bell Telephone Laborator ies) on new 
superconduct ing al loys was repor ted. They 
have produced a n iob ium-alumin ium-ger­
manium alloy wh ich remains supercon­
duc t ing at 4° K in the presence of a f ie ld 
of 410 kG. The mater ial has been tested 
by S. Foner and E. McNif f at the Nat ional 
Magnet ic Laboratory, MIT. However ge­
neral use of this al loy is l ikely to be very 
much further away than n iobium-t in be­
cause of the even greater d i f f icu l t ies of 
fabr icat ion in a sui table form to wind 
magnet coi ls). 

The fo l lowing is a list of some of the 
d.c. superconduct iv i ty pro jects for part ic le 
beam-l ine magnets reported at the Confer­
ence. Los A lamos: 15 cm aper ture quadru-
pole doublet for beam transport at LAMPF; 
one quadrupole comple ted and tested. 
CERN: 10 cm aperture quadrupo le com­
pleted and being tested (see vol . 10, 
page 42). Saclay: 20,30 cm aperture qua­
drupole doublet for beam transport at 
Saturne; nearing comple t ion . Karlsruhe : 
12 cm aperture quadrupo le ; under con­
st ruct ion. Batavia: 3 m 35 kG bending 
magnet and 2 m quadrupo le for beam 
t ranspor t ; f inal stage of des ign, 75 cm 
dipole model buil t . CERN: two 1.4 m 
45 kG bending magnets for beam trans­
port to European bubble chamber ; under 
study. 

Reports were given on two of the 
monster d.c. superconduct ing magnets 
for bubble chambers. The magnet for the 
12 foot chamber at Argonne was f irst 
operated in December 1968 (see vol . 9, 
page 43). There were some teething 
t roubles part icular ly wi th regard to refr i ­
gerat ion but they have been c leared and 
more thorough test ing started at the be­
g inning of this year. The magnet is per­
forming very wel l and pictures have been 
taken in the chamber. Stored energy is 
about 80 MJ„ wi th a peak current in the 
superconductor of 2000 A; using the 
dump resistor has proved to be a s imple 

operat ion. No heat load is evident when 
the magnet is on. Control is better than 
1 part in 10 4 . The superconduct ing magnet 
for the 3.7 m European bubble chamber to 
provide a f ie ld of 35 kG is under con­
st ruct ion at CERN. The wind ing of the coi l 
was descr ibed in vol . 10, page 38. By now 
over a quarter of the magnet has been 
wound. 

Other d.c. superconduct iv i ty projects 
were reported f rom plasma physics Labo­
ratories inc luding an exot ic superconduct ­
ing 'Levi t ron ' being bui l t at Culham (UK). 

Now, we return to the cruc ia l top ic of 
pulsed superconduct ing magnets and their 
use in a synchrotron. There are teams in 
f ive Laborator ies launching an at tack on 
this problem — Rutherford (UK), Saclay 
(France), Karlsruhe (Federal Republ ic of 
Germany), Brookhaven and Berkeley (USA)-
— whi le appropr iate conductors are 
avai lable f rom Imperial Metal Industr ies 
(UK), Thomson Houston (France), Vacuum-
schmelze (Federal Republ ic of Germany), 
A i rco and Supercon (USA). We wi l l begin 
by consider ing the features of super­
conductors operated in a pulsed regime 
which seem to be wel l understood and 
then discuss the features wh ich remain to 
be mastered before they can be used in 
a synchrot ron. 

Pulsed operat ion inevitably produces 
hysterisis losses in a superconduct ing 
coi l . Theory indicates that for a given type 
and size of conductor, wi th in some l imi ­
tat ions, the losses per cycle should be 
independent of the pulse f requency and 
independent of the shape of the pulse 
(dependent only on the maximum f ield). 
Also theory indicates that, in general , the 
losses are di rect ly proport ional to the 
width of the superconductor in the d i ­
rect ion perpendicular to the f ie ld . To feed 
in some f igures — for a f ie ld of 60 kG, 
superconduct ing f i laments of 10 microns 
should keep the losses per cycle down 
to about 0.06 joules per c m 3 of mater ia l . 
Such f i laments need to be suppor ted in 
a matr ix and to reduce power loss, due to 
induced current loops between f i laments, 
the f i laments must be twisted typical ly 
wi th a pi tch of about 1 cm. 

Exper iments have been carr ied out on 
small coi ls built to the above cr i ter ia in 

a number of Laborator ies. Losses have 
been measured using three methods — 
by cont inuous recording of the magnet i ­
zat ion cyc le, by calor imetry (measuring 
the hel ium wh ich boi ls off as a result of 
heat p roduced in the coil) or by a tech ­
nique using the Hall effect (measuring the 
net e lect r ica l energy f lowing into the coi l ) . 
In general , the results agree closely wi th 
the theoret ica l predict ions and these fun­
damenta l features of a.c. behaviour can 
be cons idered as wel l understood. It wi l l 
be interest ing to push to sti l l smal ler f i la­
ment d imensions (down to a few microns) 
but a l ready it can be stated that super­
conductor sui table for pulsed magnets 
can be made. 

This is only half the batt le. A consider­
able number of technologica l problems in 
the use of such superconductor in a prac­
t ical synchrot ron magnet has to be solved 
and several years of work wi th b igger 
coi ls than have been buil t so far are l ikely 
to be needed to sort them out. 

With a separated funct ion latt ice in the 
synchrot ron the requirement would be for 
superconduct ing quadrupoles and super­
conduct ing bending magnets. The bend­
ing magnets present the greater d i f f i ­
cul t ies. They would typical ly need aper­
tures in the range 5 to 10 cm and be 
several metres long. The first d i f f icul ty is 
to produce the required f ie ld conf igurat ion 
accurate to one part in a thousand or 
better (despite thermal changes f rom room 
temperature to l iquid hel ium temperature 
and despi te the e lect romechanica l effects 
of pulsing). 

The f ie ld is d ictated by the d is t r ibut ion 
of current in the coi l and can be ta i lored 
either by sending dif ferent currents 
through di f ferent parts of the coi l or by an 
appropr ia te d ist r ibut ion of conductors 
wh ich carry the same current. Coil shaping 
is receiving a lot of at tent ion at the 
moment and coi ls wi th d ist r ibuted con ­
ductor are being tr ied at Rutherford and 
was one of the topics in a paper by J.H. 
Coupland 'Towards the Design of Super­
conduct ing Magnets for a Proton Syn­
chrot ron ' . Accurate ly d imensioned spacers 
are in t roduced into the windings to d is t r i ­
bute the conductors appropr iately. 

Another inf luence on the f ie ld is, 
obviously, the accuracy wi th wh ich coi ls 
can be wound and posi t ioned around the 
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beam aperture. From the point of v iew of 
reducing the stored energy, the coi ls 
should crowd as close to the aper ture as 
possible. But, to avoid f ie ld errors due to 
misal ignment of conductors , it may be 
necessary to retreat a few cent imetres 
f rom the aperture. 

Iron shie ld ing is needed around the 
coi ls to protect the surroundings f rom the 
high stray f ie ld of the magnet and the 
magnet aperture from any d is turbance due 
to magnet ic materials in the vic ini ty. If the 
shie ld is c i rcular , perfect ly symmetr ic wi th 
respect to the coi ls and of constant per­
meabi l i ty, it should not distort the f ie ld in 
the aperture. Care wi l l have to be taken 
wi th the shield posi t ioning s ince other­
wise mechanical forces wi l l be h igh in 
addi t ion to d isturbing the f ie ld . 

However saturat ion effects in the iron 
cause changes in the f ie ld pattern as a 
funct ion of current in the superconductor . 
Most Laborator ies have sett led for a 
shie ld wel l away from the coi l outs ide the 
cryostat . This relieves the addi t ional coo l ­
ing problem wh ich would be caused by 
losses in the shield wh ich can be of the 
same order as those in the coi ls. Brook-
haven however, are going at th is stage 
for a shield immediately around the coi l 
to gain a bonus in .peak f ie ld f rom the 
i ron concentrat ing the f ie ld in the aper­
ture. 

'End effects ' wi th superconduct ing mag­
nets wi l l be high but present ind icat ions 
are that the consequences should not be 
too ser ious s ince they tend to cancel out 
around the equi l ibr ium orbi t . It should 
also be possible to design coi l ends so 
that the effect ive length of the magnet 
does not vary across the aperture. 

Cool ing of the coi ls, on the other hand, 
is st i l l not out of the wood . Good heat 
conduc t ion to the hel ium wi l l be essent ial 
s ince as l i tt le as 0.1° K rise in tempera­
ture lowers the peak current wh ich can 
be carr ied by superconduct ing n iob ium-
t i tan ium by 5 % . Conductor d imensions 
and coi l conf igurat ions wi l l be const ra ined 
by the necessity of eff ic ient coo l ing . As 
w i th d.c. magnets the use of supercr i t ica l 
he l ium is being cons idered. 

Next comes the problem of 'pot t ing ' the 
co i l in some sui table mater ial l ike epoxy 
resin. This wi l l almost certa in ly be neces­
sary to support the conductors in a r igid 

st ructure, prevent ing the t iny conductor 
movements wh ich occur as a result of the 
e lectro-magnet ic forces produced when 
the magnet is pulsed. If the conductors 
are able to move, the f r ic t ion produced 
wi l l be a source of heat leading to great ly 
increased power losses and even possibly 
destroying the superconduct ing property. 
The integral st ructure of conductor plus 
pott ing material wi l l have to stay integral 
throughout the thermal change f rom room 
temperature to l iquid hel ium temperature. 
An appropr ia te material has not yet been 
found but resins plus addit ives can now 
be obta ined wi th such a variety of cha­
racter ist ics that the solut ion may not be 
far away. 

A number of these remaining problems 
wi l l probably be solved dur ing the next 
round of research on pulsed supercon­
duct ing magnets. Several Laborator ies are 
bui ld ing large d ipoles. Saclay have under 
construct ion a 50 cm long, 10 cm aper­
ture d ipole using 4 micron f i laments to 
give a 60 kG f ie ld , to be completed late 
summer 1971. Brookhaven have under 
construct ion a 75 cm long dipole using 8 
micron f i laments to give a 60 kG f ie ld . 
Rutherford have under construct ion a 
40 cm long 12 cm aperture d ipole using 
8 micron f i laments operat ing at 6000 A 
to give a 50 kG f ie ld, to be completed 
about the end of 1970. 

There is another chal lenging piece of 
technology wh ich is not concerned wi th 
the pulsed magnets themselves but wh ich 
should probably be treated as an integral 
part of the development of superconduct ­
ing synchrotrons. It concerns the pro­
duct ion of power suppl ies to cope wi th 
the enormous stored energy in the super­
conduct ing magnets. A 1000 GeV machine 
might have something close to 2000 MJ 
f lowing back and forth at each pulse (for 
compar ison the CERN PS f igure is under 
100 MJ). Superconduct ing power suppl ies 
seem essent ial . Ideas of P. F. Smith at 
Rutherford for superconduct ing power 
suppl ies are now taking a shape where 
hardware can be assembled to test their 
feasibi l i ty. 

A smal l c loud dr i f ted across the super­
conduct ing hor izon fo l lowing a paper by 
W. H. Hassenzahl of Los Alamos on 'Radi­

at ion Damage in Niobium-Ti tanium Super­
conduct ing Wires ' . Los Alamos wanted to 
test the conductor to be used in the lens 
doublet , ment ioned above, for a LAMPF 
beam-l ine. They subjected samples of the 
wire to i r radiat ion by gammas and neu­
trons (produced using an electron l inear 
accelerator) and by protons f rom a 14MeV 
Van de Graaff. The superconductors in 
and around accelerators wi l l inevitably 
exper ience high radiat ion levels and their 
abi l i ty to wi thstand radiat ion wi thout dete­
r iorat ion of the superconduct ing property 
is c ruc ia l . 

Several exper iments have been carr ied 
out and have shown that, if anything, rad i ­
at ion (below very high levels) tends to 
improve the superconduct ing property. 
Two features of the Los Alamos tests, 
wh ich had not been general in the previ ­
ous exper iments, were the use of con­
ductor such as is commerc ia l ly avai lable 
and the use of proton i r radiat ion. The 
longest proton i r radiat ion was of 1 .5X10 1 7 

protons per c m 2 on the wire. Micro-ohm 
resistances were measured suggest ing 
that the superconduct ing character is t ics 
of the n iobium-t i tan ium were destroyed in 
at least one region of the wire. Extra­
polat ing the results to synchrotron mag­
nets wou ld spel l disaster. 

However, no-one col lapsed in dismay. 
The exper iments are t r icky to perform and 
it is d i f f icul t to be conf ident of the 
measurements in a clear, unequivocal way. 
Nevertheless, these exper iments obviously 
have to be repeated. They wi l l be con ­
t inued at Los A lamos and other Labo­
ratories are p lanning s imi lar tests. If the 
results are not conf i rmed, as everyone 
obviously hopes they wi l l not be, the ex­
per iments wi l l at least have concentrated 
more attent ion onto this problem f rom 
wh ich we should emerge wi th a better 
understanding of the effects of radiat ion 
on superconductors . Every c loud has a 
si lver l in ing. 

And there we end our report. It goes 
almost wi thout saying that the Confer­
ence was organized wi th t radi t ional DESY 
ef f ic iency and hospi ta l i ty and that, in an 
environment l ike Hamburg, the hours of 
the Conference were not the only ones 
when people cou ld cont inue their educt ion. 
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CERN News Intersection region 13 of the ISR. Three of the 
eight regions have now been fitted out, like this 
one, with vacuum chamber X-sections. 

The ultra high vacuum is achieved in these 
regions by titanium sublimation pumps. On test, 
after the chamber had been baked out three 
times at 300° C, a pressure of 2 to 3 X 7 0 - " torr 
was obtained, with at least 90 % of the residual 
gas consisting of hydrogen. It could be improved 
further, if necessary, by adding a liquid nitrogen 
cooling system to the pumps. 

The chamber and pumps for the other regions 
are being installed and the last set should be 
in place by September. 

PS intensity 
Some new peak intensity f igures were 
achieved at the 28 GeV proton synchro­
tron dur ing the f irst week of June : 
2.06 X 10 1 2 protons per pulse on one 
cycle, 2.01 X 10 1 2 ppp average over ten 
cycles, 1.97 X 10 1 2 ppp average over 
eight hours and 1.85 X 10 1 2 ppp average 
over a week. 

These f igures are not very dif ferent 
f rom those reported as the previous re­
co rds in July 1969 (CERN COURIER, vol . 
9, page 227). A c loser look, however, 
shows that the machine is per forming 
some 1 5 % better. This is because — 

a) the method of measurement used in 
1969 gave a more opt imis t ic result 
(by about 7 % ) than the currrent 
t ransformer now emloyed 

b) there are now only four teen r.f. ac­
celerat ing cavit ies in use rather than 
f i f teen (exper ience has shown that 
the maximum intensity of the beam 
drops by about 7 % when the num­
ber of cavit ies is reduced f rom 
fifteen to fourteen). 

The reasons for the improved perfor­
mance of the synchrot ron seem to be — 

1) a high intensity beam f rom the l inac 
wi th a constant energy spread over the 
ent ire durat ion of the pulse 

2) excel lent correct ions made to the 
c losed orbit , where it has been possible 
to reduce osci l la t ions to 2 cm (peak-to-
peak) at in ject ion and to 1 cm (peak-to-
peak) at high energy 

3) better vacuum (an average of 1.7 X 10~6 

torr in the ring instead of 1.9 to 2 X 10~6 

torr previously) fo l lowing the recent instal­
lat ion of new pumps in one sector of 
the vacuum chamber 

4) a s imple e ject ion p rogramme wi th two 
internal targets and one s low eject ion 
(no fast e ject ion e l iminat ing the inter­
ference caused by the fast e ject ion septa). 

It has been a great comfor t to observe 
that the s low e ject ion ef f ic iency has 
stayed at 9 0 % in spi te of the higher 
intensity of the accelerated beam. 

Preparing 
for a third 'g-2' 
Preparat ions for a th i rd exper iment to 
measure the 'g-2' of the muon are wel l 
advanced. The exper iment is designed 
to push sti l l further the accuracy wi th 
wh ich this parameter is known. 

The second exper iment (see vol . 6, 
page 152 ; vol . 8, page 244) improved the 
accuracy by a factor of twenty over its 
predecessor giv ing a value of (116616 
± 31) X 10~8 compared wi th the theo­
ret ical predict ion of (116588 ± 1) X 10~8. 
The new exper iment hopes to improve 
the accuracy of the exper imental value by 
a factor of ten. 

The interest in this pursuit of fur ther 
dec imal places has been descr ibed in 
some detai l in the art ic les ment ioned 
above. Briefly, it is, on the one hand, a 
search for a di f ference between the muon 
and the electron (two seemingly ident ical 
part ic les whose d i f fe rence, in mass cou ld 
be due to a force felt by the muon but 
not by the electron) and, on the other 
hand, a test of the val idi ty of quantum 

e lec t rodynamics down to extremely smal l 
d is tances. In calculat ing the theoret ica l 
value, there are refined components due 
to the cont r ibut ion of the strong inter­
act ion and the weak interact ion. The 
result wi l l ref lect back on these ca lcu la­
t ions also. 

The exper iment wi l l use new apparatus, 
mainly a 14 m diameter muon storage 
ring consis t ing of forty bending magnets 
and an electrostat ic quadrupole. Studies 
of the ring units and of the inf lect ion and 
detect ion system are reaching the stage 
where contracts can be p laced. It is 
p lanned to install the r ing in the West 
Exper imental Hal l . 

The pr inc ip le of the exper iment is 
s imi lar to that of its predecessor but 
wi th considerable improvements in appa­
ratus to achieve the greater accuracy. 
The main di f ferences are as fo l lows : 
1) Unl ike the previous storage r ing, the 
magnet ic f ie ld in the ring wi l l be constant 
(with no gradient radial ly across the 
gap). It is thus possible to e l iminate 
the effect of radial var iat ions in the muon 
orbi ts ; it has been shown possible to 

CERN/PI 219.1.70 
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Overhead view of an electrostatic quadrupole 
magnet to be used in the new g-2 experiment. 
Only the two side electrodes and the bottom 
electrode are visible. The top electrode, 
which is attached to the cover, has been 
removed. 

Half scale model of a set of two magnets for 
the muon storage ring of the new g-2 
experiment. The model is equipped with a 
device for measuring the magnetic field. 

(CERN/PI 222.3.70) 

provide a uniform f ie ld to wi th in a few 
1CT5 by dint of extremely careful cor rec­
t ions on the magnet poles, an opt ica l 
a l ignment system (using a rotat ing laser 
beam), a highly developed power supply 
stabi l izat ion system, a set of automat ica l ly 
adjusted compensat ing wind ings and heat 
regulat ion. 

2) Vert ical focusing wi l l be achieved by 
use of an electrostat ic quadrupole . Nor­
mally, the magnet ic moment of the muon 
is sensit ive to the electr ic f ie ld but there 
is a 'magic ' energy (3.1 GeV) at wh ich 
the magnet ic moment is no longer sensi ­
t ive to the electr ic f ie ld. This energy has 
therefore been selected for the s tored 
muons. In obtain ing high gradient e lect r ic 
f ie lds in the presence of s t rong magnet ic 
f ie lds and of part ic le beams, however, 
other problems arise. Prel iminary studies 
have shown that the problems a l though 
di f f icul t , are not insoluble. 

3) In the previous g-2 exper iment, the 
protons fast e jected from the PS were 
d i rected on to a target inside the muon 
storage r ing. A considerable energy 
spread was given to the pions (which 

produced the muons on decaying) in the 
proton-target col l is ions which gave some 
unwanted side effects. 

In the new exper iment, the pions wi l l 
be generated in a target outside the r ing, 
and only those wi th accurately moni tored 
momentum wi l l be in jected by means of a 
pulsed inf lector. The pions wi l l orbi t the 
ring once and those which do not decay 
into muons wi l l be lost on str ik ing the 
inf lector. 
4) A higher intensity muon beam wi l l be 
stored. This is possible part ly due to the 
increased PS intensity. Several hundreds, 
instead of a few tens, of muons should 
be stored and this wi l l improve the stat is­
t ical accuracy of the results. 
5) Operat ing at higher energy (3.1 GeV 
rather than 1.3 GeV) wi l l make it possible 
to observe the muons for about two and 
a half t imes as long. This is due to the 
relat ivist ic effect of t ime di lat ion. As ob­
served in the laboratory the muon lives 
longer, before decaying into an e lect ron, 
because it is t ravel l ing closer to the 'speed 
of l ight. This again wi l l contr ibute to the 
stat ist ical accuracy of the result. 

The exper iment is an unusually complex 
one. A year's running, is ant ic ipated to 
get to know the apparatus and to f ind the 
systematic errors. The actual data tak ing 
wi l l also involve about a year and the 
exper iment should f inish in 1974. Final 
analysis of the results may then take 
until 1975. This is a long haul for a few 
decimal places but they are very important 
decimal places. 

HPD Minimum Guidance 
Work has been under way for many years 
to automate the scanning and measure­
ment of f i lm f rom bubble chambers and 
spark chambers. The purpose is to reduce 
to a min imum (or, ideally, to el iminate 
al together) human intervention between 
the stage of recording part ic le t racks on 
f i lm and the stage of extract ing the re­
qui red informat ion on the interest ing 
events. 

The HPD (Hough Powell Device) is one 
of the most successful automat ic measur­
ing machines. As was ment ioned in CERN 
COURIER vol . 10, page 46, the HPD 'Full 
Guidance ' System has been handed over 
to the Track Chambers Division to be 

used in product ion measurement of bubble 
chamber f i lm. Full Guidance requires that, 
before f i lm is passed to the HPD for 
measurement, there is manual pre-digi t iz ing 
of the vertex of each interact ion of inter­
est and a further two pre-digi t iz ings on 
each relevant t rack. The HPD system can 
then f ind its way to the informat ion 
required. 

The next step towards ful l automat ion 
was to develop a Min imum Guidance 
System. Work began in 1966, in co l labora­
t ion wi th the Rutherford Laboratory, and 
the system is now in product ion. It requires 
manual pre-dig i t iz ing of the vertex of 
each interact ion, and the end point of 
each very short t rack. 

Exper ience to date has shown that the 
rate of f i lm preparat ion for measurement 
is roughly doub led, as compared wi th 
Full Guidance, wi thout deter iorat ion in the 
measur ing rate at the HPD, in the prec i ­
sion of measurements on t racks, or in 
the qual i ty of the ionizat ion (bubble densi ­
ty) in format ion. The pr ice paid is, of 
course, somewhat greater use of the 
central computers (which need more 
cleverness buil t into the computer pro­
grams to be able to extract the required 
informat ion given less guidance), and it 
has been an important design cr i ter ion 
to keep this wi th in acceptab le l imits. 

The central part of the system is an 
off- l ine program, MGFILT, which f i l ters 
out interest ing t racks f rom the eighty 
thousand or so HPD digi t iz ings of a typical 
f rame-view f rom the 2 m hydrogen bubble 
chamber, knowing only the posi t ion of 
the vertex to about 100 |im in the f i lm 
plane. The MGFILT program, whi le wr i t ten 
in Fortran has a basic code routine to 
get access to the dig i t iz ings in any 'area' 
of the picture. An area is def ined, in the 
general case, as being enclosed by two 
straight paral lel s ides and parabol ic top 
and bot tom edges, and as contain ing not 
more than 750 dig i t iz ings. 

The init ial areas chosen are the wedge-
shaped ones point ing to the vertex (see 
diagram). With in each of these areas, 
straight p ieces of t racks, or 'e lements' , 
point ing to the vertex are sought by a 
specia l ized h is togramming technique. 
When any such t rack element is found, 
it is ' fo l lowed ' both towards the vertex 
and away f rom it. 
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A schematic diagram illustrating the procedure 
in the HPD Minimum Guidance detection and 
track following. 

Track fo l lowing means ext rapolat ing the 
t rack over a few mm in the f i lm plane, 
p ick ing up the dig i t iz ings in an e longated 
area cover ing the ext rapolated track, f ind­
ing the appropr iate e lement in this new 
area to l ink to the track, and so on. Each 
t rack element is retained s imply as one 
'average point ' , equivalent to a coord inate 
pair f rom a manual measur ing device, 
together wi th bubble densi ty in format ion. 
The elongated area used in t rack fo l lowing 
is analogous to the hardware slit of other 
measur ing devices such as the Spiral 

.Reader. It is w ide enough to a l low s imul ­
taneous detect ion of ad jacent t racks 
wh ich are l ikely to cause confus ion. 

With in an area, two dist inct local pattern 
recogni t ion techniques are used to f ind 
t rack elements, namely (1) s t r ing ing or 
associat ing together c lusters of d ig i t iz ings 
such as occur mainly on b lack t racks 
(or f i lm scratches) (2) h is togramming of 
distances of d ig i t iz ings to a l ine having 
the same angle as the expected track, 
usually repeated over several angles. 
There is an elaborate logic for compos ing 
t rack elements f rom the results of these 

two techniques, as there is also for the 
l inking of elements to t racks. 

Leaving aside here some other comp l i ­
cat ions such as that caused by the HPD 
or thogonal scan, the sets of average points 
from t rack images on all three views are 
then sent to another program cal led 
MGTHRESH, for matching and reconstruc­
t ion in three dimensions. Track-match ing 
for Min imum Guidance has to take into 
account the fact that, in addi t ion to the 
t racks of the interact ion, an unwanted 
t rack or t rack image may be p icked up 
because it satisf ies the cr i ter ion of pass­
ing near the vertex, and also that a t rack 
image may occasional ly not be found on 
one view. These problems are not unique 
to Min imum Guidance, and the faci l i t ies 
developed in MGTHRESH are also used 
for the Spiral Reader. 

The Min imum Guidance System is in 
use at the Zeeman Laboratory (Amster­
dam), and at Brookhaven, and is under 
act ive study at DESY, a t t the Rutherford 
Laboratory, and at Saclay. At CERN, it 
is envisaged that it wi l l be used more 
and more ; in addi t ion, work is cont inu ing 

in an at tempt to dispense with pre-digit iz-
ings al together, init ial ly on a small angle 
scat ter ing exper iment. 

PERT at CERN 
Project p lanning becomes more neces 
sary, as the number of operat ions evolv­
ing one f rom the other increases and ai 
t ime l imits^are reduced. Methods of plann­
ing have progressed a great deal since 
the t ime-honoured Gantt graph. The neec 
to deal w i th extensive problems of logis­
t ics was the start ing point for a develop­
ment wh ich , wi th the paral lel improve­
ments in computers, reached the poin 
about 1960 when methods (often knowr 
under the gener ic name of PERT — 
Project Evaluation and Review Technique 
— or the 'cr i t ical path ' method) were 
devised for deal ing wi th large industr ia 
pro jects. 

PERT is used for both the evaluatior 
of t ime-schedules and, part icular ly, foi 
the revision of programmes. If, for ex 
ample, a pro ject must be completed by c 
certain date, and it appears in the course 
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Planning a project by PERT begins with a 
'network' (figure 1) in which each operation 
is shown in the form of an arc which runs in 
the direction of time. The arcs connect up 
series of 'nodes' which represent the various 
stages of advancement. Each operation is 
assessed to determine its completion time 
and the 'critical path' (i.e. the longest chain) 
is then found, since this dictates the time 
required to complete the programme. These 
operations are 'critical' because the lengthening 
of any one of them will delay in the programme. 
Once the starting date has been fixed, 
the dates at which the various events should 
occur are determined and the programme 
completion date assessed. If, however, 
it is the completion date which is fixed, 
the calculations are made by working 
backwards, and the latest commencement 
date obtained. If these two dates are fixed 
and the completion time between them is 
exceeded, this leads either to a conclusion 
of impossibility (if the available resources 
cannot be increased) or to a revision of 
the programme ; the merit of PERT is that it 
provides great flexibility in this respect. The 
dates can be met either by re-arranging the 
available resources among the various 
operations or by providing additional resources. 
An example of PERT applied to plant installation 
(MBLE graphs) is shown. 

of the programme that some part is behind 
t ime, it is possible by careful ly s tudying 
all the operat ions, ' to save t ime on 
some of them — possibly by employ ing 
extra- labour, by using a sub-contractor , or 
even by omit t ing an operat ion if it is not 
absolutely essential . PERT can show 
where the pressure needs to be app l ied . 

PERT is based on a par t icu lar type of 
graph wh ich forces the planner to spel l 
out aspects of his programme in detai l 
by i l lustrat ing each of the operat ions, the 
t ime each requires and, above a l l , the 
way in wh ich the operat ions are inter­
related. In the case of s imple programmes, 
consis t ing of a hundred or so operat ions, 
these graphs can be dealt w i th manual ly. 
As the complex i ty of the p rogramme 
increases, however, the computer comes 
into its own. It can extend the method to 
pro jects involving thousands of operat ions. 

When the PS improvement p rogramme 
and the ISR construct ion pro ject were 
about to be tack led, CERN cons idered 
apply ing PERT. In 1966, J . Pol lock, an 
Amer ican PERT expert work ing at the t ime 
at Argonne and now engaged in p lanning 

at Batavia, adapted his exist ing computer 
programs for CERN. Since then, PERT has 
been used for most large CERN projects 
(Booster, European bubble chamber, ISR, 
exper imental areas and large bui ldings) 
for both the civi l engineer ing work and the 
instal lat ion of equipment. One example of 
a typical appl icat ion of this 'CERN PERT' 
was the instal lat ion in December 1969, of 
the fast e ject ion 16 (see CERN COURIER 
vol . 10, page 148). This was a programme 
involving about 150 operat ions to be car­
ried out dur ing the short per iod of the 
PS shutdown and worked very wel l . 

Since 1966 CERN has t ra ined its own 
PERT special is ts who, in 1968 and 1969, 
rewrote the programs wi th the aim of 
produc ing a s impler program adaptable 
to a w ide variety of cases. It is, to-day, 
the only one in use at CERN, and can 
encompass a maximum of 2000 operat ions. 

PERT is an ' ind iv idual ' too l . Whi le 
there are competent PERT special ists in 
several Divisions who can provide advice, 
it is only except ional ly that they can do 
the preparatory work for others. However, 
the method is qu ick ly learned (within a 

few days) but its eff ic ient appl icat ion 
does require some exper ience and a 
great deal of judgement . It is often 
di f f icul t to assess t imescales, especial ly 
when other people 's work is concerned, 
to ensure that they are kept, etc. But 
such problems are common to all large 
pro jects. 

A ye l low report (70-15) on PERT and a 
'PERT Manual ' are avai lable for those 
interested f rom the CERN Scient i f ic 
Informat ion Service. 
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Around the Laboratories A view of the ADONE storage ring hall where 
experiments are now set up and taking data at 
intersection regions of the electron and positron 
beams. 

(Photo Frascati) 

FRASCATI 
Operation of ADONE 
Operat ion for exper iments of the 1.5 GeV 
electron-posi t ron storage r ing, ADONE, at 
the Frascati Laboratory began at the end 
of November 1969. We report here some 
informat ion on the operat ion of the stor­
age ring through to the beginn ing of Apr i l 
and on the exper iments current ly tak ing 
data. 

The luminosity var ied between 3 and 
•6X10 3 2 c m - 2 h o u r 1 in the energy range 
800 MeV to 1 GeV. At present only one r.f. 
cavity is in operat ion and this l imits the 
maximum energy to 1.25 GeV. A second 
cavity is ready for instal lat ion as soon as 
higher energy co l l id ing beams are cal led 
for by the exper imenters. 

The t ime taken to store the two beams 
in the ring is typical ly 1 0 % of the t ime 
for wh ich the beams can then be used for 
exper iments (about 20 minutes f i l l ing t ime 
every three to four hours for the in ject ion 
of 20 to 40 mA per beam, depend ing on 
the f inal energy). The halv ing-t ime for the 

luminosity is of the order of three to five 
hours ( lower at higher energy) and the 
pressure rise wi th current, after adequate 
vacuum chamber condi t ion ing, is about 
10" 1 1 tor r /mA at 1 GeV. 

Up to 31 March, the effective t ime for 
two beam operat ion was 661 hours and 
the t ime for one beam operat ion (for back­
ground measurements) was about 120 
hours. Reliabil i ty has been gett ing steadily 
better and the month of March saw 250 
hours of effective two beam t ime and 
100 hours of one beam t ime. This is f rom 
a total of 348 hours of nominal two beam 
t ime (which includes access to the ring 
hall and to the inject ion system). The 
integrated luminosity dur ing the per iod 
considered was about 2 X 1 0 3 5 cm~ 2 per 
exper imental sect ion. 

Four exper iments have been running : 

1. In sect ion 3 a Rome, Frascati co l labo­
ration is studying e lectron-posi t ron an­
nihi lat ion into two gammas, neutral 
pion plus gamma or eta plus gamma ; 

2. In sect ion 5 a Bologna, CERN, Frascati 
co l laborat ion is searching for leptonic 
quarks and heavy leptons ; 

3. In sect ion 9 a Naples, Pavia, Frascati 
co l laborat ion is studying boson pro­
duct ion ; 

4. In sect ion 11 a Genoa, Padua, Rome, 
Frascati col laborat ion is studying pro­
duct ion of muons and pions. 

The four exper iments are col lect ing 
data s imultaneously. A typical reference 
event is Bahba large angle scat ter ing 
whose rate, is around ten events per hour, 
depending on the sol id angle of the de­
tect ion system and on the beam energy. 
Many hundreds of other annihi lat ion events 
(l ike gamma-gamma, muons, pions) have 
been co l lected and events giving more 
than two charged prongs in the spark 
chambers have also been observed. 
Theoret ica l work is in progress to inter­
pret the prel iminary hadronic results. 

A Naples, Frascati col laborat ion to study 
proton-ant iproton product ion began pre­
l iminary tests in the second half of Apr i l . 
An Ist i tuto Super iore di Sanita exper iment 
to study the phi resonance requires a 
luminosi ty at 500 MeV higher than can be 
obtained at present and it has not yet 
been instal led. 
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1. Frame 44 646. A photograph, which has a six 
prong event with a fast forward neutral particle, 
taken in the 30 inch hydrogen bubble chamber 
at Argonne in the course of an experiment being 
carried out by a team from the University of 
Wisconsin. 

2. The companion optical spark chamber 
photograph, No. 44 646, taken downstream of the 
bubble chamber. The neutral particle emerging 
from the chamber has interacted in a steel plate 
giving a fast proton which is recorded in the 
spark chambers. 

(Photos Argonne) 
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ARGONNE 
Hybrid operation of bubble 
chamber 
About six months ago, modi f icat ions be­
gan on the 30 inch Argonne — MURA 
hydrogen bubble chamber to adapt it for 
use in con junct ion with auxi l iary counters 
and spark chambers. The aim was to 
develop a faci l i ty capable of t r igger ing 
the chamber camera system to photo­
graph only these expansions in wh ich 
events of interest occur in the chamber . 
Physicists f rom the University of Wiscons in 
proposed the faci l i ty and cooperated ac t i ­
vely wi th the Argonne chamber operat ing 
team in br inging it into being. They are 
now carry ing out the f irst exper iment wi th 
the new faci l i ty where the events of 
interest are those producing fast fo rward -
going neutral part ic les. 

The faci l i ty can be used to study two 
general classes of react ions of consider­
able current interest: 
1) jt" + p - > n + (X°) 
2) jt~ + p p + (M") 

M - - ^ K ° L + (rrr) 
In these react ions (X°), (M - ) , and (rrr) are 
not necessari ly resonances but only sym­
bols for col lect ions of charged part ic les 
having the overal l total charge shown. In 
the f i rst case, the react ion occurs in the 
backward d i rect ion (the neutron is pro­
duced wi th a relatively high momentum 
and travels forward at a smal l angle wi th 
respect to the incident beam). In the 
second case, the same appl ies to the 
neutral kaon (though this wou ld general ly 
be cons idered a forward product ion pro­
cess s ince the nucléon wou ld have a rela­
t ively low momentum). The backward pro­

duct ion react ions provide a means for 
studying baryon exchange processes. The 
K ° L react ions provide a means for study­
ing boson resonances that have a K K 
decay mode (such as the A2). 

The faci l i ty consists of three basic c o m ­
ponents: 

1. A beam-tagging wi re chamber po­
si t ioned immediately upstream of the 
bubble chamber ; 

2. The 30 inch bubble chamber wi th a 
new beam exit w indow and wi th the 
downstream plug removed f rom its 
magnet yoke ; 

3. A downstream detect ion system for 
neutral part ic les consist ing of a lead 
gamma ray converter fo l lowed by a 
large scint i l la t ion counter in ant i ­
co inc idence (to el iminate gammas f rom 
the decay of forward-going neutral 
pions), fo l lowed in turn by an array of 
scint i l lat ion counters, steel plates, and 
opt ica l spark chambers. The neutron 
or K ° L interacts in the steel plates and 
the charged react ion products are 
detected wi th the opt ical chambers. 

There is, in addi t ion, a large ant i -co inc i ­
dence counter posi t ioned immediately 
downstream of the bubble chamber mag­
net to prevent t r igger ing on events wi th 
fast, fo rward, charged part ic les. 

The new faci l i ty can be operated in 
ei ther t r iggered or tagged modes. In the 
former, only expansions contain ing events 
wh ich satisfy the electronic t r igger con­
di t ions are photographed. In the latter, all 
expansions are photographed but the 
pictures conta in ing events wh ich satisfy 
the t r igger condi t ions are electronical ly 
tagged for future ident i f icat ion. 

The 30 inch chamber is admirably 

sui ted for this k ind of operat ion in v iew 
of its rapid cyc l ing capabi l i ty . It has been 
successfu l ly operated for physics at f ive 
expansions per pulse of the Zero Gradient 
Synchrot ron (see CERN COURIER vol . 8, 
page 312). However, dur ing the recent 
Wisconsin run it was operated wi th two 
expansions per ZGS pulse since the ac­
celerator was running wi th only a fast 
spi l l at the t ime. # S o m e 80 000 pictures 
were taken in the tagged mode dur ing 
this running per iod. The incident beam 
was of 7 GeV/c negative pions and the 
chamber was f i l led wi th hydrogen (future 
operat ion wi th deuter ium is contemplated) . 
The observed t r igger rate was 1 per 25 
expansions. A fast pulsed magnet was 
actuated to remove the beam f rom the 
chamber each t ime a t r igger was re­
corded. As a consequence, the tagged 
pictures conta in, on average, only half the 
t racks in the beam and a fair ly intense 
beam could be used. 

Prel iminary analysis suggests that a 
th i rd of the t r iggers are true fast forward 
neutral events, the remaining two th i rds 
being background f rom two or three main 
sources. A l though analysis of these pic­
tures is just beg inn ing, it a lready appears 
that the d i rect ion of the fast forward neu­
tral can be determined qui te wel l f rom 
the downstream spark chamber photo­
graphs. 

The next scheduled per iod for oper­
at ion of the 30 inch chamber begins in 
October (this chamber and the 40 inch 
heavy l iquid chamber are run al ternately 
for budgetary reasons). Convent ional runs 
are scheduled for j t + p , pp, K"p, and jt +d 
exper iments. It seems l ikely that valuable 
exper ience could be gained by making 
these runs wi th the neutral t r igger faci l i ty 
operat ing in the tagged mode and some 
thought is current ly being given to this 
possibi l i ty. After this, fur ther running is 
scheduled for the Wisconsin group. 

DUBNA 
Developments of equipment 
Gas jet target 

A gas target (hydrogen) has been designed 
for exper iments on the elastic scat ter ing 
of protons on protons at small angles. The 
target has been instal led for use wi th the 
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1. The first units of the ejected proton beam 
at the Dubna 10 GeV synchro-phasotron. 

2. A photograph showing the actual size 
of the ejected beam at its first focus situated 
16 m from the exit of the synchro-phasotron 
vacum chamber. 

internal beam of the 76 GeV accelerator 
at Serpukhov. 

The jet is shaped by a system of co­
axial nozzles one of wh ich serves as the 
shaping jet and others as co l l imators. The 
density of the jet in the region of inter­
act ion with the beam is 3 to 5 x 10 7 part ic les 
per c m 3 . The hydrogen jet is co l lec ted by 
means of a hel ium condensat ion pump and 
intermediate pumping of the hydrogen 
between the nozzles is also by a hel ium 
condensat ion pump. An e lect romagnet ic 
hydrogen in ject ion valve operates synchro­
nously wi th the accelerator cyc le (one 
pulse every 7 seconds). 

The init ial vacuum in the machine is 4 
to 6 x 1CT6 torr, and when the hydrogen 
is in jected, the vacuum in the target 
region drops to 4 to 6 x 10~4 torr. The 
t ime taken to restore the vacuum depends 
on the hydrogen consumpt ion and rises 
to 500 ms for a hydrogen consumpt ion of 
300 to 350 c m 3 per cyc le. The length of 
t ime for wh ich the target can operate 
wi thout attent ion (about two hours) is 
governed by the vo lume of l iquid hel ium 
in the dewar (50 l i tres). When the dewar 
is replaced, the target heats up and 
subl imat ion of the hydrogen takes place. 
Hel ium is then again poured over the 
target system. 

Precision liquid hydrogen target 

This target has been des igned for an 
exper iment to measure the total scatter­
ing cross-sect ion on hydrogen. 

The main component of the instal lat ion 
is a cy l indr ical target conta in ing l iquid 
hydrogen wh ich is composed of an inner 
vessel and a vacuum casing wi th a mul t i ­
layer insulat ing mater ial between them. 
The work ing vo lume of the target is con­
ta ined in a cy l indr ica l 'dummy-shel l ' , 
wh ich ensures a uni form hydrogen density 
in the work ing volume. Boi l ing of the 
l iquid hydrogen as a result of heat transfer 
f rom the surrounding medium occurs in 
the gap between the dummy-shel l and 
the inner vessel. 

At the ends of the inner vessel and 
the vacuum casing are th in w indows. The 
w indows of the inner vessel are made of 
two f i lms having equal pressure on ei ther 
s ide and therefore remain ing flat. Con­
tain ing the work ing vo lume of l iquid 
hydrogen in the target between these f lat 

paral lel f i lms and wi th in the dummy-
shell ensures an ident ical quant i ty of 
hydrogen along the path of all part ic les 
in the beam which traverse the target. 
The accuracy wi th wh ich the quant i ty of 
hydrogen along the part ic le t ra jectory can 
be determined is between 0.05 and 0.1 % . 

The pressure of the l iquid hydrogen in 
the target is maintained constant (with 
an accuracy of ± 0.5 torr) by means of 
a stabi l izer. The target is f i l led wi th 
hydrogen by gravity f low f rom a vessel 
s i tuated over the target and can operate 
cont inuously for fifty hours. The vessel 
and two targets (one is the target f i l led 
wi th l iquid hydrogen, the other is empty 
and is used for the measurement of back­
ground levels) are instal led on a movable 
st ructure wh ich enables the targets to be 
located in succession in the part ic le beam. 

Study of rare decays 

By means of mult i- layer cy l indr ica l spark 
chambers operat ing in a magnet ic f ie ld, 
a search has been made for the decay 

jt+ - > e + + v e + e + + e -

This decay may occur not only on account 
of e lect romagnet ic interact ions, but also 
if there exist 'exot ic ' interact ions, such as 
the six- fermion or anomalous interact ions 
of four leptons, which have so far not 
been observed. 

Processing the data obta ined f rom about 
6 x 10 9 s topped posit ive pions in the 
target, not a single decay of the above 
type has been found. This sets the relative 
probabi l i ty of such a decay at : 
W (jt+ - > e + + v e + e + + e~) < 3.4 X 10~3 

W (jt+ — \i+ + v|i) 
wi th 90 % certainty. The upper boundary 
of probabi l i ty obtained for the decay im­
proves by several t imes the est imate of 
the b inding parameter of the s ix- fermion 
interact ion, previously made on the basis 
of the results of neutr ino exper iments. 
With the data obtained it was also pos­
sible to make an est imate of the proba­
bi l i ty of the \i+ e + + y decay : 

W ( j i + - > e + + y) < 2.9 x 10~8 

W - > e + + v e + V\i) 

with 90 % certainty. 

Resonance ejection at synchro-phasotron 

At the Dubna 10 GeV synchro-phasotron, 
an e ject ion system is in operat ion using 
the half- integral resonance of the radial 

1 



3. The top trace is an oscillograph of the saw­
tooth pulses of current feeding the magnet 
coils of the beam stretching system on the 
Dubna 680 MeV synchro-cyclotron. The bottom 
trace is an oscillograph of the secondary 
beam with a duty cycle of about 70 %. 

3. 

betatron osci l lat ions to take the c i rcu la t ­
ing proton beam into the e ject ion septum 
magnet. The accelerator 's parameters give 
an increase in osci l la t ion ampl i tude wh ich 
exceeds 10 cm per osci l la t ion and this 
enables more than 80 % of the pr imary 
beam to be def lected by the septum 
magnet, whi le maintaining in the beam an 
energy spread of ± 1 MeV at 10 GeV. 
The area of the beam spot at the f irst 
focus is about 1.5 cm 2 . 

Eject ion is effected in 100 microseconds. 
Work is at present in progress on a system 
capable of increasing the t ime to several 
tenths of a second. 

Beam stretching in synchro-cyclotron 

Successful work has been under way to 
improve the duty cycle of the beams f rom 
the 680 MeV synchro-cyc lo t ron. In normal 
operat ion, secondary beams emerge f rom 
the machine in a burst last ing 0.9 ms, i.e. 
about 1 0 % of the accelerat ion cycle, but 
if account is taken of the micro-s t ructure 
wh ich appears in the beams at the r.f. 
f requency the true duty cyc le is down to 
1 to 2 % . 

A 'beam st re tch ing ' system has been 
used for many years to improve this. It 
involves accelerat ing the pr imary proton 
beam out to a part icular radius where it 
is parked and debunched by swi tch ing 
off the r.f. A special magnet can then 
be powered f rom a pulsed source to br ing 
the beam onto a target, provid ing second­
ary beams wi th a much longer duty cycle. 

The use of the beam stretching system 
with a pulse of s inusoidal current (am­
pl i tude 170 A) appl ied to the magnet and 
a pulse durat ion of 7.5 to 8 ms has 
enabled the duty cycle to be increased 
to 25 to 3 5 % . The durat ion of the second­
ary part ic le beam pulse is 3 to 3.5 ms 
(2 to 2.5 ms at half-height of the intensity 
pulse), and in addi t ion there is no micro-
structure in the beam. The intensity of 
the meson beam is 55 % of the intensity 
dur ing normal operat ion (without beam 
stretching). 

When the magnet coi ls are exci ted wi th 
saw-tooth pulses of current wi th a rise 
t ime of 6 to 6.5 ms and an ampl i tude of 
130 A, the durat ion of the bursts of the 
meson beam is about 70 % of the acceler­

at ion cyc le of the pr imary beam. This 
doubl ing of the beam duty cycle wh ich 
retains the same beam intensity as was 
obta ined with the sinusoidal current makes 
possible a much more eff ic ient use of the 
accelerated part ic les. 

When the ampl i tude of the saw-tooth 
pulses of current was increased to 170 A, 
an increase was observed in the intensity 
of the emerg ing secondary beam from 
5 5 % (with s inusoidal pulses) to 7 0 % . 

BERKELEY 
Three-neutron resonance 
The double charge exchange of negative 
pions of energy 140 MeV has been used 
to observe the interact ions of three 
neutrons by studying the react ion 

jt~ + 3 H e - > jt + + 3n 
A beam of negat ive pions from the 184 

inch cyc lo t ron at Berkeley was d i rected 
on a l iquid hel ium 3 target. The momen­
tum and d i rect ion of the posit ive pion 
produced at an angle of f rom 15 to 40 
degrees were measured wi th a magneto-
str ic t ive-readout wi re chamber spect ro­
meter consist ing of two wi re chambers on 
each side of an analyzing magnet. 

Interact ions amongst the three neu­
trons s igni f icant ly d istor t the momentum 
dis t r ibut ion of the posit ive pion f rom the 
four-body phase space, producing a reso­
nance shaped bump. This effect has been 
interpreted as being due to a resonance 
in the three-neutron system a few MeV 
above threshold and wi th a wid th of 
about 12 MeV. A s imi lar effect has been 
reported by L.E. Wi l l iams, C.J. Battes, 
B.E. Bonner, C. Tschalar, H.C. Benohr, and 
A.S. Clough in Physical Review Letters 23 
(1969), 1181. They invest igated the 
react ion 

p + 3 H e - > 3p + n 
and saw very c lear ly the resonance be­
tween the three protons. 

The results of the Berkeley exper iment 
were reported at the Apr i l meet ing of the 
Amer ican Physical Society. A paper en­
t i t led 'Evidence for a Low Energy Reso­
nance in the Three Neutron System' by 
J . Sper inde, D. Fredr ickson, R. Hinkins, 
V. Perez-Mendez, and B. Smith wh ich de­
scr ibes the exper iment has been sub­
mit ted to Physics Letters B. 
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INSTANT DISCRIMINATORS 

The finest and fastest discriminators commercially avail­
able are now ll\l STOCK for immediate delivery. IMMEDIATE 
DELIVERY. 

Now your counting/logic system can have a Nanologic 
front end with 200 MHz capability and Nanologic versatility, 
performance, stability and reliable quality. 

Three dual 200 MHz discriminators: Models 151 A, 154, 
164 to fit your budget and give you the best price/per­
formance value (or the best performance at any p r i c e -
Model 151 A), and an exemplary four-channel discriminator/ 
buffer, Model 1 7 1 , the nearly perfect interface module. 
All AEC-compatible, naturally, and all Nanologic. Nothing 
has changed but availability. 

In fact, nearly every Nanologic 150 System module is 
now available from stock and we hope to make this a steady-
state condition for the future. You can always have the best 
and you can have it at once. So any time you need any 
module of the pace-setting .Nanologic 150 System, just 
add hot orders and it's yours, 

If you would like details and complete specifications for 
all modules of the System, we have a brand new 32-page 
catalog. In stock. Please write or phone for your copy. 

Nanologic 150: Discriminators, Logic Units, Fan-Ins, In­
verters, Amplifiers, Adders, Linear Gates, Buffers, Delays. 
200 MHz. Plus. CHRONETICS, 500 Nuber Avenue, Ml 
Vernon, #. Y. (914) 6994400. In Europe: 39 Rue Rothschild, 
Geneva, Switzerland (022) Si 81 80. 
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NOW, THE FIRST COMPUTERIZED 
FROM A SINGLE SOORCE 
• IN-HOUSE SOFTWARE AND SERVICE CAPABILITY 
• VERY EFFICIENT 

AND ECONOMICAL CAMAC-COMPUTER LINKAGE 
• A WIDE RANGE OF MODULES 

FOR PHYSICS AND GENERAL INSTRUMENTATION 
CAMAC PROCESSOR, NOVA OR SUPERNOVA 
Two 1-0 and software compatible 16-bit machines. 
Four accumulators, two of which may be used as 
index registers. Basic memory 4 k, expendable to 
32 k. Every 4k block can be replaced by 1k read­
only memory. Automatic interrupt-source-identifica-
tion. Four mode data channel is standard : data in, 
data out, add to memory, increment memory. 
Many peripheral devices available, extensive library 
includes relocatable assembler, Basic interpreter. 
Mean instruction execution time is 4.2 ^s for the 
NOVA. The SUPERNOVA is considerably faster: 
addition can be performed in .3 \is using read-only 
memory. 

CC 2023 CRATE CONTROLLER 
A two station controller providing the best link 
between the Camac bus and the NOVA l-O bus. 
Each crate uses one l-O channel. 
Operating modes : 
— Programmed commands and transfers with com­

mand modification features. 
— Block transfer through the data channel. 
— Autonomous transfers from a series of succes­

sive sub-addresses and stations. 
— Transfers to and from memory under program 

control. 

PC 2006 POWER CRATE 
+ 6V, 25A / — 6 V , 10A / ± 12V, 3A / ± 24V, 3 A 
200 W available output power. Extensive protection 
against overcurrent, overvoltage and overheating. 
Multi-fan cooling. 

For Europe, write to : 
3 1 , avenue Ernest-Pictet - 1211 G E N E V A 13 / Switzer land - Te l . (022) 44 29 40 

E L E C T R O N I Q U E In U.S.A. : ORTEC Incorporated - 100 Midland Road - Oak Ridge, Tennessee 37830 



CAMAC SYSTEMS 
SCALERS 
4 S 2003 
4 S 2004 

2 S 2024 

Four fold 16 bit scaler meets CERN 003 specs. 
Four fold 16 bit scaler, 30 MHz, convenient input gating, L-mask, 
really low cost. 
Dual 24 bit 150 MHz scaler, the fastest Camac scaler available, 
surprisingly low cost. 

IN/OUT REGISTERS 
12 bit switch register with L-request. 
Dual 16 bit output register, provides 32 bits as TTL levels. 
Dual 16 bit input register, samples and stores 32 TTL levels. 
Strobed input register, accepts 12 narrow NIM pulses, 
12 bit NIM output register, the way to control fast NIM elec­
tronics at about $15 per control variable. 

CRT DISPLAY MODULES 
A truly modular and expandable system: DD2012 for random or sequential 
point plots, CD 2018 for ASCII character generation, VG2028 the vector 
generator for the ultimate in graphics convenience. DD2012 and CD 2018 
can be used alone or coupled, DD2012 is prerequisite for VG2028. Provision 
for light pen or joy stick. 

CONVERTERS, TIMER 
2 DA 2011 Dual 10 bit D-to-A converter. 
2 D V M 2013 Dual digital voltmeter, integrating converter, ± 100 mV range. 
RTC 2014 Real time clock, to be used as computer clock, time interval 

meter or preset scaler. 
2 IPE 2019 Dual Incremental Position Encoder, digitizes X-Y motion with 

any type of incremental transducers. 

Ask for data sheets and descriptive literature. 
Other modules are available or in the development stage: A-crate controller, 
Five-fold scaler for magnetostrictive spark chambers, "Busy-Done Module"... 

Leasing facilities available. 

ELECTRONIQUE 



ELECTRON HALL 

0 1 1 0 1 Z 

Stabilised D.C. power supplies 
Research into the nature of matter at the 

United Kingdom's Science Research Counci l 
Nuclear Physics Laboratory at Daresbury calls for 
exceptionally highly stabilised d.c. power supplies 

to control the beam bending and focusing magnets on 
the electron synchrotron particle accelerator. 

Brentford control the 10 M W of power required 
by a bank of 100 stabilised power supply units, 

wh ich control the output current long term wi th in 
i 0 . 0 1 % of the set point over a range of 20 to 1 . 

EBRENTFORD 
Brentford Electric Limited, Manor Royal, Crawley, Sussex. Tel. Crawley (0CY3) 27755. Telex. 87252. 

A Member of the G.H.P. Group 
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How can you 
concentrate to the full on your Vacuum Process 

and 
regard Vacuum Production 

as a side issue 

This is quite s i m p l e . . . install a 
BALZERS high vacuum pumping 
unit, type PST. 
P S T . . . A automatical ly contro l led. 
With the two switches provided set 
the pumping process required (this 
can include heating or cool ing the 
vacuum chamber, also swi tching 
on the pumping unit at a pre­
selected time) and wai t unti l the 
required work ing pressure is 
reached. 
PST . . . E single lever operated. 
The required mode of operat ion is 
selected by actuat ing a single 
lever, which contro ls sequential 
operat ion of the solenoid vacuum 
valves via a mult i -pole type swi tch, 
so that errors of operat ion are 
avoided. 

Jg Other features: 
^ — a wide range of accessories 
§ al lows the simply constructed 

basic model to be adapted to 
© the appl icat ion; 
o — multi coolant baffle for use wi th 

either water or l iquid ni trogen 
a. as requi red; 

— effective safeguards to avoid the 
effects of breakdowns in elec­
tr ical power, water or com­
pressed air; 

— individual components (pumps 
and valves) are all BALZERS 
tradit ional quality, careful ly 
matched to each other to give 
opt imum design, and assembled 
wi th care, guaranteeing a high 
standard of eff iciency, long life 
and low operating costs; 

— all pumping units are tested, 
ready for connect ion, and under 
guarantee. 

Manufacturing and Sales 
programme 

1 ) wi th LISh cool ing, ult imate pres­
sures in the range of 1 0 8 Torr. 
f rom PST 260 E. 

2 ) air cooled 
3 ) for air above the plate valve 

Special pumping units. We also 
design and bui ld special pumping 
units to suit the appl icat ion, and 
wi th pumping speed agreed wi th 
the customer. 

If you wi l l contact us we wil l be 
pleased to give you any further in­
format ion or advice. 

BALZERS AKTI EN G ESELLSCH AFT 
fur Hochvakuumtechnik und Diinne Schichten 
FL-9496 Balzers • Principality of Liechtenstein 

United Kingdom: 
BALZERS HIGH VACUUM LIMITED 
Berkhamsted, Herts., 
Telephone: Berkhamsted 2181 
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1 a r e pumping Ultimate 
s p e e d 3 pressure 1 

Type l/sec. Torr.  

*urltri PST 60 E 6 2 17 < 2 x 1 0 ~ * 
*H t o PST 60 E 17 < 8 x 1 0 - 7 
ea TO P S T 2 6 0 E 90 < 5 x 1 0 - 7 

. PST900 E 315 < 5 x 1 0 - 7 
î With P S T 9 0 0 A 315 < 5 x 1 0 - 7 
rogen PST1900A 700 < 5 x i o - 7 

PST 5000 A 2150 < 5 x 10-7 



the world's leading supplier of sodium iodide scintillation detectors, offers 
complete anti-compton and pairspectrometry systems including: 

A high performance Ge(Li) detector 
A large NalfTlJ shielding 
Associated electronics 

For information please contact: 
Harshaw Chemie N. V., P. 0. Box 19, De Meern, Holland 
Harshaw Chemie GmbH, Wermelskirchen, Viktoriastrasse 5, W-Germany 
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These pushbuttons let you 
perform almost any frequency 

analysis known to man 
They're on the keyboard of our new 5450A 
Fourier Analyser (which requires no digital com­
puter knowledge; yet. with the f l ick of a switch, 
becomes a general-purpose digital 
computer!) , 
Our pushbutton Fourier Analyser 
also lets you program Q power den­
sity spectrum O auto-and-cross cor­
relation • convolution O histogram 
n h a n n î n g and other weighing func­
tions • ensemble averaging • inte­
gration differentiation and all ari th-

metic operations on the accumulated data. 
It may look and sound compl icated, but it's very 
simple to operate (doesn't even require com­

puter programming knowledge), 
it 's appl icat ions? Almost unlimited. 
For all the details, write or call 

European Headquarters: Hewlett-Packard S A 
Rue du Bois-du-Lan 7,1217 Meyrin 2 Geneva, 
TeL {022) 41 54 00 

28 sales and service offices throughout Europe 

HEWLETT PACKARD 
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General specifications 
Composition 
Shell : brass 59 A 
Insulator : tef lon PTFE 
Contact : brass 59 A 

Finish 
S h e l l : n ickel + chrome 
RP + RPL types go ld plated 3 microns 
Contacts : nickel and 3 microns gold plated 
Operat ing temperature range : -55° C +150° C 

Electrical specifications 
Character ist ic impedance : 50 Q ± 2 % 
Frequency range : 0-10 GHz 
Max VSWR 0 ^ 1 0 GHz : 1 :12 
Contact resistance : < 8 m Q 
Insulator res i s tance : > 10 1 2 Q under 500 V. DC 
Test voltage (mated F + RA) : 3 KV. DC 
Operat ing voltage (mated F + RA) : 1 KV. DC 

Normal maximum cable diameter : • 126 
Special arrangement : • 157 

Tél. (021) 71 13 41 Télex 24 683 1110 MORGES ( S w i t z e r l a n d ) 
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for outstanding light transmission 

v 
PLASTIC 
SCINTILLATOR 

now over 3 metres light attenuation length* and 
3 by 2 metres in size 

*Measurements obtained with long blocks (200 x 15 x 15cm.) 
with black light absorber at one end show attenuation 
approximately 0 . 3 % per cm. 

NE 110 has been supplied to: CERN, European Organisation for Nuclear 
Research RUTHERFORD High Energy Laboratories DARESBURY Nuclear Physics Laboratory 

Write for full details of the extensive range of 
scintillator and semiconductor detectors to: 

, N U C L E A R 
4 ENTERPRISES 

LIMITED 
Sighthill, Edinburgh EH11 4EY, Scotland. Tel 031-443 4060 Telex: 72333. Cables: 'Nuclear' Edinburgh. 
Associate Companies: 

Nuclear Enterprises GmbH, 8 Munich 2, Karlstrasse 45, West Germany, Tel 55 30 03 Telex 529938 

Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California 94070. Tel 405 -593 1455 Telex: 348371 

Swiss Agents : High Energy and Nuclear Equipment S.A., 
— 2, chemin de Tavernay, Grand-Saconnex, 1218 Geneva, te l . (022) 98 25 83 - 9 8 25 82 
— Alca lâ 115 (S-res Vega Penichet), Madr id 9, Spain, te l . (2) 25 75 00 - 25 75 06 
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Here it is SCHLUMBERGER outstanding 1240. 

The mul t imeter that 's not just a toy but a real 
step forward in instrument technology. 

Now everyone can go digi ta l ! 

You get Amps, Volts, Ohms — a.c. and d.c. — 
down to 100 microvol ts and dual s lope 
integrat ion for noise re ject ion. 

Technology apart, the 1240 has automat ic polar i ty 
indicat ion and a st ra ight forward contro l layout 
inc luding a s ingle range selector and f ingert ip 
funct ion swi tches. It's the easy-to-handle go-
anywhere portable mult imeter. 

Go digi ta l wi th the new 1240. 

From SCHLUMBERGER European leaders in 
digi tal instrumentat ion. 

Pr ice: Fr. 1780.— Delivery f rom stock Geneva. 

Schlumberger 

Angst+Pfister 

• Synthetic and Natural Rubber 

• Engineering Plastics 

• GACO Sealing Products 

• Power Transmission Elements 

52-54, route du Bois-des-Frères 

1211 LE LIGNON-GENÈVE 

Tel. (022) 4514 00 

ZURICH MILAN PARIS 

1211 Genève 6 

15, Jeu-de- l 'Arc, té l . (022) 35 99 50 

8040 Zurich 
Badenerstr. 333, té l . (051) 52 88 80 

SPECIAL 
NUCLEAR 
SHIELDING 

CHEMTREE CORPORATION 
Central Valley, N.Y. 914-928-2293 
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c o n v e r t w i t h 
L A B E N 

to c o n v e r t b e s t 
the ADC that opened a new era 
in data conversion techniques 
LABEN FC 60/4096 

Patents: Laben 745348 
Cise 699271 

uti l izes the sl id ing scale method to achieve a 
unique combinat ion of high speed conversion 
and excel lent differential l inearity for any type 
of input signal 
12 ( J t s e c f ixed conversion t ime 
0.1 % differential l inearity 
0.04 % integral l inearity 
3 input modes: AC or DC coupled, DC restorer 
used everywhere with any computer or pulse 
height analyzer 
equipped with all sol id state Spectrum Stabi­
lizer Mod. SS60 

the newest 

LABEN SERIES 8000 
WILKINSON TYPE ADC's 

now available 
in a DOUBLE-WIDTH NIM MODULE 
with good differential l inearity at a 

100 MHz CLOCK RATE 

0.7 % differential l inearity 
0 . 0 4 % integral l inearity 
4 input modes: AC or DC coupled, 
DC restorer, sampling 
easily used with any computer or 
pulse height analyzer 

Mod. Mod. Mod. 

8210 8211 8212 
8192 4096 1024 

channels 

If you need several 
and cost is a problem 
Mod. 8213 
256-channel ADC 
is ideal for your multipara­
meter exper iments 
highly versati le 
low-pr iced 

UboratunlleflronicieNuclean 

divisione della " Montecatini Ellison Elettronica S.p.A. 
Milano • v i a Edoardo Bassini.15 - telefono. 2365551 -telex. 33451 



•UCLETMH 

supplies : 

AEC/NIM-Nuclear-Electronic 
H.V.-Power-Supply 

Cal.-Pulse-Generator 

Linear-Ampl i f ier 

• « a s » ^ « 

NU-553A 

A-Channel-Discr iminator 

NU-554A 

NU-713A 

Biased Ampl i f ier 

Rate-Meter 

* £ F J - s 

NU-716A 

AEC/NIM-Frame with Power-Supply 

G E S E L L S C H A F T F O R N U C L E O N I C 
U N D E L E C T R O N I C M B H 

S MUNCHEN 54 • GÂRTNERSTRASSE 60 

TELEFON SA.-NR. (0811) 54 60 8Ï • TELEX 05-24208 

DIGITAL TALKS THE MOST IMPORTANT 

LANGUAGE IN THE COMPUTER BUSINESS: 

C H O I C E . WE OFFER A RANGE OF 

COMPUTERS TO PERFORM A HOST OF 

FUNCTIONS IN SCIENCE, INDUSTRY, 

BUSINESS, AND EDUCATION. FROM OUR 

MINI P D P - 8 RIGHT UP TO OUR 

LARGE P D P - 1 0 . 

PDP-8 
Min i c o m p u t e r fami ly . PDP-8 /L ; B ig power . 
Sma l l s ize. Sma l l p r i ce . PDP-8/ I : Des igned w i th 
t o m o r r o w ' s e x p a n s i o n in m i n d . Over 7,000 
ins ta l led w o r l d w i d e . Ex tens ive sof tware and 
pe r iphe ra l s . 

PDP-11 
Revo lu t ionary sma l l compu te r . Fourth 
gene ra t i on 16-bi t m a c h i n e . Un ique 
a r ch i t ec tu re , powe r fu l o rder c o d e , spec ia l 
in te r rup t s cheme , c o m p a c t , fast. Ideal for 
b u i l d i n g in to a sys tem. Super modu la r i t y w i t h 
new c o n c e p t ca l l ed U N I B U S ® . 

PDP-12 
C o m p l e t e c o m p u t e r sys tem. Ta lks to the user 
t h r o u g h a te lev is ion - l i ke d isp lay . User ta lks 
back w i t h a te le t ype . Bu i l t - in magne t i c tape 
uni ts and ana log to d ig i ta l equ ipmen t . B ig 
so f tware package a n d long l ist of op t i ons . 

COMPUTERPACKS 
In tegra ted sys tems for spec ia l a p p l i c a t i o n s : 
TSS-8 = Mu l t i - l anguage T ime-sha r i ng 
LAB-8 = S igna l A v e r a g i n g 
TYPESET-8 = Typese t t i ng 
QUICKPOINT-8 = N/C tape p repa ra t i on 
C L I N I C A L LAB-12 = Hosp i ta l A u t o m a t i o n 
GRAPHIC-15 = C o m p u t e r G raph i cs 
PHA-8 & 15 = Pulse He igh t Ana lys is 
GLC-8 = G a s - L i q u i d C h r o m a t o g r a p h y 
D IGIDAC-8 = Indus t r i a l .Da ta A c q u i s i t i o n 

PDP-15 
C o m p l e t e m e d i u m sca le f am i l y : 
PDP-15/10 = Bas ic sys tem 
PDP-15/20 = A d v a n c e d mon i to r sys tem 
PDP-15/30 = B a c k g r o u n d / F o r e g r o u n d sys tem 
PDP-15/40 = Faster 15/30 w i t h d isc 
A power fu l so f tware package w i th each 

PDP-10 
Dig i ta l ' s la rge c o m p u t e r . 
Runs t i m e - s h a r i n g , rea l - t ime, and 
ba t ch -p rocess ing s imu l t aneous l y . 
Pe r fo rms ope ra t i ons research in a large 
bank. Schedu les c rew fo r a ma jo r 
a i r l i ne . Con t ro l s an en t i re brass p lant . 
3 leve ls of mon i t o r s 
Re-ent ran t (shareable) p r o g r a m s 
M u l t i - p r o g r a m m i n g ha rdware 
Dual p r o c e s s o r capab i l i t y 
Ha rdware p r io r i t y i n te r rup t sys tem 
And m u c h more 

BDlflOBD 
digital equipment corporation international europe 
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introducing CHOICE, Digital's new computer language 

BDBDDBD 
digital equipment corporation international europe 

European Headquarters: 8 1 , route de l 'Aire, 1227 Carouge/Geneva, Tel. 42 79 50. Benelux: Koninginnegracht 65, The Hague, Tel . 63 59 60. England: Arkwright Road, 
Reading, Berks., Tel . 85131. Bilton House, Uxbridge Road, Ealing, London W.5, Tel. 579 2781. 6 Upper Precinct, Worsley, Manchester, Tel . 790 8411. France: 233, rue 
de Charenton, Paris 1 2e, Tel . 344 7607. Germany: Leonrodstrasse 58, 8000 Munich 19, Tel. 51 6 3054. Bismarckstrasse 7, 5 Cologne, Tel . 52 21 81 . Italy: Corso Garibaldi 
49, 20121 Milan, Tel. 872 394/694/748. Scandinavia: Vretenvagen 2, S-1 7154 Solna/Stockholm, Tel. 98 1 3 90. Switzerland: 8 1 , route de l'Aire, 1 227 Carouge/Geneva, Tel. 
(022) 42 79 50. Australia: New South Wales, Melbourne, West Perth, and Brisbane. Canada: Carleton Place, Ottawa and Port Credit, Ontario. Dorval/Quebec, Edmonton/ 
Alberta. Japan: Tokyo. USA: Maynard, Massachusetts 0 1 754, Tel. (61 7) 897-5111, and 37 offices accross the country. 
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C7 ALN13 

CHÂSSIS ALIMENTATION 
NIM 
• Ce châssis pour tiroirs modulaires est destiné 

à l'alimentation des éléments fonctionnels 
normalisés NIM-TID 20 893. 

• Permet le montage de 12 tiroirs 

• Utilise l'alimentation P 7 ALN 10 délivrant: 
+ & — 2 4 V 3 A 
+ & — 1 2 V 3 A 
+ & — 6 V 6 A 

+ 200 V 0,1 A 
117 V 50 Hz 0,5 A 
Puissance utile 200 watts 

9 Trois ventilateurs pour le refroidissement des tiroirs 

G Brochage du connecteur: 42 contacts. 

CARACTÉRISTIQUES PROVISOIRES 

SERVICES COMMERCIAUX 

51 , RUE DE L 'AMIRAL-MOUCHEZ 

75-PARIS X I I I e 

Tél . 588 45 39 - 58816 39 

ëtm SAPHYMO-SRAT 
DÉPARTEMENT ALIMENTATIONS 

206 

Tension de sort ie ± 24 V ± 12 V ± 6 V I + 200 V 

Plage de sort ie ± 5 % . ± 5 % + 5 % à — 1 8 % ± 1 0 % 

Régulat ion pour 100 % de var iat ion de charge et les 

var iat ions du réseau ( + 10 % à — 12 % ) ± 5.10" 4 ± 5.10~4 ± 10~3 ± 5.10" 2 

Coeff ic ient de température de 0 °C à + 6 0 °C 2.10" 4/°C  

Dérive à long terme à charge constante après 24 h 

et sur 6 mois ± 3.10" 3  

Ondulat ion résidueUe et bruit crête à crête < 2 mV | < 2 m V | < 3 m V | 5 mV 

Réponse transitoire (overshoot et undershoot inférieurs 

à 1 0 % ) < 2 0 {is  

Impédance de sort ie dynamique jusqu 'à 100 kHz 0,3 Q 0,3 Q 0,15 Q  

Sécur i té individuel le par l imitat ion du courant réglé à 3,3 A 3,3 A 6,6 A fusible 

Plage de température 0 °C à + 5 0 °C sans derat ing  

de + 5 0 °C à + 6 0 °C avec derat ing de 3 %/ °C  

Protect ion thermique 2 v ig i thermes: > 50 °C Lampe orange 
> 60 °C Lampe rouge et coupure 

de l 'Al imentat ion 

Visual isat ion d'une surcharge un voyant par tension  

Réseau 220 V 50 Hz (possibi l i té 117 V)  

Dimensions 483 X 525 X 6u  

+ 200 V I + 24 V I — 2 4 V | + 12 V — 1 2 V + 6 V — 6 V 117 V alt. I 0 V I Masse spéc. 

8 28 29 16 17 10 11 33 et 41 34 42 



The end of your search fer discriminators 
starts here. 

The T105/N: 
New general purpose 

dual discriminator 
with low threshold. 

Variable threshold: 
10-turn calibrated poten­

tiometer fo r -50mV to 
-500mV threshold set­

tings. One and only one 
output per threshold 

crossing. 

Output width: 
Typically 4 nsec plus 

delay of WIDTH cable; 
3 nsec FWHM i n M I N 
WIDTH position wi th 

cable removed. 

Stability: 
WIDTH cable assures 

invariant output width 
and deadtime. Sophisti­

cated circuitry guaran­
tees threshold stability. 

Inputs: 
50-ohm termination 
with dc or transient 
reflections less than 

5%; fully protected. 

Slewing: 
Less than 1 nsec from 

threshold to 10X 
threshold. 

Rate: 
Greater than 150 MHz 
CW or pulse burst for 
full NIM logic output 

signals. 

Fanout: 
3 Dual Outputs. 

TheT120/N: 
New quad updating 
discriminator, designed 
for low-cost-per-
channel. 

Threshold: 
-100mV, internally 
adjustable from -80 
to -200mV. 

Updating Timer: 
Guarantees pre-selected 
output pulse width after 
most recent threshold 
crossing, independent of 
previous operating 
history. 

Inputs: 
50-ohm termination 
with dc or transient 
reflections less than 
1 0 % ; fully protected. 

Output width; 
Continuously adjustable 
from 5 to 150 nsec. 

Bin gating: 
All sections controlled 
by single rear panel 
toggle switch. 

Slewing: 
Typically 1.0 nsec f rom 
threshold to 10X 
threshold. 

Rate: 
100 MHz CW. Pulse pair 
resolution typically 
8 nsec. 

For detai led data on the T105/N or T120/N - or information on the complete line 
of system-engineered EG&G instruments - contact EG&G, Inc., Nuclear Instru­
mentation Division, 36 Congress Street, Salem, Massachusetts 01970. Phone: 
(617) 745-3200. Cables: EGGINC-Salem. TWX: 710-347-6741. TELEX: 949469. 
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Edwards new E180 
high resolution partial pressure gauge 

with 
1 Partial pressure measurement 
2 Total pressure measurement 
3 Leak detection 
4 System monitoring 
— al l in o n e i n e x p e n s i v e i n s t r u m e n t 

1 8 1 1 I f I I I I I 1 1 1 1 1 1 I I I 1 1 1 I I 1 1 I 1 I I I I I I I I I I I I I I I I 5 I I I I I I I 

> Q ^ases present in an 
Edwards expérimenta/ coating 
unit during evaporation 

Emission: 40 [iA 
Range: 3 x 10~8 torr 
Pressure: 5 x 10~5 torr 

41 4̂  41 41 4P 4|" ~ 4| 41 —4P 41 

Compare these features with those of any other 
similar mass spectrometer partial pressure gauge 

Mass range 1 to 105. Push-but ton 
select ion of masses 1 , 2,3 and 4 . 
Direct reading, linear mass scale. 
Uni t mass separation to mass 70 . 
Partial pressure measurement 
1 0 - 1 0 torr. 
Total pressure measurement 
1 0 " 1 1 torr. 
Fast and s low scanning speeds. 
Suppression faci l i ty for mon i to r ing 
single peaks in detai l . 

t o 

to 

• M i n i m u m detectable leak rate for 
hel ium 1 0 - 1 0 torr l i tre/sec (sys­
tem w i t h 1 l i tre/sec hel ium p u m p ­
ing speed). 

• Magnet and head bakable in s i tu. 

• Automat ica l ly protected, long- l i fe 
rhenium f i laments. 

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

Edwards E d w a r d s I n s t r u m e n t s L i m i t e d A member of the BOC group 

Manor Royal, Crawley, Sussex, England 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley 

P2556 


