


DERN, the European Organizat ion for 
sluclear Research, was establ ished in 
1954 to provide for co l laborat ion 
among European States in nuclear re
search of a pure scient i f ic and funda
mental character, and in research 
essent ial ly related thereto ' . It acts as a 
European centre and co-ord inator of 
research, theoret ical and exper imenta l , 

the f ie ld of sub-nuclear physics. This 
Dranch of sc ience is concerned wi th the 
jndamenta l quest ions of the basic laws 

governing the structure of matter. CERN 
one of the wor ld 's leading Labora-

Dries in this f ie ld . 

The exper imental programme is based 
on the use of two proton accelerators — 
a 600 MeV synchro-cyc lot ron (SC) and a 
28 GeV synchrot ron (PS). At the latter 
machine, large intersect ing storage rings 
(ISR), for exper iments wi th co l l id ing 
proton beams, are under const ruct ion. 
Scient ists f rom many European Univer
sit ies, as wel l as f rom CERN itself, take 
part in the exper iments and it is est i 
mated that some 700 physicists outs ide 
CERN are provided wi th their research 
mater ial in this way. 

The Laboratory is s i tuated at Meyr in 
near Geneva in Switzer land. The site 
covers approximately 80 hectares 
equal ly d iv ided on either s ide of the 
f ront ier between France and Switzer
land. The staff totals about 2600 people 
and, in addi t ion, there are over 400 
Fel lows and Visi t ing Scient ists. 

Thi r teen European countr ies par t i 
c ipate in the work of CERN, cont r ibut ing 
to the cost of the basic programme, 
197,5 mi l l ion Swiss f rancs in 1968, in 
propor t ion to their net nat ional income. 
Supplementary programmes cover the 
const ruct ion of the ISR and studies for 

proposed 300 GeV proton synchrotro 
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i ly CERN COURIER is publ ished monthl; 
in Engl ish and French edi t ions. It is 
d is t r ibuted free to CERN employees and 
others interested in sub-nuclear physics. 

The text of any ar t ic le may be re
pr inted if credi t is given to CERN 
COURIER. Copies of most i l lustrat ions 
are avai lable to edi tors wi thout charge. 
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Comment 
The interest aroused by the art ic le on 

'Educat ion of ch i ldren of CERN sta f f in the 

August issue of CERN COURIER, wh ich 

was a summary of a detai led report 'En

quête sur la scolar isat ion des enfants des 

fonct ionnaires du CERN', has been quite 

except ional . And the interest has not by 

any means been l imited to CERN staff for 

whom the subject is obviously a matter of 

concern. 

Some unif ied approach to educat ion 

throughout Europe is very desirable as the 

integrat ion of act ivi t ies in Europe becomes 

progressively more widespread. Ideally, 

this unif ied approach would preceed such 

integrat ion. It wou ld be of great benefit to 

a Europe act ing more and more as a single 

unit, to have accepted some common ele

ments and common standards in educa

t ion throughout the cont inent. On the per

sonal level, it wou ld also mean that the 

people who are cal led upon to move f rom 

country to country, could do so wi thout 

jeopard iz ing their chi ldren's future. 

The pract ical di f f icul t ies are formidable. 

Despite the enormous changes which have 

been wrought in educat ion internally, in 

many countr ies in recent years, there are 

aspects of respect ive systems which are 

understandably jealously guarded, often 

being based on generat ions of exper ience. 

It wi l l not be easy to open some of the 

doors wh ich it is important to open. Even 

the seemingly stra ight forward need to 

achieve recogni t ion of qual i f icat ions across 

front iers (probably the most important f irst 

step) is proving dif f icult . 

At a t ime when European countr ies are 

being asked for fur ther support for expe

riments in physics, in the shape of a large 

new Laboratory, it may seem prof l igate to 

put forward a case for support for an expe

riment in European educat ion. However the 

national pockets that wou ld be d ipped into 

would often be dif ferent ones to those 

furnishing the money for CERN proper, 

and the support on the educat ion front 

would certainly not d ip deep. 

It is incidental that it should be CERN 

that provides a possible test ing ground for 

an approach to the educat ion problems of 

the future. Whi le tack l ing the problems 

confront ing the CERN community, the 

opportuni ty exists for an effort on a modest 

scale, wh ich , by vir tue of the structure of 

the CERN communi ty , wi l l be relevant 

throughout Europe. 

The report prepared at CERN is an ana

lysis of needs ; it does not attempt to spel l 

out a detai led solut ion. If interest is arou

sed in the Member States, it wi l l be for 

the educat ional is ts to move in to tackle 

the solut ion. Even presuming that interest 

is generated, th ings wi l l not happen tomor

row. 

Nevertheless, if the chal lenge is con

f ronted with anything l ike the courage and 

vision which Europe showed when sett ing 

up CERN, we may see some 'spin o f f due 

to the existence of CERN, which could 

contr ibute to the future of Europe as nota

bly as CERN itself is do ing. 

Printed by: Ed. Cherix et Fi lanosa S.A. 

1260 Nyon, Switzer land 

Contents 
39th Session of CERN Counci l 235 

A report of the discussions on the 300 GeV project and on the CERN budgets 
for the next three years 

Formation of the European Physical Society 238 
The European Physical Society came into formal existence on 26 September 

News from abroad 239 
Superconduct ing accelerator programme at Stanford — the research on SCA 
technology at the University of Stanford 
End of ING — the intense neutron generator pro ject at Chalk River wi l l not 
be buil t 

Vienna Conference 242 
A report of some of the topics covered at the 14th Internat ional Conference on 
High-Energy Physics 

CERN News : 246 
Start up of the PS — the proton synchrotron is in operat ion again after a long 
shut down ; Modi f ied manipulator — developments on the remotely contro l led 
manipulator ; LSD at CERN — descr ip t ion of a Spiral Reader being built at 
CERN; Direct f rom the mains — tests on the possibi l i ty of puls ing the Booster 
magnet wi thout rotating plant. 

Cover photograph : In the ring tunnel of the proton synchrotron during the shut down 
which finished at the end of September. Tests are being carried out on a remotely-
controlled manipulator (see page 247). The lights and closed-circuit television cameras 
that the manipulator carries with it, can be seen as the manipulator works on the ring. 
(CERN/PI 278.9.68) 

234 



39 t h Session of CERN Council 
A report on the Council meeting which took 
place on 2 - 3 October under the chairmanship 
of Dr. G. Funke. 

This special meet ing of the Counci l had 
essential ly two items on its agenda : 1) To 
review the si tuat ion on the proposed 300 
GeV Laboratory and to work out the next 
steps forward for the project ; 2) To agree 
the budgets for the exist ing CERN Labo
ratory for the coming three years. 

300 GeV count down 
The Director General , Professor B. P. Gre
gory, opened the discussion wi th a review 
of the present s i tuat ion on the 300 GeV 
project . Five countr ies — Austr ia, Belg ium, 
Federal Republ ic of Germany, France and 
Italy — have now declared their intent ion 
to par t ic ipate in a new high energy phy
sics Laboratory, and these countr ies con 
t r ibute about 6 0 % of the present CERN 
budget. 

Fol lowing the decis ion of the U.K. not 
to support the new Laboratory at the pre
sent t ime, a possible init ial p rogramme for 
the project has been drawn up wh ich redu
ces the cost by 2 5 % (sl ightly more than 
the contr ibut ion of the U.K. to CERN). Thus 
wi th 6 0 % support already assured, and 
wi th the expectat ion that favourable dec i 
s ions f rom other countr ies wi l l soon be 
fo r thcoming, it can conf ident ly be said that 
the project is going ahead. 

The 'reduced programme' 

After the announcement of the U.K. dec i 
s ion in June, the Counci l asked CERN to 
prepare a possible programme to take ac
count of the reduced par t ic ipat ion. This 
involved revising the pro ject so that the 
foreseen expendi ture (a total of 1776 mi l 
l ion Swiss francs spread over eight years) 
wou ld come down to a level wh ich wou ld 
p lace no extra burden on the countr ies 
who agreed to part ic ipate than they faced 
before the U.K. w i thdrawal . 

At a meeting of the Scient i f ic Pol icy 
Commit tee on 10 July, a series of gu ide
lines were drawn up stressing pr inc ipal ly 
that the reduced programme should retain 
the ul t imate capabi l i t ies of the machine 
both in terms of energy (300 GeV), of 
intensity (10 1 3 protons/second), and of u t i 
l ization (faci l i t ies for extensive explo i tat ion 
by research teams). The SPC also stated 
that the t ime at wh ich physics starts at 
the machine should not be delayed and 

that even the restr icted project should give 
value for money as a research faci l i ty. 

At the same t ime, wi th the strong hope 
that the U.K. government wi l l be able to 
reverse its decis ion before very long, the 
reduced programme has been planned so 
that it cou ld revert to the ful l p rogramme 
without incurr ing much extra expense 
when the U.K. jo ins. 

The reduced programme, prepared fo l low
ing these guidel ines, is a model of what 
can be done and not a f inal proposal . It 
serves as a basis for decis ion by demons
trat ing that it is possible to meet the new 
si tuat ion and to go ahead with the pro ject 
whi le sti l l retaining its ult imate aims. 

The cost est imates for the construct ion 
per iod of the or iginal project were prepa
red under three headings — 

i) The machine itself (931 MSF) 

ii) General Laboratory faci l i t ies and ser
vices (431.5 MSF) 

iii) Preparat ion for research (413.5 MSF). 

On the machine itself only modest 
savings can be made given the require
ment that its ul t imate per formance wi l l be 
able to reach that or ig inal ly p lanned w i th 
out much extra expense. However, by star
t ing wi th a reduced r.f. accelerat ing sys
tem, magnet power supply and in ject ion 
system, a total saving of 61 MSF can be 
made. The pr ice paid in machine perfor
mance wou ld be a lower intensity (down 
by a factor of five) and beginning operat ion 
at a lower energy (200 GeV). If 20 MSF 
could be saved elsewhere, operat ion 
cou ld begin at 300 GeV. Restoring the ful l 
per formance wi l l be straight forward wi th 
more money avai lable. 

Laboratory faci l i t ies and services are 
cut by 160 MSF because of reduced power 
equipment, less site work and bui ld ings, 
and the postponement of the main compu
ter instal lat ion. 

Preparat ions for the exper imental pro
gramme carry the heaviest cut, 215 MSF. 
This takes account of there being 25 % 
less physicists to accommodate at the ma
chine and accepts that the research wi l l 
have to take longer gett ing into top gear 
- bui ld ing up to 7 5 % level over two years 
after the machine begins operat ion. Only 
one eject ion system and exper imental hall 

wi l l be bui l t and the exper imental equip
ment wi l l be less ; in part icular no large 
bubble chamber wi l l be built for the start 
of the research. 

These savings br ing the total cost of the 
pro ject to 1335 MSF (at 1967 prices), 7 5 % 
of the cost of the project or ig inal ly p lan
ned. 

Next steps forward 

• 
A series of decis ions now have to be taken 
to br ing the project to a reality. One of 
the major ones is the select ion of the site 
for the new Laboratory. The process of 
e l iminat ion so far had brought the list of 
possibi l i t ies down to nine but this is effec
t ively reduced to five at the moment — the 
f ive sites of the countr ies who are support 
ing the pro ject : Doberdo (Italy), Dren-
steinfurt (Federal Republ ic of Germany), 
Focant (Belgium), Gôpfr i tz (Austria), Le Luc 
(France). Obviously, other sites would be 
added to the list if some other countr ies 
jo ined. 

The Counci l accepted that no further 
studies on the sites are necessary before 
tak ing the f inal dec is ion. It is hoped that it 
wi l l be possible to have a first indicat ive vote 
at the December Counci l meet ing. Should 
two or three sites then emerge as the pro
minent contenders, detai led discussions 
wi th the countr ies concerned could take 
p lace pr ior to the f inal vote, hopeful ly in 
March 1969. 

Another dec is ion which needs to be 
taken at least as fast as the site decis ion 
is the appointment of the Director General 
of the new Laboratory. A project leader is 
needed to take charge of the f inal design 
of the machine wh ich wi l l be carr ied out 
before beginning construct ion on the site. 
The cho ice is obviously crucia l to the suc
cess of the project , and the Counci l accep
ted that the best possible man (or two-man 
team) wi l l be selected, regardless of nat io
nality. 

A further essential before the new Labo
ratory can come formal ly into being is the 
rat i f icat ion of the revised Convent ion. In 
December last year, the Counci l approved 
amendments to the exist ing CERN Conven
t ion to al low a new Laboratory to be buil t . 
Acceptance of the revised Convent ion in 
no way impl ies commitment to support the 
new Laboratory and the delegates were 
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Dr. Mine (standing), the Director General (centre) 
and the President of the Council in happy mood 
during the Council Session. 

reminded of the need for their government 
to ratify the amendments to the Conven
t ion as soon as possible. The s ignature 
of all th ir teen countr ies is needed to ena
ble the project to go ahead, but it is obvious 
that countr ies who may not part ic ipate wi l l 
not at tempt to hold back the others. 

Prior to the December Counci l session, 
meet ings wi l l take place, involving par t i 
cular ly the five countr ies who are jo in ing 
the project , to arr ive at a f inal text of the 
'Programme def in i t ion ' , the document 
wi th in whose f ramework the new Labora
tory wi l l be built and operated. 

Assuming that these various items can 
be resolved by March of next year, the 
f inal design could start under the new 
pro ject leader by the middle of 1969. Then 
in the second half of 1970, the team could 
move on to the site to begin const ruct ion 
of Europe's new accelerator. 

Professor B. H. Flowers, delegate for the 
U.K., summed up the discussion on the 300 
GeV project . He said that the d iscussion 
had shown the spir i t of European coopera
t ion in sc ience in act ion. Even wi th the 
reduced programme, a new range in the 
study of matter and its interact ions cou ld 
be opened up and Europe wou ld retain in 
the future the posi t ion if has held for so 
many years as second to none in funda
mental sc ience. Professor Flowers of fered 
his congratu lat ions and those of the Sc ien
ce Research Counci l , of wh ich he is Chair
man, that the project is going ahead, and 
said that U.K. Secretary of State for Edu
cat ion and Science, Mr. Edward Short, also 
w ished it to be known that 'he is pleased 
at the posit ive decis ions that have been 
taken ' . 

Budgets 69, 70, 71 
The way in wh ich budgets for coming years 
are agreed at CERN fol lows what is known 
as the 'Bannier procedure ' (it was worked 
out in the Finance Commit tee on the inst i 
gat ion of Mr. J . H. Bannier, delegate for 
the Netherlands). At the December Counci l 
meet ing each year,, the budget for the 
fo l lowing year is voted together wi th a 
' f i rm est imate' for the year after and 
'provis ional ' f igures for the subsequent 
two years. The f i rm est imate would nor
mally only be reconsidered if a major 
change occur red either in the work of 
CERN or in the f inancial c i rcumstances of 
Member States, and the provisional f igures 
could also conf ident ly be used in planning 
long-term projects. The Bannier procedure 
has proved invaluable in enabl ing CERN to 
organize its projects eff iciently. 

At the Counci l meeting of December 1967 
however, currency devaluat ion had produ
ced an abrupt change in f inancial cir
cumstances and it was not possible at that 
t ime to arrive at f igures for the coming 
years. The Bannier procedure could there
fore not be appl ied. In March, the Counci l 
asked for a general review of the long-
term development of budgets as wel l as 
the possibi l i ty of short- term savings. A 
f irst report on the programme review 
has been prepared. 

Not having a f i rm estimate for 1969, 
CERN had not been able to work out a 
detai led budget for the coming year to 
present to the Counci l in December and 
it was therefore important to agree some 
f igures at this meet ing. 

The Director General presented the 
recommendat ions of the CERN administ ra

t ion for the years 69, 70 and 71 . He recal led 
that at the end of 1965, the Member 
States had author ized two major develop
ments in the research faci l i t ies at CERN — 
the construct ion of the intersect ing storage 
rings, and the implementat ion of an impro
vement programme at the 28 GeV proton 
synchrot ron. This involves long term com
mitments st retching through to 1971. 

On the intersect ing storage rings, every
th ing is going as ini t ial ly foreseen and 
the expendi ture on this huge project, wh ich 
is now past its half-way stage, is wi th in 
the pred ic ted f igures. On the improvement 
programme however, there are many parts 
(the heavy l iquid bubble chamber 'Garga-
mel le ' , the large hydrogen chamber, the 
Omega project , improvements at the syn
chro-cyclotron,.. .) and there are some 
changes and addi t ions which could not be 
foreseen when the approval of the Counci l 
was first sought. Two main items are — 

1) The Booster injector, to increase the 
intensity of the CERN 28 GeV accelera
tor. This in jector has been made more 
elaborate, and therefore more expen
sive than pred ic ted, in part icular to 
absorb some possibi l i t ies wh ich emer
ged in 1966 wh ich could contr ibute 
great ly to increasing the per formance 
of the intersect ing storage rings. 

2) The co l laborat ion wi th the Institute of 
High Energy Physics, Serpukhov, wh ich 
was agreed in July 1967. CERN is pro
v id ing special equipment for use on the 
Soviet 70 GeV accelerator and is f inanc
ing CERN teams doing exper iments 
at the machine. This could not be pre
dicted in 1965. 

In spi te of t ightening some areas of 
expendi ture (for example, the staff num
bers, wh ich are now 50 less than forecast 
and wi l l be 150 less than forecast by 1971) 
the commitments now facing CERN wi l l 
take all the proposed budget increases 
over the next few years and wi l l involve 
hold ing the physics programme at its pre
sent level for four years. 

No detai led predic t ions on budgets for 
CERN-Meyrin after 1971 were put forward 
at the Counci l meet ing. Some major cons i 
derat ions for the years from 1972 onwards, 
when the ISR and the improvements pro
gramme are comple ted , have to be care
ful ly examined. They include the impact 
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Professor Puppi (left) retiring Chairman of the 
Scientific Policy Committee in conversation with 
one of the advisers to the Italian delegation, 
Dr. S. d'Andrea. 

Professor Gentner (left) newly appointed Chairman 
of the Scientific Policy Committee with Professor 
Paul delegate of the Federal Republic of 
Germany. 

of the start of construct ion of the 300 GeV 

machine and eventual ly the start of physics 

at the machine, the role of the nat io

nal Laborator ies, the long-term future of 

CERN-Meyr in. 

The delegat ions of the Federal Republ ic 

of Germany and the U.K. both ca l led for 

reduct ions in the proposed budget f igures. 

Germany based its request on the f inancia l 

impl icat ions of beginning const ruct ion of 

the new Laboratory and on the needs of 

other areas of sc ience and technology, 

mainta in ing that CERN should establ ish 

pr ior i t ies in its work f rom now on. 

The U.K. delegat ion were concerned in 

the short- term to make economies whene

ver possible in v iew of their f inancia l s i tua

t ion but, more important ly, in the long term 

were concerned with the image of CERN 

for governments and for the rest of sc ience. 

Other f ields such as astrophysics, oceano

graphy and molecular biology, whose 

demands on f inance at the moment are 

comparat ively modest, are growing at a 

t remendous rate and by the early 1970s 

they wi l l take an increasing propor t ion of 

the restr icted sc ience budgets. The U.K. 

urged CERN to take the lead in recogniz

ing this prob lem, for it is decis ions taken 

and att i tudes establ ished now, wh ich wi l l 

d ic tate whether CERN is adapted to the 

si tuat ion which wi l l soon prevai l . 

A compromise solut ion was put forward 

by the Director General g iv ing f igures in 

between those proposed by CERN and 

those proposed by the U.K. This resulted 

in the fo l lowing budgets (in units of a mi l 

l ion Swiss francs) being agreed unani

mously for the next three years — 

1969 : 218, 1970 : 229, 1971 : 240 

For the ISR project — 

1969 : 88.6, 1970 : 79.5, 1971 : 79.5. 

Expendi ture in 1969 in connect ion wi th the 

300 GeV project depends great ly on the 

speed wi th wh ich decis ions are taken and 

a tentat ive f igure of 8.5 MSF was recorded. 

These budgets wi l l be voted at the 

December meet ing. The Director General 

said that, in prepar ing the deta i led bud

gets, everything possible wi l l be done to 

avoid the burden of the reduced budgets 

fa l l ing too heavily on the physics p rogram

me, whi le sti l l fu l f i l l ing the var ious pro jects 

under way. 

The scale of the contr ibut ions of the 

Member States is due to be revised at the 

1 
* 

t * V : i I f 

\ • 5 < 

:\ € hJÈ 

* r ¥ 

" "mm 

CERN/PI 9.10.68 

CERN/PI 10.10.68 

end of this year (an exercise carr ied out 

every three years on the basis of U.N. 

stat ist ics of net national income). The 

Counci l dec ided to reduce the contr ibut ion 

of Greece and of Spain as is a l lowed for 

in the Convent ion in 'special c i rcumstan

ces' . 

Pol icy Commit tee. In br inging the meet ing 

to an end, the President, Dr. G. Funke, 

expressed the warm appreciat ion of the 

Counci l to Professor Puppi for all the work 

he has done in the SPC dur ing his term of 

of f ice. 

Appointment 
Professor W. Gentner from Heidelberg Uni

versity was appointed to succeed Professor 

G. Puppi as Chairman of the Scient i f ic 
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Formation of the 
European Physical Society 

On the afternoon of 26 September, the 
European Physical Society was of f ic ia l ly 
inaugurated at the Aula Magna of the Uni
versi ty of Geneva. This brought to a suc
cessful conc lus ion discussions and prepa
rat ions wh ich started at Bologna in Novem
ber 1965. 

The idea of the Society was carr ied for
ward at a series of meet ings at Pisa, 
CERN, London, Geneva and Prague. On 
the 25 September a f inal d iscussion at 
CERN, under the Chairmanship of the 
Director General , Professor B. Gregory, 
c leared the remaining points on the Cons
t i tut ion of the Society, and on the morn ing 
of 26 September more than forty of the 
leading physic ists in Europe and eighteen 
National Physical Societ ies were enro l led 
in the European Physical Society. The 
Nat ional Societ ies are f rom : 

Austr ia, Belg ium, Czechoslovakia, Finland, 
France, Federal Republ ic of Germany, Hun
gary, I re land, Israel, Italy, Nether lands, 
Rumania, Spain, Sweden, Swi tzer land, 
U.K., U.S.S.R., Yugoslavia. 
(In a number of cases the Nat ional 

Societ ies s igned subject to formal rat i f ica
t ion by their pwn Councils.) 

A major scient i f ic Conference — the f irst 
to be organized by the EPS — wi l l be held 
in Florence, 8-12 Apr i l 1969, and the f irst 
Counci l of the Society wi l l then be e lected. 
Until the Conference, an Executive Com
mittee wi l l guide the affairs of the EPS. Its 
members are: 
Prof. G. Bernardin i , of Pisa, (President); 
Prof. E. Rudberg, Stockholm (Vice President) ; 
Dr. L. Jansen, Geneva (Secretary); Prof. 
F. Janouch, Prague (Vice Secretary); Dr. 
L. Cohen, London (Treasurer); Prof. G.J. 
Béné, Geneva (Vice Treasurer) ; Prof. J . de 
Boer, Amste rdam; Prof. H. Curien, Paris; 
Prof. W. Gentner, Heide lberg; Prof. J . M. 
Jauch, Geneva; Prof. G. Szigeti , Budapest. 

Mme L. Etienne was appointed Executive 
Secretary. 

The seat of the Society is in Geneva and 
the Secretar iat is located at the Institut 
Battel le, 7 route de Drize, 1227 Carouge. 

An art ic le on the EPS based on a talk by 
the President, Professor Bernardini , ap-
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Photograph below : 

The Official Inauguration of the European 
Physical Society in the Aula Magna of the 
University of Geneva. On the platform are 
(left to right) Professor G. Bernardini (President 
of the Executive Committee of the Society), 
Dr. D. van Berchem (Rector of the University 
of Geneva) and Mr. E. Valloton (Head of the 
Scientific Section of the international department 
of the Swiss Ministry of Foreign Affairs). 

peared in CERN COURIER vol . 8, page 35. 
To recal l the main aims behind its for
mation — Ar t ic le 2 of the Const i tut ion 
states : 

T h e purpose of the Society is and shal l 
be to contr ibute to and promote the advan
cement of physics, in Europe and in neigh
bour ing countr ies, by all suitable means 
and in part icular : 

a) by provid ing a forum for the discussion 
of subjects of common interest; 

b) by prov id ing means whereby act ion can 
be taken on those matters which it ap
pears desirable to handle on the inter
nat ional level. 

The Society wi l l concern itself wi th such 
th ings as the co-ord inat ion of Conferences 
and Summer Schoo ls ; the co-ordinat ion of 
European physics journals and the pub l i 
cat ion of a Bul le t in ; the exchange of ex
per ience and informat ion relat ing to phy
sics teach ing ; the exchange of scient ists 
between physics centres in Europe. 

At the off ic ial inaugurat ion in the Au la 
Magna of the University of Geneva, the 
Rector, Dr. D. van Berchem, recorded his 
pleasure at the format ion of the EPS and 
at the part the University had played in 
br inging it into being. Speaking of the 
select ion of Geneva as the seat of the 
Society, he recal led the role of the city in 
the development of sc ience and spoke of 
CERN as being a real manifestat ion of the 
spir i t and pract ice of co-operat ion. Mr. E. 
Val loton, represent ing the Swiss author i 
t ies, also pointed to CERN as the example 
of scient i f ic co-operat ion and said that, in 
order to pursue such co-operat ion, CERN 
should be examined very careful ly to try to 
evaluate the cruc ia l elements which have 
led to its success. He said that the Swiss 
government has always encouraged inter
national scient i f ic research and welcomes 
the format ion of the EPS. 

Professor Bernardin i repl ied as Presi
dent of the Execut ive Commit tee of the 
Society. His main theme was the 'cul tural 
unity of Europe' and he said, 'The for
mation of this Society wi th such a wide 
membership is a further demonstrat ion of 
the determinat ion of scient ists to work 
together and make their posit ive cont r i 
but ion to the strength of European cul tural 
unity'. 

CERN/PI 365.9.68 
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News 
from 
abroad 

Membership of the EPS is def ined in 
Ar t ic le 4 of the Convent ion: 

T h e fo l lowing indiv idual , legal persons 
or bodies may become Ordinary Members 
of the Society: 

a) individuals who have shown by their 
contr ibut ion to European sc ience, by 
their professional act ivi ty or otherwise, 
to the Counci l 's sat isfact ion, that they 
can further the cause and object of the 
Society; 

b) societ ies, groups or laborator ies or
ganized or exist ing under the laws of 
the State of their incorporat ion or of 
their seat and wh ich , in the Counci l 's 
op in ion, make a s igni f icant contr ibut ion 
to European sc ience; 

c) individuals who are members of a 
society or group wh ich has been 
accepted as an Ordinary Member of 
EPS and who fulf i l the condi t ions laid 
down in the foregoing paragraph pro
v ided such individual membership in 
EPS is not prec luded by the Const i 
tut ion or by-laws of their society or 
group. 

Membership fees are f ixed in three cate
gor ies — Individual members (72 Swiss 
Francs/year) ; Membership through a Na
t ional Society which has jo ined the EPS 
(the National Society pays a fee varying 
accord ing to the number of its members) ; 
Members of a National Society who wish 
to enrol l also as individual members (18 
Swiss Francs/year). 

The first issue of the Bul let in of the 
Society, to be cal led 'Europhysics News', 
wi l l be devoted to the format ion of the 
EPS. It wi l l appear on the 15 November. 

Enrolling in the European Physical Society — 

1. Professor G. Bernardini (Director of the 
Scuola Normale Superiore, Pisa) 

2. Professor L. A. Artsimovich (Academy of 
Sciences, USSR) 

3. Dr. L. Cohen (Secretary of the Institute of 
Physics and the Physical Society, UK) 

4. Professor B. Gregory (Director General, CERN) 

Superconducting 
accelerator programme 
at Stanford 
The High Energy Physics Laboratory 
(HEPL) at Stanford University, USA, has 
for some years been the scene of an inten
sive at tack on the chal lenging problem of 
a superconduct ing accelerator (SCA). The 
work, under the leadership of Professors 
W. M. Fairbank and H. A. Schwet tman, has 
advanced to the stage where a large SCA 
wi l l be put together dur ing the next few 
years wi th every hope of successful 
operat ion. 

The feasibi l i ty of construct ing a super
conduct ing l inear accelerator was examin
ed at several centres (CERN, Rutherford 
Laboratory, and Stanford University) in the 
early 1960s. It became obvious at that t ime 
that a severe research programme to 
achieve major technica l advances wou ld 
be needed to overcome the problems invol
ved and only Stanford dec ided to con
front the work. 

In order to explain why the chal lenge 
was wor th tak ing up, we should consider 
the propert ies of the exist ing l inear acce l 
erator, wh ich have perhaps reached their 
opt imum so far in the 20 GeV electron 
machine at the Stanford Linear Acce lera
tor Centre. (Note : SLAC is a National 
Laboratory, d is t inct f rom HEPL which is a 
University Laboratory). 

The 20 GeV accelerator is built up of 
100 000 microwave cavit ies stretching over 
a length of 3000 m. Radio-frequency power 
is pumped into these cavit ies to establ ish 
the e lectr ic f ie lds wh ich accelerate the 
electrons. The bulk of the power is absor
bed in compensat ing for the r.f. losses in 
the copper wal ls of the cavit ies. Several 
thousand megawatts of r.f. power are 
required f rom an expensive klyston and 
modulator system. 

Because of the demand for power, the 
duty cycle of the accelerator has to be 
kept down to 1 in 1000 (in other words, the 
accelerator is swi tched on for only a thou
sandth of the t ime). For many exper iments 
this is a ser ious drawback. A related pro
b lem, wh ich also affects the exper iments, 
is that it is d i f f icul t to hold the acce lera
t ing f ields (and thus the final beam energy) 



L. Suelzle (kneeling) and E. Jones (from CERN) 
inspecting the injector for the superconducting 
electron linac being constructed in the High 
Energy Physics Laboratory at Stanford University. 
(Photo Stanford University). 

steady when pulsing the machine, coupled 
wi th temperature rises in the cavity wal ls 
where the power is lost wh ich can change 
physical d imensions and thus the acce
lerator 's character is t ics. 

The superconduct ing accelerator cou ld 
get round these l imitat ions. If it were pos
sible to bui ld the cavit ies f rom a supercon
ductor, and to sit the accelerator ef f ic ien
t ly in a very low temperature environment 
where superconduct iv i ty becomes ef fect ive: 

— There wou ld be a great reduct ion in the 
power lost in the cavity wal ls g iv ing a dra
mat ic saving in r.f. power 

— The accelerator could then be operated 
cont inuously instead of having a very low 
duty cyc le (the cont inuously maintained 
f ie ld wou ld also lead to more stable out
put energy) 

— Since the r.f. power system wou ld no 
longer be under strain, more power cou ld 
be used to increase the accelerat ing vo l 
tage to the breakdown point, thus reducing 
the physical length of the accelerator (per
haps a factor of two or three down on 
convent ional l inacs of the same energy) 
— And, a surpr ise bonus, if superf lu id 

hel ium were used as the refr igerat ing me
dium it wou ld be possible to maintain 
extremely stable temperature condi t ions 
wh ich would contr ibute to except ional ly 
stable output energy. 

To achieve these fascinat ing possib i l i 
t ies, HEPL mounted a long-range research 
programme to develop : 
1. A new superconduct ing technology to 
produce high power superconduct ing mi 
crowave cavit ies where the power loss is 
a factor of mi l l ion lower than in conven
t ional cavit ies. 
2. A new superf lu id hel ium technology to 
handle power dissipat ion at low tempera
tures whi le maintaining near isothermal 
condi t ions over distances of hundreds of 
metres. 

Development of cavities 

The reason for the requirement of a factor 
of a mi l l ion compared wi th the conven
t ional cavit ies is twofo ld . First, if the-power 
dissipat ion in the wal ls can be reduced 
by a factor of a thousand then, for the 
same power input, the same accelerat ing 

vol tage can be maintained cont inuously. 
Second, on extra factor of a thousand is 
needed to compensate for the ineff ic ien
cies of a refr igerator work ing at tempera
tures near absolute zero. In theory, super
conduct ing cavit ies, made for example of 
lead or n iob ium, wou ld produce such an 
improvement. 

A more usual way of expressing what is 
required is to sav_ that one needs to 
achieve microwave cavit ies wi th Qs excee
ding 10 1 0 , compared wi th the convent ional 
Qs of 10 4 . Q stands for 'qual i ty factor ' and 
represents the power ut i l izat ion of the 
cavity ; the higher the Q the less is the 
power needed to establ ish a required vo l 
tage. 

If the power were fed into the cavity at 
zero f requency, the resistance of the super
conductor wou ld be zero below the t ransi
t ion temperature (when the metal becomes 
superconduct ing) . However at high f re
quency, such as is involved in the pr inc ip le 
of operat ion of a l inear accelerator, the 
resistance vanishes only at absolute zero 
(and then only if some sources of residual 
resistance are el iminated). Prior to the 
Stanford work, the maximum values of Q 
wh ich cou ld be achieved in a supercon
duct ing cavity were around 10 7 ( indepen
dent of temperature) and HEPL had there
fore the task of improving on this perfor
mance by a factor of a thousand. 

One source of residual resistance is that 
magnet ic f lux is t rapped in the wal ls of 
the cavity when they become superconduc
t ing. When the cavit ies are coo led down 
in the earth's magnet ic f ie ld, f lux is t rap
ped in the wal ls produc ing normal conduc
t ing regions. In a series of exper iments 
carr ied out at HEPL, it was found that Q 
could be pushed progressively higher as 
the ambient f ie ld dur ing cool -down was 
made lower. This increase cont inued 
down to a f ie ld level of 0.03 gauss. 

Another source of residual resistance is 
that large thermal gradients can appear as 
the metal goes superconduct ing giv ing 
large thermoelect r ic currents, again resul
t ing in t rapped f lux. Keeping these thermal 
gradients as low as possible resulted in 
further increases in Q. 

By now HEPL has shown that, wi th these 
precaut ions, it is possible to take the value 
of Q above 10 1 0 . (Similar values have s ince 
been obta ined at Brookhaven and Karls-
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Some photographs from the National Accelerator 
Laboratory where the USA 200 GeV accelerator 
is being constructed : 

1. All the Laboratory staff have now moved on to 
'The Campus' and this flag-raising ceremony 
took place on 24 September. 

2. As reported in the last issue of CERN 
COURIER, the Laboratory has experimented 
with inflatable buildings. The one shown is for 
the 'Modeling and Measurements Group'. 

3. An aerial view of the village of Weston which 
temporarily houses the Laboratory staff. 

ruhe using lead cavities.) The first require
ment for a superconduct ing accelerator 
has thus been achieved. 

Pure niobium looks the best mater ial for 
the construct ion of the cavi t ies because 
of its excel lent high vol tage propert ies. 
With niobium it should be possible to 
achieve very high accelerat ing f ie lds lea
d ing to a compact accelerator (energy 
gradients of the order 20 MeV/m). Several 
techniques for manufactur ing cavi t ies of 
pure n iobium, wh ich at f i rst s ight cou ld be 
an extremely expensive business, are being 
invest igated. Electrodeposi t ion on a copper 
mandrel looks part icular ly interest ing both 
economica l ly and as a method of accurate 
const ruct ion. 

Helium refrigeration 

Superf lu id hel ium has remarkably good 
heat-transfer propert ies and is an excel lent 
heat reservoir, having high speci f ic heat. 
It can therefore rapidly spread any heat 
generated in the cavit ies throughout a lar
ge thermal reservoir and thus play an 
essential part in the operat ion of a super
conduct ing accelerator by prov id ing a sta
ble thermal environment. 

The Stanford team had, however, to 
apply itself to the problem of real iz ing 
these propert ies in a pract ica l system. A 
superf lu id refr igerator had never been built, 
nor had a large-scale cryogenic system 
such as wou ld be needed for a supercon
duct ing accelerator. 

The f i rm Arthur D. Litt le Inc. modi f ied 
an exist ing refr igerator for super f lu id opera
t ion. This was a 30 W system and tests 
wi th it led to the design of a 300 W unit 
now being instal led at HEPL. The use of 
this refr igerator should demonstrate the 
feasibi l i ty of operat ing a large and complex 
system from a central refr igerator. Work is 
a l ready under way on the design of a 1000-
2000 W refr igerator. 

The near future 

The 300 W refr igerator is des igned to cool 
a superconduct ing accelerator 150 m long. 
(A 1.5 m prototype has been in operat ion 
s ince December 1966.) With in the next few 
years all the individual pieces of work 
wh ich have been done on var ious aspects 
of SCA technology wi l l be brought toge-

ther in the design, construct ion and ope
ration of a superconduct ing electron l inac 
150 m long. If all goes wel l it cou ld even
tual ly lead to a superconduct ing conver
sion of the SLAC accelerator. 

During th is exci t ing stage of the work at 
Stanford, two CERN people wi l l be work ing 
wi th the team — E. Jones (who did re
search wi th the storage ring model , CESAR, 
at CERN) and P. Bramham (a l inac r.f. spe
cial ist f rom the ISR Division). 

End of ING 
The Intense Neutron Generator (ING) pro
jec t has been rejected by the Canadian 
government. It was announced on 20 Sep
tember that, in accordance wi th the govern
ment dec is ion, the AECL (Atomic Energy 
of Canada Limited) wi l l phase out its ING 
studies and exper iments by the end of the 
current f iscal year. 

The ING project was centred on the 
Chalk River Laboratory. It involved the 
const ruct ion of a 1 GeV proton l inear 
accelerator provid ing a cont inuous beam 
of 65 mA to be used pr incipal ly for the 

product ion of an intense f lux of neutrons. 
(See for example CERN COURIER vol . 7 
page 200, for a ful ler descr ipt ion). 

The Canadian government dec ided that 
in the l ight of the other demands on the 
nat ional treasury, the high cost of ING 
cou ld not be met at this t ime. It wou ld 
have been by far the largest, and most 
expensive, s ingle scient i f ic project ever 
funded by the federal government (capital 
cost $ 166 mi l l ion at 1966 pr ices over a 
const ruct ion t ime of seven years). Cana
dian scient ists are left wi th TRIUMF (see 
CERN COURIER vol . 8, page 136), a cyc lo
t ron project on the west coast. 
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Vienna Conference 
A report of the conference at Vienna and of 
some of the developments in sub-nuclear physics 
discussed there. 

The 14th International Conference on High 
Energy Physics was held at Vienna, f rom 
2 8 August to 5 September. It was the latest 
in the major series of biennial conferences 
cover ing sub-nuclear physics, often ca l led 
the 'Rochester conferences' (the f irst ones 
were held at Rochester in the 1950s). The 
sponsors were the Austr ian Federal Govern
ment, the International Union for Pure and 
App l ied Physics (IUPAP), and CERN. 

About a thousand physicists f rom thir ty-
nine countr ies at tended, inc luding almost a 
hundred f rom CERN, and the organizat ion 
of the conference was remarkable in co
ping successful ly wi th such a large num
ber of people. 

The sett ing of the Imperial Palace, the 
Hofburg, at Vienna was perhaps the most 
magni f icent ever to receive a conference 
in this series. Using the large conference 
hall of the Hofburg, it was possible to 
accommodate all the part ic ipants together 
( though the loudspeaker and pro ject ion 
system were not adequate for such a large 
throng). In addi t ion, the Austr ian hosts 
were overwhelmingly generous in their 
hospital i ty. The entertainment p rogramme 
inc luded a night at the famous Vienna 
Opera and a recept ion at the elegant Town 
Hall . And to complete their impression of 
Vienna, the part ic ipants cou ld apprec iate 
as they made their way around the city 
that all the beauti ful problems in life are 
not conf ined to physics. 

But these pleasant memories were inevi
tably co loured by the nearness to the Con
ference, both in t ime and space, of the 
occupat ion of Czechoslovakia, wh ich was 
deeply felt by the assembled scient ists. 

To turn to the physics — the conference 
was one of consol idat ion rather than reve
lat ion. There were no dramat ic announce
ments of results such as f i red the confe
rences in the early 1960s (and this may 
wel l remain the case for some years, per
haps unti l a new energy range opens up). 
Nevertheless, many more pieces were 
added to the j igsaw puzzle, mainly slott
ing into their expected places. Results on 
the weak interact ion and the e lect roma
gnet ic interact ion which were th in on the 
ground a few years ago, are now f lowing 
in in profusion. For the weak in teract ion, the 
f lurry of act ivi ty is mainly a consequence 
of t ry ing to understand the v io lat ion of 

charge-par i ty (CP) symmetry in the decay 
of the long-l ived neutral kaon. For the 
e lect romagnet ic interact ion, the existence 
of ful l exper imental programmes par t icu
larly at the DESY electron synchrotron and 
at the linear accelerator at Stanford has 
added many more results. Some exper i 
ments have been refined to a point where 
accurac ies unbel ievable even two years 
ago, are being achieved. On the theoret ical 
side a lot of new ideas were added to the 
melt ing pot, not many of them thoroughly 
developed. They wi l l , however, be the 
source of interest ing work using new 
approaches. 

Almost a thousand papers were received 
for d iscussion dur ing the paral lel sessions 
and the 'Discussion Leaders' had the di f f i 
cult job of f i l ter ing these down to a number 
wh ich could reasonably be accommoda
ted. They were broken down into seven 
groups — Current and f ield algebras, 
quarks, and related top ics ; Electromagne
t ic interact ions; Resonances; Dynamics of 
strong interact ions; Weak interact ions and 
CP v io la t ion; Intermediate and high energy 
col l is ions; Fundamental and theoret ical 
quest ions. 

What fo l lows now is a necessari ly very 
select ive review of the information presen
ted at the conference — pick ing out a few 
exper iments and a few important top ics 
f rom theory. 

Weak interaction 
Eta zero zero confrontation 

As ment ioned above, an intensive at tack 
has been launched on the weak interact ion 
in an effort to understand the mechanism 
of CP violat ion in the decay of the long 
lived neutral kaon, K ° [_,. One important 
need is to determine the value of eta 
zero zero. 

To explain what this means we need to 
go quick ly through some facts on the CP 
vio lat ion. (For more detai l see CERN COU
RIER vol . 6, page 171; vol . 7, page 3 1 ; vol . 
8 , page 11.) In 1964 came the first observa
t ion of the decay of the K ° |_ into two char
ged pions. If charge parity symmetry were 
conserved this decay would not be possi
ble, but by now it is wel l exper imental ly 
establ ished and the rate at wh ich it occurs 
(a few decays in a thousand) has been 

accurate ly measured. The rate at wh ich the 
short- l ived kaon, K ° s , decays into two 
charged pions (which does not violate CP) 
is also known. It is then possible to give 
a value for the ' relat ive decay ampl i tude ' 
cal led 'eta plus minus' , which compares 
the ampl i tudes (the square roots of the 
rates) of the decay of the K j_ m t ° two 
charged pions and of the K ° s into two 
charged pions 

A ( r f 3 L - > ? t + J T ) 

' A ( K ° L - > J t + j t ' ) 

The value of eta plus minus is now wel l 
establ ished as about 2 x 1 0 - 3 . 

In 1966, the decay of the K ° [_ into two 
neutral pions, wh ich also violates CP, was 
observed in two exper iments — a spark 
chamber exper iment done at CERN by a 
Rutherford, Harwel l , Aachen, CERN group 
and a spark chamber exper iment done at 
Pr inceton. It is a much more di f f icul t decay 
to get hold of s ince it involves detect ing 
the e lectron showers, wh ich are produced 
by the gamma rays, wh ich are produced 
by the neutral pions, wh ich are produced 
by the long-l ived kaons. Great care has to 
be taken to d ist inguish the two pion decay 
from the profusely occur r ing three pion 
decay. Nevertheless, both exper iments 
measured the rate of the decay and were 
therefore able to put forward a value for 
eta zero zero 

A ( K ° L - > j t ° n°) 
T]00 = 

A ( K ° s - > Jt° J T ° ) 

Why is the value of eta zero zero impor
tant ? The answer lies in t ry ing to analyse 
just what is happening when we observe 
the long-l ived kaon decaying into two 
pions in v io lat ion of CP symmetry. Are we 
seeing di rect ly the rare occurrence of a 
K ° L decaying into two pions or are we 
seeing the decays of a K ° S into wh ich a 
K ° L has converted ? (Although the K ° S is 
'a l lowed ' to decay into two pions this 
doesn' t get around the CP violat ion 
because we sti l l have to confront it in con
vert ing K ° L into K ° S ). If the second alter
native is correct — that a 'super-weak' 
force is act ing on K ° | _ wh ich on rare occa
sions converts a K ° | _ into a K ° S — then 
the ratio of the observed K ° \_ decay into 
two neutral p ions compared with two char
ged pions, should equal the ratio of the 
K ° § decay into two neutral pions compa
red wi th two charged pions (just because 
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The huge hall used for the Conference sessions 
in the Imperial Palace at Vienna. 

we are saying that we are not seeing the 
decay of K°|_ at al l , but always of K ° s into 
wh ich K°|_ is occasional ly converted). Then 
r]oo should equal r| + - having a value 
of about 2 x 10~3. If this is not the case 
we el iminate the superweak theory of CP 
v io lat ion. 

Both 1966 exper iments gave v\oo equal 
to about 4 x 10" 3 and the two results were 
very close together. Three fur ther measu
rements entered the discussion at Vienna 

1. A Hawai i /Berkeley team in an exper i 
ment at Berkeley comes c lose to 4 x 
1CT3, in line wi th the 1966 results. 

2. A CERN heavy l iquid bubble chamber 
exper iment involving CERN, Ecole Poly-
technique and Orsay gives a value 
c lose to 2 x 1CT3. This exper iment invol
ved perhaps the most search ing ana
lysis of any bubble chamber exper iment 
yet, because, when it became obvious 
that the result d id not t ie up wi th the 
two 1966 results, the scient ists stood 
on their heads to look for possible 
errors. 

3. Prel iminary news f rom an exper iment 
led by V. Fitch at Pr inceton wh ich has 
observed no two neutral p ion decays 
so far. This was a s igni f icant cont r ibu
t ion to the discussion s imply because 
if T]OO in nearer 4 x 10" 3 some events 
should have appeared (the event rate 
goes up as the square of r]oo). 

Also, further analysis of the f irst Pr in
ceton result has brought it down to nearer 
2 x 1CT3. 

Obviously, in the l ight of this conf ron
tat ion, each exper iment has been put 
under a microscope but wi thout d iscove
ring any f laws. Further exper iments wi l l be 
done and the possibi l i ty of using the new 
large heavy l iquid bubble chamber, Gar-
gamel le, wh ich wou ld be a very ef f ic ient 
detector of neutral pions, is under cons i 
derat ion at CERN. 

Neutrino results 

The prel iminary results of the latest series 
of neutr ino exper iments at CERN (see 
CERN COURIER vol . 6, page 211) were 
reported at the conference. For the f irst 
t ime, informat ion based on neutr ino inter
act ions on free protons cou ld be announ
ced . It proved easy to p ick out the free 

proton events f rom those involving a pro
ton bound in a nucleus. 

Prior to this exper iment there was no 
exper imental f igure for the cross-sect ion 
of the neutr ino interact ion wi th a nucléon 
to produce a pion. The previous exper i 
ments, in order to see an acceptable num
ber of interact ions per day, were compel led 
to use f reon in the bubble chamber and 
any interact ion wi th a nucléon produc ing 
a pion was very di f f icul t to analyse because 
the pion is affected by the other nucléons 
in the heavy nucleus. Now that the neutr ino 
f lux in the CERN beam-l ine has been grea
t ly increased, an acceptable event rate can 
be achieved using the less dense propane 
in the chamber, and propane has hydrogen 
atoms wi th ' free' protons at their nucleus. 
Thus pion product ion can occur wi thout 
inter ference from other nucléons. The 
results show that, as expected, the domi 
nant contr ibut ion to the inelastic cross-
sect ion comes from the format ion of the 
nucléon resonance N* (1236). 

V j A + N - > N * + j t + V 

The spark chamber exper iment done in 
associat ion wi th the bubble chamber expe

riment also conf i rmed an expectat ion. One 
of their measurements was to check the 
muon conservat ion law, namely that the 
muon neutr inos (vy j always t ransform to 
negative muons and the muon ant ineutr i -
nos (vuJ to posit ive muons. With spark 
chambers before and after the bubble 
chamber they used the magnet ic f ie ld of 
the chamber to determine the charge on 
the muon. With the CERN beam of neutr i 
nos only negative muons should have been 
seen. The result was \i+/±c = 0 . 3 % which 
is consistent wi th the background 
v/v = 0 . 2 % . 

A side effect of the research on cosmic 
and solar neutr inos wi th detectors located 
deep underground has been the measure
ment of the angular d istr ibut ion of very 
high energy muons. A report f rom the Utah 
University team down the Park City lead 
mine found that the measured muon f lux 
d id not vary wi th angle in the expected 
way (see CERN COURIER vol . 8, page 12) 
suggest ing that the source of these muons 
was not exclusively the decay of pions 
and kaons. 



A photograph taken during the reception in the 
Vienna Town Hall. This was just one of the events 
laid on by the City of Vienna which received 
the Conference with quite exceptional generosity. 
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This result has since been contested 
(for example by a Durham University group) 
and at the Conference, M.G.K. Menon 
reported simi lar measurements carr ied out 
in the Kolar gold mines in India at di f fe
rent depths. His team found the muon f lux 
to vary wi th angle as expected. 

Theory 

The theoret ical at tack on the weak inter
act ion has moved into a new phase in 
that people are now busy t ry ing to ca lcu 
late higher order correct ions. So far the 
theory descr ibes the interact ion very wel l 
to lowest order, but it runs into t rouble if 
it is extended to higher orders. The present 
efforts are d i rected towards modi fy ing the 
theory to correct this and some possible 
models have been proposed. 

On the del icate problem of CP v io la
t ion, the theoret ical posi t ion is w ide open 
and theor ists are largely mainta in ing a 
d iscreet s i lence for the t ime being unti l the 
exper imenta l posi t ion is c lar i f ied. 

Electromagnetic 
interaction 
C violation 

One of the major top ics of the conference 
held two years ago at Berkeley was the 
possible violat ion of charge symmetry in 
the e lect romagnet ic decay of the eta 
meson into three pions (see CERN COU
RIER vol . 6, page 171). The first exper i 
ment (bubble chamber exper iment at Brook-
haven) based on the observat ion of one 
and a half thousand events rocked the 
boat by c la iming a clear indicat ion of C 

v io lat ion (giving an asymmetry of 0.072 ± 
0.028). A spark chamber exper iment at 
CERN, reported at Berkeley, had observed 
more events (ten and a half thousand) 
and showed no C violat ion (asymmetry 
0.003 ± 0.010). 

Sti l l more events, 40 000, have been 
observed in an exper iment at Brookhaven 
by a Columbia University, BNL team and 
an observed asymmetry of 0.015 ± 0.005 
was reported at the conference. Standing 
by itself this may have been regarded as a 
strong indicat ion of C violat ion but, wi th 
the other exper iments behind it, a verd ic t 
of 'v iolat ion not proven' is general ly recor
ded. 

It appears that Amer ican eta mesons 
have a tendency to break the law whi le 
Western European eta mesons are we l l -
behaved (they have, of course, a much 
longer cul tural t radi t ion behind them). 
Apart f rom spinning a coin in mid-At lant ic 
(which wou ld be unscient i f ic, though chea
per), perhaps the c l inch ing result wi l l be 
the behaviour of Eastern European eta 
mesons at Serpukov. 

5^2 

The muon storage ring group f rom CERN 
reported their measurements of the 'g 
minus 2' of the posit ive and negative muon. 
The exper iment was one of the most ref in
ed ever to be undertaken, a iming to 
measure 'g-2' to an accuracy more than 
ten t imes better than ever before. The 
value of 'g-2', wh ich is related to the ano
malous magnet ic moment of the muon, is 
important because — 
i) It is a way of test ing just how far the 

very successful theory of quantum elec
t rodynamics cont inues to apply when 

invest igated at smal ler and smal ler 
d is tances; one of the grat i fy ing surpr ises 
of physics is that this theory wh ich was 
developed to expla in phenomena on the 
scale of 10~8 cm has cont inued to hold 
good down to 10~ 1 4 cm. 

ii) It cou ld provide a c lue to the reason 
for the existence of the muon ; the elec
tron and the muon differ essential ly 
only in their mass and why Nature has 
need of two di f ferent ' ident ica l ' part ic les 
has been an intr iguing quest ion for 
many years. 

(For a ful l descr ip t ion of the exper iment 
and its aims, see CERN COURIER vol . 6, 
page 152.) 

The theory predic ts a value for g-2 of 
116560 x 10~8. The exper iment gave 
(116575 ± 71) x 1 0 - 8 for the posit ive muon 
and (116625 ± 24) x 10~8 for the negative 
muon. These results are twenty t imes more 
precise than the previous f igures. During 
the course of the exper iment they were 
consistent ly h igher than the theoret ical 
predic t ion but not enough to shake the 
belief in quantum elect rodynamics wh ich 
sti l l stands down to distances below 10~ 1 4 

cm. 

The possibi l i ty of pushing the accuracy 
st i l l fur ther is now being investigated at 
CERN. 

Theory 

Some of the results f rom Stanford are 
posing big problems for theorists. They 
concern part icular ly e lect roproduct ion at 
high momentum transfer. When resonance 
product ion goes down, an inexpl icable 
background remains which is large and 
constant. 

Photo product ion of the neutral pion and 
the photoproduct ion of charged pions by 
polar ized gammas pose new di f f icul t ies 
for the Regge pole analysts. For elast ic 
e lectron scat ter ing, explanat ions of the 
form factors at large momentum transfer 
in terms of a compos i te structure of the 
nucléon were presented but the posi t ion 
is sti l l not clear. 

Strong interaction 
Here, more than anywhere, the weight of 
accumulat ing informat ion is growing at a 
great rate. In bubble chamber exper iments 
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Part of the audience during one of the 
Conference sessions. The hall of the Imperial 
Palace was able to accommodate more scientists 
than had ever been brought together at any 
previous high-energy physics Conference. 

(Photos : Foto Schikola, Vienna) 

the stat ist ics are c l imbing at the rate of 
about four every two years and the pre
sent stat ist ical accuracies are forc ing more 
attent ion to be paid to systematic errors 
such as are involved in the opt ical pro
pert ies of the chambers. 

At the last conference two years ago 
in Berkeley, two-body col l is ions were 
mainly known in terms of elastic scat ter ing 
near the forward d i rect ion. Now data 
exists over the whole angular region for 
p ion-proton, proton-proton and ant i -proton 
interact ions. Al l these have dif ferent struc
tures and it wi l l need a lot of work to 
interpret them theoret ical ly. In terms of 
quasi-elast ic scatter ing (such as pion plus 
proton giv ing a proton and a boson reso
nance), many results have come from 
bubble chamber and missing mass spec
t rometer exper iments. 

The si tuat ion wi th regard to resonances 
was summarized by H. Harari (Weizmann 
Institute) in a thoroughly wel l -prepared and 
wel l -presented talk. He showed that, par t i 
cular ly for the baryon resonances, the 
observed part ic les fit very wel l into the 
places assigned to them by SU6 theory 
or the quark model . For the boson reso
nances, th ings are not so clear cut. 

Mixing angle 

Results involving the e lectromagnet ic inter
act ion, wh ich have an important bear ing on 
unitary symmetry theory, were reported by 
several groups including the Bologna/CERN 
team. Three measurements were reported 
for the 'co - 0 mixing angle ' g iv ing values 
wh ich fit that needed to explain the omega 
(co) and phi (0) vector mesons in terms of 
SU3. 

When shuff l ing the observed part ic les 
into the groups corresponding to the SU3 
scheme, an anomaly arose for the group 
of vector mesons. In the expected group of 
eight, seven mesons were found to fit 
nicely but none f i t ted into the slot for a 
part ic le of mass about 960 MeV (cal led 
cos). 

Instead two maverick part ic les were 
found — the omega meson of mass 760 
MeV and the phi meson wi th a mass of 
1020 MeV. J. J . Sakurai suggested that the 
two observed part ic les are in fact mixtures 
of the cos and an SU3 singlet part ic le 
coi (both of these part ic les having the same 
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quantum numbers). This can be expressed 
by the 'co - 0 mixing angle' . 

The way used to determine this angle 
by the Bologna/CERN team was to mea
sure the electromagnet ic decays of the 
omega and the phi into electron-posi t ron 
pairs. The omega and the phi are l inked 
wi th the photon, which material izes into the 
electron-posi t ron pair, by their cos compo
nent. Thus to examine the e lectromagnet ic 
decays is effectively to switch off the coi, 
making it possible to determine how the 
cos and coi mix to give the observed omega 
and phi mesons. 

However, the electromagnet ic decays of 
the mesons are very rare and dif f icult to 
observe. The team measured the decays 
using a complex array of detectors mainly 
bui l t at Bologna. Al though only a handful 
of events for each part ic le state were seen 
it was possible to give a value for the 
mixing angle ( 2 3 ^ ) ° which conf i rms that 
the SU3 explanat ion of the omega and phi 
in terms of the mixing of two part ic les is 
correct . 

Simi lar values came from elegant and 
di f f icul t exper iments done by the Orsay 
co l l id ing beam group, who used e lect ron-
posi tron col l is ions in the Orsay storage 
ring to produce the mesons, and from the 
MIT/DESY group who used photoproduc
t ion of the mesons at the DESY electron 
synchrotron. 

Theory 

The strong interact ion is fert i le ground 
for theorists also. The complexi ty of the 
exper imental observations has resulted in 
many different theoret ical approaches. 

To understand the behaviour of cross-
sect ions at high energies and the exchange 

of quantum numbers, the Regge pole mo
del remains the most successful . The known 
part ic les fit wel l wi th the concept of Regge 
t ra jector ies but compl icat ions have oc
curred involving the introduct ion of ' con
spiracies ' (special connect ions) between 
tra jector ies in order to explain, for example, 
exper imental results in which pion ex
change is prominent. These compl icat ions 
may result in 'Regge cuts' assuming a 
much more important role in the theory 
than they have done up to now. 

One of the most satisfying developments 
s ince the Berkeley conference has been 
the recogni t ion of 'dual i ty ' between the 
Regge pole picture and the resonance 
product ion p ic ture of part ic le interact ions. 
Previously, theorists were in the aesthet i
cal ly d ispleasing posit ion of having an 
interpretat ion wh ich was good at high 
energies but bad at low energies (Regge 
pole picture) and another interpretat ion 
wh ich was bad at high energies but good 
at low energies (resonance picture). An 
analysis wh ich seems to resolve the con
f l ic t by showing that, in fact, each picture 
contains the other was first proposed by 
Dolen, Horn and Schmid and it has since 
been extensively used to determine Regge 
parameters for low and intermediate 
energy interact ions. Much work is under 
way on this theme; in part icular, a model 
proposed last summer at CERN by G. 
Veneziabo is being explored further. 

For the f irst t ime, a major effort has 
emerged to understand interact ions where 
many part ic les are produced (as opposed 
to essential ly two-body processes wh ich 
may produce two resonances which decay 
to give more part ic les). The most promis
ing interpretat ions are based on mul t i -
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Regge pole exchange wh ich many groups 
used for interpret ing their data fo l lowing 
the p ioneer ing work of Chan Hong-Mo 
and col laborators at CERN. This model is 
prov ing very successful and led G. Chew, 
F. Low, and M. Goldberger, to some inte
rest ing theoret ical developments wh ich 
were sketched at the conference. 

On symmetr ies, SU3 theory st i l l stands 
in good array. The development of the 
Regge pole model has put forward the 
possibi l i ty of some part ic les wh ich wou ld 
not f i t the c lassi f icat ion of part ic les based 
on the postulate of quarks, but M. Gel l -
Mann and G. Zweig have already prepared 
for the possibi l i ty of these part ic les being 
detected exper imental ly by work ing out a 
modi f ied quark model . 

New results have emerged f rom the 
work using algebra of f ie lds, in par t icu lar 
in connect ion wi th processes involving 
hard (actual) p ions; the early current a lge
bra work obtained its results assuming 
soft (zero mass) pions. A beauti ful result 
of more mathemat ical nature was presen
ted by D. Atk inson in S-matrix theory. He 
has expl ic i t ly shown the compat ib i l i ty of 
crossing-symmetry, unitari ty and the Man-
delstam representat ion for a scat ter ing am
pl i tude. 

And wi th that f lurry of special is ts terms 
this brief review of some of the top ics of 
the Vienna conference is conc luded. 

The conference indicated many interest ing 
theoret ica l paths to fol low, many exper i 
mental results wh ich are sti l l needed, and 
results wh ich need further prec is ion. No 
doubt much of this wi l l be c leared by the 
t ime of the next conference in the series 
wh ich wi l l be held in the Soviet Union in 
1970. 

The new concrete shielding roof which was built 
over the top of the existing PS tunnel over the 
target zone from which beams are taken to the 
North and South experimental halls (see CERN 
COURIER vol. 8, page 178). This precaution has 
been taken to prepare for the radiation levels 
which will be generated as the intensity of the 
proton synchrotron is increased. 

Start up of the PS 
The proton synchrotron began operat ion 
again on 9 September after a long shut 
down. Up to 23 September, the machine 
was operated only at night and at low 
energy (800 MeV) because the civi l eng i 
neering work at var ious points around the 
r ing, part icular ly the reinforcement of the 
shie ld ing and the pierc ing of the connec
t ing tunnels for the Booster and the ISR, 
was sti l l in progress. 

It was possible dur ing this running-in 
per iod to el iminate the faults inevitably 
present after the many modi f icat ions and 
addi t ions wh ich had been carr ied out 
dur ing the shut down. These two weeks 
were also used to carry out a series of 
tests to improve the overal l in ject ion eff i 
c iency; these tests wi l l be cont inued in the 
normal course of development of the ma
chine. 

On 25 September, when all the civi l eng i 
neer ing work had been f in ished on sche
dule (despite the bad weather), the PS 
came back into normal operat ion. Opera
t ion began wi th a step-by-step increase in 

energy to f ind the opt imum sett ings of the 
currents feeding the pole face windings. 
The main problem here was to obtain a 
suff ic ient ly uni form magnet ic f ie ld at high 
f ie ld levels over an adequate width inside 
the vacuum chamber to enable the beam 
to be d i rected onto targets. The width of 
uni form f ie ld at high f ie ld levels cou ld not 
be pred ic ted accurate ly in advance. Uni
form f ie ld at peak energy of over 4.5 cm 
was achieved wh ich is ample. The var ia
t ion in the currents for the pole face w ind 
ings are now programmed. 

Once this had been c leared, the next 
step was to establ ish the maximum energy 
for regular operat ion. It was found to be 
27.2 GeV wi th a repet i t ion rate of one pulse 
every 3.2 s (with the previous magnet 
power supply, the theoret ical repet i t ion 
rate at this energy was one pulse every 
6 s) and it may prove possible to lower 
this f igure to 2.8 s. (These per formance 
f igures are c lose to those on the AGS at 
Brookhaven). The new power supply is 
work ing wel l , but there are sti l l a few 
adjustments to be made to the stat ic con
verters. 

CERN/PI 141.9.68 
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One of the new remotely-controlled arms carrying 
a television camera which observes the 
manipulator in action. It is less bulky, stronger 
and has a further degree of freedom of movement 
compared with its predecessor. 

On 5 October an intensity of 10 1 2 protons 

per pulse was obta ined. 

At the t ime of wr i t ing, exper iments have 

started only in the South Hal l , fed by two 

internal targets, one in st ra ight-sect ion 1 

receiv ing 80 % of the beam, and the other 

in straight-sect ion 8 receiving the other 

2 0 % . Al l the other exper iments in the PS 

programme should begin progressively 

th rough to the months of January or Febru

ary, 1969. 

Tests on the 'straight f lush ' system 

(see CERN COURIER vol . 8, page 175) 

began on 10 October and the system has 

already per formed many of its t r icks. The 

e ject ion channel f rom stra ight-sect ion 58 

can be suppl ied wi th up to three bunches 

of protons per pulse and adjustments ready 

for feeding beams to the 2 m bubble cham

ber can begin. Experiments are under way 

also on the ful l -aperture k icker (see CERN 

COURIER vol . 8, page 26) and on the s low-

e ject ion system for the East Hal l . 

From the start up, a cons iderable improve

ment has been achieved in the vacuum 

moni tor ing system. Informat ion on the 

pressure in each of the stra ight-sect ions 

of the r ing can be read f rom dials or p r in 

ted out by the IBM 1800 computer in the 

contro l room. The latter also gives the 

averages of the measurements and ind i 

cates those sect ions where the vacuum 

is poor. 

Modified manipulator 
of the PS 
A 'General Mi l ls ' remotely cont ro l led ma

nipulator has been instal led in the PS ring 

s ince mid-1967 (see CERN COURIER vol . 7, 

page 85). A l though such devices are by 

now qui te common, they have not so far 

been used in places wi th no d i rect visual 

access such as an accelerator tunnel . The 

aim of the tests at the PS is to study all 

the problems involved in the operat ion of 

a manipulator seen only by televis ion 

cameras. 

In May 1968, a second, smal ler te lema-

nipulator of qui te a di f ferent design, wh ich 

was made at CERN, was added. The who le 

apparatus proved most useful when the 

PS was shut down in June 1968; especia l ly 

for d ismant l ing the septum magnets f rom 

straight-sect ions 58 and 62, wh ich had 

some very 'hot ' components. 

The new smal l manipulator was par t icu

larly useful. It has a long, th in arm wh ich 

is sui table for del icate work because, in 

contrast wi th the arm of the large manipu

lator, it does not b lock the f ie ld of v iew of 

the cameras or cast shadows. Nevertheless 

it is a prototype and has some faults ; for 

example, its counterbalancing system is 

cumbersome. This is to be improved. 

It has also been necessary to modify the 

observat ion system : the three cameras 

(two for detai led views and one for an 

overal l view) have had to be replaced 

because they produced very low level 

signals wh ich could easily be d is turbed by 

the surrounding motors. The l ight ing sys

tem has also been improved — the l ights 

on the cameras have been replaced by 

halogen lamps which are about ten t imes 

more compact , and those f ixed on the 

br idge have been replaced by more power

ful ones. The counterbalanced arms sup

port ing the cameras have been replaced by 

stronger ones which are now f ixed to a 

carr iage and no longer direct ly to the 

br idge, wh ich gives them longer range in 

the lateral d i rect ion. 

The next major problem to be tack led 

is that of the l imitat ion in the area where 

the manipulator can work, d ic tated by the 

length of the control cables (40 m) bet

ween the br idge and the input/output point 

on the wal l of the r ing. Work has started 

on a system wh ich wi l l a l low cables to be 

d isconnected from a distance and be 

reconnected on a connect ion box 40 m 

further away. 

LSD at CERN 
In autumn 1966, the Track Chamber Divi

sion at CERN, in col laborat ion wi th Col lège 

de France and Ecole Polytechnique, under

took to bui ld two automatic measur ing 

machines for bubble chamber photographs 

of the type known as the digi tal Spiral 

Reader. (In French ' lecteur à spirale d ig i 

tal isée - LSD' ; honi soit qui mal y pense !) 

One is intended for use at CERN and the 

other at the Col lège de France. 

It is only necessary to point to the num

ber of photographs taken in the three 

CERN/PI 104.8.68 

CERN bubble chambers in the last year — 

over 7 000 000 — to br ing out the need for 

measur ing systems which are as automatic 

as possible. 

There are three stages prior to the ana

lysis proper of the part ic le events recorded 

on a photograph : 

1) Scanning : the select ion of the events 

wi th wh ich the exper iment is concerned 

(perhaps events wi th two or four 

prongs, or neutral part ic le decays...). 

An event wi l l involve only a f ract ion 

of the many t racks produced on a pho

tograph dur ing the exposure t ime and 

only a f ract ion of the total number of 

photographs taken dur ing an exper i 

ment wi l l record the interesting events. 

It is a relat ively s imple operat ion for 

the t ra ined human eye to p ick these out 

but it is st i l l too complex an operat ion 

for machines to do eff iciently. (There 

are at tempts being made to develop 

automat ic scanning but they are sti l l 

at the exper imental stage.) One is l imi 

ted therefore, to produc ing equipment 

wh ich reduces human intervention to 

the bare min imum. 

2) Measurement : the accurate recording 

of the coord inates of a certain num

ber of points on each t ra jectory of the 

events se lected. This process can be 

either semi or ful ly automatic. 

3) Processing : This begins wi th the 

reconstruct ion in space of the t ra jecto

ries using informat ion from the three 

views taken. This is done by computers 

in every case and serves f irst to e l imi 

nate incorrect measurements. 

A lmost all the present methods of f i lm 

measurement involve a man/machine co l -
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The principle of the Spiral Reader : A radial slit 
(E) projected optically onto a bubble chamber 
photograph moves in a spiral centred on the 
vertex (D) of an event on the photograph. The 
slit measures in polar coordinates the positions 
of those particle tracks which make an angle of 
less than 20° to the radius — all the tracks 
drawn in full on the diagram. The sections of 
track drawn dashed are not measured. This 
eliminates a high proportion of the tracks not 
forming part of the event but can miss also part 
of tracks (C) which are part of the event. 

SR I in operation at Berkeley. In September 1964, 
this became the first Spiral Reader to be used 

in production measurements. It measured its 
millionth picture at the end of last year. 
(Photo LRL) 

Diagram of the CERN Spiral Reader (LSD) 
showing : 

(1) projection table 

(2) film transport 

(3) the system producing the spiral movement of 
the slit (the periscope protrudes from the 
centre of the cone) 

(4) television camera 

(5) mirror positioned inside the cone (not shown 
directly on the diagram, but its position can 
be realized from the trace of reflected light). 

laborat ion. Var ious types of machine wi th 
varying degrees of automat ion are in use. 
They include the lEP's (Instrument for the 
Evaluation of Photographs — see CERN 
COURIER vol . 6, page 7 and vol . 7, page 
185) and the HPDs (see CERN COURIER 
vol . 6, page 7). 

A further method, the Spiral Reader, 
has come to f ru i t ion quite recently. It is 
based on a pr inc ip le wh ich or ig inated at 
Berkeley where two measuring machines 
of this type have been brought into opera
t ion (see below). CERN's Spiral Reader or 
LSD fol lows the same basic pr inc ip le 
though it is di f ferent in many design fea
tures. Human intervent ion is reduced to 
ind icat ing to the machine the vertex of an 
event (at D on Figure 1). 

The LSD takes advantage of the fact 
that the events always have a 'star' fo rm
ation wh ich makes it feasible to survey 
their topography in polar coordinates. The 
pr inc ip le of the device is as fo l lows : A 
radial slit moves in a spiral around a 
point of reference. The spiral is centred on 
the vertex of an event and, by means of 
an opt ica l system, the slit moves over the 
bubble chamber photograph. Each t ime it 
encounters the t rack of a part ic le, a pho-
tomul t ip l ier tube produces a pulse wh ich 
records its locat ion in polar coordinates. 

The advantage of using a slit is that it 
does not record every t rack but only the 
' radia l ' ones. The intensity of the l ight 
passing through the slit varies depending 
upon how paral le l the slit is to the t rack 
and by record ing only the pluses of a cer
tain ampl i tude, (the standard used being 
that cor responding to t racks making an 
angle of less than about 20° to the radius) 
almost all the t racks not forming part of the 
event wi l l be e l iminated. 

The use of a sl i t , however, is a d isad
vantage for those t racks which are heavily 
curved, having an angle of more than 20° 
to the radius at the end of their t ra jectory. 
In such a case, only a part of the length 
of the t rack is measured (the part close to 
the vertex). This is usually adequate 
because the heavi ly curved t racks wi l l be 
low energy part ic les. 

Practical details 

The main components of the LSD are a f i lm 
t ransport system, an opt ical system, a pro-
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Figure 2 

j ec t ion table, c losed-c i rcu i t te levis ion 
g iv ing high magni f icat ion, a spiral scann
ing system, a system for measur ing the 
f iduc ia l marks, a computer and its per i 
pheral equipment. (See Figure 2.) 

Film system and table 

Three f i lms (50 mm f i lm up to now, a l 
though it is possible to modi fy the system 
to take 35 mm fi lm) are wound on the same 
spool and are exposed in paral le l on a 
mobi le, servo-contro l led table. The pos i 
t ion of the table can be measured to 
wi th in 2 n by a Heidenhain l inear coder. 

Optical system 

The l ight used for the pro ject ion is pro
v ided by a xenon lamp and reaches the 
f i lm after ref lect ion f rom a co ld mirror 
wh ich prevents the f i lm f rom being heated. 
The image is then passed through a set of 
Schneider Repro-Claron lenses (0i, O2 and 
O3) and mirrors to the pro ject ion table, the 
spira l scanning system and televis ion 
camera. 

Projection table 

This provides a 10 x magni f icat ion, and 
a l lows the operator to have a general v iew 
of the photograph. A smal l contro l desk 
is at tached to it. 

Television camera 

The camera (manufactured by Grundig) 
pro jects a great ly magni f ied image (200 x) 
of the event, so that the operator can 
super- impose the centre of the spiral very 
accurate ly on the vertex. 

Spiral scan 

This is the dist inct ive feature of the ma
chine. The spiral movement of the sl i t is 

produced by an opt ica l -mechanica l sys
tem. A per iscope moves vert ical ly a long 
the axis of a cone, along the inside wal l 
of wh ich is a small mirror (at 5 on the 
diagram) inc l ined at an angle of 45° to the 
hor izontal . The per iscope-mirror assembly 
revolves at a speed of 900 rpm, wi th the 
mirror permanent ly or iented towards the 
per iscope aperture, which is formed by a 
f ine vert ical slit (50 \i x 1000 The l ight 
ref lected by the mirror enters the per is
cope through the slit and reaches a pho-
tomul t ip l ier via a glass-f ibre guide made 
by Sovis. 

The uni form rise of the per iscope pro
vides the spiral scanning act ion, maximum 
travel being 150 mm corresponding to an 
80 cm radius c i rc le in the 2 m bubble 
chamber. The movement of the per iscope 
and the angle of rotat ion are t racked by 
the Heidenhain coders. The order of accu
racy is 2 [i in radius and (360/129 600)° in 
angle. 

Measurement of the fiducials 

The f iducia l marks on each photograph 
can be measured automat ical ly in one 
s ing le operat ion by means of V-slits con 
nected to four pairs of photomul t ip l iers. 
The equipment is adjusted for a given type 
of bubble chamber and must be readjusted 
if a di f ferent chamber is used. 

Computer 

A PDP 9 together wi th its per ipheral equip
ment (two tape units, teletype, osc i l loscope 
and fast card-reader) is an integral part of 
the operat ion of the LSD. It has a memory 
of 8192 words of 18 bits. Its funct ions are 
— to contro l the f i lm transport , the move
ment of the pro ject ion table and the per is
cope, the automat ic measurement of the 

f iduc ia l marks; to pass instruct ions to the 
machine f rom the operator and to inform 
the operator of any problems on the ma
ch ine ; to record the measurements and 
store them on magnet ic tape. 

Programme 

Construct ion of the LSD is progressing 
to schedule and is now at an advanced 
stage. Tests are under way to deter
mine the prec is ion wh ich the machine can 
achieve. About twenty events have been 
measured and analysed on the CDC 6600. 
A f i l ter ing programme (POOH) adapted to 
CERN standards has correct ly reconst i tu
ted events ' in space ' using the data f rom 
the LSD. Start-up of the machine for 'pro
duct ion measurements ' is p lanned for 
1 Apr i l , 1969. 

Execution on an industrial scale 

A group of Danish, Norwegian, Swedish, 
Austr ian, Bri t ish and Israeli physicists was 
set up in 1967 under the name of the 
'Spiral Reader Purchasers Group' to f ind 
out if there was a company capable of 
manufactur ing the LSD on an industr ial 
scale, using the design developed at CERN. 
The Swedish f i rm of SAAB was f inal ly 
selected and has already received three 
orders (Copenhagen/Stockholm ; Saclay ; 
Vienna). 

The use of the spiral reader technique for 
measur ing bubble chamber f i lm or ig inated 
at the Lawrence Radiat ion Laboratory, Ber
keley, and was pushed to a successful 
conc lus ion under the leadership of Pro
fessor L. Alvarez. The f irst idea came from 
B. McCormick leading to the construct ion 
of a device involving a c i rcular scan of 
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radial sl i ts about a vertex. This was mod i 
f ied to a spiral scan of a single slit in 1960. 
The c i rcui t ry was converted to digi ta l and 
the scanning mot ion was generated by a 
per iscope, a rotat ing cone and the slit. 
In 1964, a PDP-4 computer was integrated 
into the design and in September of that 
year 'Spiral Reader I' began product ion 
measurements. It has been in operat ion 
ever s ince with high rel iabi l i ty and heavy 
ut i l izat ion — its mi l l ionth event was mea
sured on 23 December 1967. 

Construct ion of Spiral Reader II at Ber
keley began in February 1966 and it came 
into service in June 1967. It can measure 
up to 120 bubble chamber events per hour. 
The two Spiral Readers measured over 
one mi l l ion events in 1967. Many impro
vements have been incorporated in the 
second version and of special interest is 
the invest igat ion of a laser system to 
speed up the measurement of short or 
obscured t racks, wh ich have so far requi 
red specia l attent ion f rom the operator. 

The Berkeley Spiral Reader team, under 
F. Solmitz, are also involved in the pro
duct ion of a further Spiral Reader, in 
co l laborat ion wi th the Stanford Linear 
Accelerator Centre, to be used at Stan
ford. 

Direct from the mains 
It was ment ioned in the art ic le descr ib ing 
the Booster in CERN COURIER vol . 8, page 
8, that it may be feasible to power the 
magnets of the four synchrot ron r ings 
d i rect ly f rom the mains. This wou ld do 
away wi th the rotating power supply (mo
tor-al ternator set) which is usually used to 
smooth out the surges of power required 
by the pulsed operat ion of a synchrot ron. 
Rotat ing plant, subjected to the str ingent 
demands of accelerator operat ion, has 
proved to be the most f ragi le part of the 
machine, and the possibi l i ty of d ispensing 
wi th it is of great interest (see CERN COU
RIER vol . 8, page 108). 

The maximum power required for the 
Booster magnets is nearly e ighteen t imes 
lower than that of the PS itself in normal 
operat ion and represents a pulsed load 
wh ich , it has been calcu lated, cou ld be 
borne by the mains supply coming into the 
CERN Laboratory. Obviously, however, 

exper imental tests were needed before the 
possibi l i ty could be pursued further. 

Advantage was therefore taken of the 
PS shutdown to carry out such tests, wi th 
the cooperat ion of the Geneva electr ic i ty 
authori t ies, on 15 and 16 August. Since the 
Booster magnets are not yet avai lable, the 
PS ring was used, pulsing the magnets at 
a lower vol tage (3 kV) than normal. This 
s imulated (though not exactly) the pulse 
condi t ions wh ich wil l prevail for the 
Booster. 

Tests took p lace at the t ime of peak 
electr ic i ty load dur ing the day and of min i 
mum load dur ing the night. Repeti t ion 
rates of 3, 4, 6 and 9.9 s were used. 

The inf luence of the pulses was measu
red at di f ferent points in CERN and on the 
Geneva gr id . The measurements were con
cerned with f requency variat ions, vol tage 
f luctuat ions and variat ions in the power 
suppl ied by the generators. The results 
were analysed on the ATLAS computer in 
the UK using the BOMM computer pro
gramme for t ime series analysis. 

The results of the tests were — 

a) Frequency variat ions 

The maximum value of the f requency var i 
at ion induced by the pulses did not exceed 
0.01 % corresponding to a peak-to-peak 
var iat ion of 0.005 Hz under normal cond i 
t ions. This value is of the same order as 
the usual 'noise' on the mains supply 
wi th in the f requency range of the pulses. 

b) Vol tage f luctuat ions 

The vol tage f luctuat ions measured on the 
CERN site dur ing the tests were higher 
than could be tolerated by some other 
CERN users. If the Booster magnets are 
suppl ied from the mains it wi l l be neces
sary to include a compensat ion system to 
hold the vol tage steady. 

c) Effect on the generators 

It proved dif f icul t to detect any effect on 
the generators supply ing the gr id . The 
measurements made at the Verbois and 
Chancy hydro-electr ic generat ing stat ions 
showed no var iat ion — the inf luence of the 
pulses was too smal l to give any def lect ion 
on the recorders. 

Thus the exper imental results have lar
gely conf i rmed the theoret ical predict ions 
and were even better in some respects. 

They have proved that it is feasible to 
connect the Booster magnets to the mains. 
It cou ld provide important exper ience for 
the possible connect ion of the 300 GeV 
magnet to the mains. 

Cross-channel link 

Another important test of the abi l i ty of 
e lectr ic i ty networks to take large pulsed 
loads was carr ied "but on 20 - 21 June. 
The power author i t ies of France (Electr i 
ci té de France) and the United Kingdom 
(Central Electr ic i ty Generat ing Board) pas
sed a series of pulses of 80 - 160 MW 
over the in terconnect ing cross-channel 
submar ine cable (d.c. l ink). 

CERN, Daresbury and Rutherford col la
borated wi th the CEGB and EPF in the 
f requency measurement programme and 
the analysis of the pulse- induced f requency 
d is turbance was done at the Atlas Compu
ter Laboratory using the BOMM program
mes. The efforts of the two large national 
power author i t ies in mount ing this exper i 
ment on their systems and further ing our 
interest in this subject are greatly appre
c iated. 

The tests were conducted under cond i 
t ions of peak and of min imum load on the 
networks, passing a series of square pu l 
ses at three dif ferent f requencies. The 
maximum observed f requency change 
induced by the pulse exchange was 0.05 % 
measured in the UK and 0 . 0 3 % measured 
at CERN. Figures of this order are l ikely to 
be complete ly acceptable to nat ional 
power authori t ies, yet they resulted f rom 
condi t ions more severe than would be 
required for the 300 GeV magnet power 
supply. 
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E6&6 offers the most complete line 
of high performance nuclear modules 
available for immediate delivery 
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New 25-ps Sampling Oscilloscope 
Four new Sampling Heads provide new measurement capa
bilities in Tektronix Type 561A, 564, 567 and 568 Oscilloscopes. 
Used with the Type 3T2 Random Sampling Sweep and the Type 
3S2 Dual-Trace Sampling Plug-In Unit, the six Sampling Heads 
offer a step ahead in the measurement performance, designed to 
meet customers changing measurement needs. 

Previously announced Sampling Heads include the Type S-2, 
featuring a 50-ps risetime and the Type S-1, featuring a 350-ps 
risetime and an unexcelled transient response. 

TïPt mk OSCILLOSCOPE 

25-ps Sampling Head 
The new Type S-4 Sampl ing Head fea

tures a 25-ps r iset ime^and DC-to-14 GHz 

bandwidth . This 50-Q Sampl ing Head gives 

increased detai l and resolut ion making 

fast pulse measurements. 

Sampling Probe Head 
The new Type S-3 Sampl ing Probe Head 

has 350-ps r iset ime and an input im

pedance of 100 KQ paral le led by 2.3 pF. 

The type S-3 is des igned to measure high 

impedance signal sources and is easy to 

use when prob ing into miniature c i rcui ts. 

25-ps Pulse Generator 
The new Type S-50 Pulse Generator Head 

has a 25-ps r iset ime and features high 

resolut ion, 35-ps TDR measurement when 

used wi th the Type S-4 Sampl ing Head. 

Powered by the 3S2 Plug-In or Type 285 

Power Supply. 

18 GHz Triggering 
The new Type S-51, 1-to-18 GHz tr igger 

countdown unit provides stable osc i l lo

scope t r igger ing to 18 GHz and displays 

to 14 GHz and above wi th the Type S-4 

Sampl ing Head. Powered by the 3S2 Plug-

In or Type 285 Power Supply. 

TEKTRONIX INTERNATIONAL AG 
Tel. 042/49192 (219192) 6301 ZUG 
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c h e c k t h e s e 

l a t e s t i n n o v a t i o n s 

f r o m L P S 

Staying abreast of latest technological developments is no easy 
task. Particularly in a frontier-probing discipline like nuclear re
search. Here, instrumentation developers, like the researchers 
they serve, are constantly probing the threshold of the state of the 
art. And new instrument breakthroughs come rapidly. • If you have 
not heard about these latest instrument innovations from LRS, take 
just a moment to update your thinking. If you are interested in 
detailed technical information, simply check the appropriate boxes . . . 
clip page to your card or letterhead . . . and mail back to LRS today. 

t h e n e w e s t o f t h e n e w : 

« 0 • 9 • • 
Model 143B 
GATED DIGITIZER 

Generates pulse train of 
length propor t ional to 
amplitude or area of na
nosecond input pulse. 
Compatible with all scal
ers. 

Input Full Scale: - 1 volt 
(Peak Mode); - 7 . 5 volt-
nanoseconds or equivalent 
pulse area (Area Mode). 
Linear Gate: Normally off; 
3 ns opening and closing 
times. Clock: Crystal con
trolled. Outputs: Fast logic 
outputs: -750 mV; slow 
logic output: + 4 volts In
to 5012. 

Model 2 2 5 
8-CHANNEL 
2-FOLD FAN-IN 

Linearly mixes two input 
signals at rates to 200 
MHz at each of 8 inputs. 
No duty cycle l imitations. 
O u t p u t s a r e d i r e c t 
coupled current sources 
providing a gain of 1.0 
over dynamic range. 
Inputs: Two per channel, 
d i rec t coupled. Linear 
Range: 4-100 mV to —1.5 
vol ts. Outputs: One per 
channel; 1.0 ns rise and 
fall time. Gain: Input to 
output, 1.0 into 500. 

** # # 

%i # 

« IS 

- S t 

Model 1 7 0 
6-CHANNEL GATED LATCH 

Six independent latch c i r c u i t s , 
store slow logic voltage level in
dicating coincidence events be
tween channel input and com
mon gate input. Separate fast 
logic outputs permit additional 
immediate use of coïncidence in
formation in logic system. 
Inputs: 6 plus common gate; 2 
paralleled BNC connectors permit 
reuse of gate signal. Buffer Reg
ister Outputs: 0 and 4-4 volts; 
duration same as readout strobe; 
via rear connector. Fast Logic Out
puts: One per channel; —16 mA 
during output; duration internally 
adjustable from 10-1000 ns. 

• 
Model 2 0 8 
MULTI-MODE TIME-TO-
HEIGHT CONVERTER 
Measures time intervals from 
50 ns to 50 /is (50 ms optional). 
The THREE operating modes of
fer long-term data storage (Ana
log Storage Mode), sequential 
t ime measurements (Mul t ip le 
Stop Mode), and a prompt read
out (Normal Mode). 
Inputs: Start, Stop, Inhibit, Output 
Command; all DC coupled. Time 
Ranges: 10, 50 ns to 50 /is. Out
puts: 4- 10 volts for analyzers, 
± 1 volt into 5012 for ADC'S; sep
arate duration and deadtirne con
trols. Control Outputs: Complemen
tary, 0 and 4*4 volts, for routing 
signals or tape control. 

Model 1 2 4 S 
GATED PULSE STRETCHER 

Provides fast eff icient pulse 
stretching for adapting nano
second pulses for use with 
MCA. Built-in linear gate. Out
put proportional to area of in
put, 
Input Full Scale: - 500 mV for 
5 ns or equivalent. Linear Gate: 
Normally c losed, - 6 0 0 mV 
opens. Full Scale Output: 4-10 
volts into high impedance; 4-5 
volts into 500. Output Charac
teristics: Risetime 100 ns; fall 
t imes , swi tch se lec ted, t ime 
constants 1 and 3 #s. Nonline-
ari ty:* l% integral. 

Model 5 2 0 
DUAL 1 0 0 MHz 
SYSTEM SCALER 

Designed for system appl ica
tions, this compact AEC module 
uses centralized nixie display to 
reduce system size and cost. 
Counting in binary, with octal 
readout (decimal too, if desired), 
Model 520 is directly compatible 
with magnetic tape units and on
line computers. 

Input: Built in discriminators; 
threshold variable from —.250 to 
2.5 volts; 500 impedance. Fast In
hibit: 3 ns opening and closing 
time. Double Pulse Resolution: 10 
ns. Capacity: 24 bits (1.7 x 10 7 in 
decimal). Controls: Inhibit/enable, 
clear, strobe and threshold. 

• Model 2 2 4 - 100-CHANNEL FAN-OUT 

Rack-mounting, line-powered fan-out delivers one hundred simultaneous fast logic pulses 
into separate 50** loads. Output duration slaved to input duration or variable, 500 ns to 
5 ASS. Excellent system blanking pulse generator. 

L R S 

LeCROY RESEARCH SYSTEMS 
C O R P O R A T I O N 

Rte. 3 0 3 , W . Nyack, N.Y. 1 0 9 9 4 - ( 9 1 4 ) 3 5 8 - 7 9 0 0 

INNOVATORS IN INSTRUMENTATION 



Everything is new! 
Only the name has not changed: Ion Getter Pumps 

A new range of ion getter pumps was designed, fol lowing research work by our physicists and engineers. Only 
the name is unchanged. W e can now offer the fol lowing advantages: • Extremely wide range of application be
cause of quick starting at 10"3 Torr and total pressure below 10~11 Torr • High argon stabil i ty — 3 0 % of the 
pumping speed for nitrogen— because of a newly designed cathode arrangement and a di f ferent combination 
of materials • Extended l i fetime because of special anode surfaces —flake formation is eliminated— • Pump can 
be baked with its magnet to 400° C • Also available is a single unit with 120 Itr/sec pumping speed • Price per 
Itr/sec extremely low • Low operat ing cost • Power supply units available at competi t ive prices • Because of a 
second f lange easy access to the inside of the pump even when installed • Second f lange can be used also 
for f i t t ing evaporator pump or inside heater or starter pump • Our c. f. f lange system is identical to confiât 

system • These are decisive factors. This justif ies your enquiry. 

Q E Y B O L D - H E R A E U S 

L E Y B O L D - H E R A E U S G M B H & C O 5 KO L N - B A Y E N T A L • POSTFACH 195 
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S.A. 

2, chemin de Tavernay, Grand Saconnex 
1218 G E N E V E 

Techn ica l l ia ison, supply and maintenance 

cent re for : 

N U C L E A R ENTERPRISES LTD 

LABEN, S I M T E C , C.S. ITALIA 

20th C E N T U R Y E L E C T R O N I C S LTD 

L A N - E L E C T R O N I C S LTD 

S C I E N T I F I C A & C O O K E L E C T R O N I C S 

LTD 

C O M P U T E R I N S T R U M E N T A T I O N LTD 

D.A. P I T M A N LTD 

J O H N S T O N L A B O R A T O R I E S I N C . 

S C I E N T I F I C R E S E A R C H I N S T R U M E N T S 

C O R P . 

E L E C T R O N I C S & A L L O Y S I N C . 

T H E C Y C L O T R O N C O R P O R A T I O N 

The equ ipment manufac tu red by our Pr inc ipals is wel l known at leading 
Research Cent res , Univers i t ies , Hospi ta ls and Industr ia l Establ ishments 
th roughout the wor ld . Nuclear , health & Med ica l Physics, Nuclear Med i 
c ine, Li fe Sc iences and Industr ia l Nuc lear Laborator ies can be furn ished 
comple te ly and you can cal l on the vast knowledge and resources of our 
Pr inc ipals to do all your system and equ ipment p lanning f ree of charge. 
W e can put you in touch wi th Physic ists, Chemis ts , Med ica l Spec ia l is ts , 
Engineers and Admin is t ra to rs who recent ly have comp le ted the type of 
equ ipment survey wi th wh ich you may now, or soon wi l l be, faced — save 
your t ime and your organ isa t ions ' money by con tac t ing HENESA. 

NĈFV ' s p leasure that we announce our appo in tment as the exclus ive representa t ive of Nuc lear Enterpr ises 

onnn in tmont ' n Spa in , where we already have resident consul tants and a communica t ions cent re in Madr id (see 
3PP0iniiïl6ni under te lephone and telex numbers) . A branch of High Energy & Nuc lear Equ ipment SA is current ly be ing 

es tab l ished in Madr id and others wi l l be opened elsewhere in the fu ture. 

Telephone numbers : 

Geneva : 022/34.17.07 /05 
Madr id : 257.22.00 (ask fo r Miss Johnson, 

S teno Serv ices) 

Telex numbers : 

Geneva : 23429 answer back "s t i f f c h " 
Madr id : 27686 answer back "h i lma e " 

(attention»: Miss Johnson Steno 
Serv ices) 

!/3G3îlCiBS Consu l tan ts and e lec t ron ics eng ineers (par t - t ime) — W e wish to appo in t a number of universi ty Professors 
and heads of depar tments of physics — exper imenta l and medica l , and graduate e lec t ron ics engineers or 
highly exper ienced techn ic ians in var ious parts of Swi tzer land and Spain wi th a f ew hours per month t o 
spare. Please te lephone or wr i te (in Engl ish), in conf idence, fo r more deta i ls if you are in terested. 

cross-
referred 
to 
suppl iers: 

NUCLEAR ENTERPRISES LTD - Offer the widest nucleonic product range in the world, have the largest research and development 
group in the f ield in Europe and provide equipment for nuclear, high energy, health and medical physics, biochemistry, bioengi
neering, nuclear medicine, reactor control and monitoring in addition to industry. Nearly every requirement can be provided from 
normal production and when this is not possible, equipment can be custom designed and manufactured specially. Nuclear Enter
prises incorporates companies formerly known as Isotope Developments Ltd, the Nucleonics Division of EMI Electronics Ltd. and 
the Nucleonic Interest of the Baldwin Instrument Company. 

LABEN - The name is synonymous with kicksorters - the fastest, most stable, linear and reliable available - but they are also well 
known for their fast ADC's — used with most computers — spectrum stabilisers, t ime-of-f l ight units, telemetry systems etc... 

SIMTEC — Sil icon detectors and electronics for research and educational applications in use in more than 40 countries. They are 
also used in space vehicles and defence devices. Their latest product is the S-211 low cost spectrometer for use with semiconductor 
detectors : hundreds wi l l be installed soon in Canadian and American universities and a large number wi l l be used for research as 
well as teaching. We represent SIMTEC for a large part of Europe (Belgium, Bulgaria, Czechoslovakia, Hungary, Poland, Portugal, 
Rumania, Spain, Switzerland and Yugoslavia). 

C. S. ITALIA — The manufacturer of the highest precision plated printed circuits, with plated through holes, in Europe. The 
more diff icult the job -multilayer circuits, for example, the more interested they are in undertaking the work. Please send drawings 
and/or masters directly to C. S. ITALIA, 48 Via Saorgio, TORINO /Italy. 

20th CENTURY ELECTRONICS LTD — design and manufacture a wide range of special radiation detectors and vacuum measuring 
equipment, electron tubes and components, metal/ceramic seals, image intensi f ies and converters, f issi le coated foils and stable 
isotopes, complete range of mass spectrometer leak detectors, one automated version wi l l ' look at' any small sealed objects at 
the rate of 10 000/hour. Their latest development is a quadrupole mass spectrometer, Q 806. This has an excellent specification 
and is a lot less expensive than most other similar equipment. It is already installed at several leading European research cen
tres and production is having to be expanded rapidly to keep pace with the demand. 

LAN-ELECTRONICS LTD — are best known for their wide range of large screen low cost monitoring oscil loscopes for use with data 
systems, computers, kicksorters etc... but they also make a pre-arrestor cardiac monitoring computer. 

SCIENTIFICA & COOK ELECTRONICS LTD - applied physics laboratory equipment including low cost lasers, power monitors, spa
tial pinhole f i l ter, brewster windows, 2 " and 4 " bi-axial f ield electromagnets, 12-channel micropumps, colony counters, cell counters, 
thermoblocks and syringe pumps. They also specialise in NMR and ESR spectrometers and can supply all associated equipment, 

COMPUTER INSTRUMENTATION LTD - European leader in computer peripherals — printers, incremental plotters, data processing 
systems, including ADC's, DAC's etc... The incremental plotters have been used with all well known computers but also have appli
cations in technical and commercial work of virtually all disciplines. 

D. A. PITMAN LTD — Outstanding performance Blood Volume Computer widely used in hospital accident surgical, burns, medical, neu
rological, maternity and veterinary units. Direct read-out in litres and accurate determinations possible within 15 minutes. Also manu
facture low cost placenta monitor and a range of useful radiation monitors for special requirements. 

JOHNSTON LABORATORIES INC - well known manufacturer of precision equipment for vacuum and gas analyses and monitoring: 
their focused mesh multipl iers, which can be reactivated, form the 'heart' of mass spectrometers manufactured by many other orga
nisations and at research establishments. 

SCIENTIFIC RESEARCH INSTRUMENTS CORP. - Best known for their outstanding work in developing and manufacturing a medical 
mass spectrometer for cl inical blood, tissue and respiratory gas monitoring. This system is now in use at many leading North Ame
rican hospitals and cl inics and would be of great interest to medical specialists in Europe. 

ELECTRONICS & ALLOYS INC. — Deep f ield photographic microscopes (black and white or colour) capable of examining non-planer 
objects with all portions of the image in exact focus. This is of great interest to researchers and lecturers in medicine, solid state 
physics, geology, metalurgy etc... Electronics & Alloys are the world leaders in precision evaluation analyses instrumentation and 
many of their products form the delicate mechanisms of other manufacturers' systems. They also make their own neutron and X-ray 
diffractometers etc... 60 or more precision mechanical devices such as the well known low cost eucentric goniometer, the expensive 
full cycle goniometer etc... are included in this range. 

THE CYCLOTRON CORPORATION — Small cyclotrons and associated equipment for nuclear structure investigation, medical physics, 
nuclear chemistry, activation analyses and biochemical research, teaching and isotope production. Guaranteed beam energy 22MeV 
protons, 12MeV deuterons, 30MeV helium3 and neutrons up to more than 30MeV. Beam current at least 50 microamps. The compact 
cyclotron can be contained in a room 4x4x3 metres. 

Ronald S. Stiff - Managing Director 
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Small Type 
Relays 

Series K40 

Low contact resistance and rel iable contact making 

wi th twin contacts 

Short bounce t ime 

Extremely high life expectancy 

Smal l d imensions 

2 to 6 change-over contacts 

Print and solderable types avai lable 

Low pr ices 

V a r i o u s t y p e s f r o m s t o c k 

Dimensions: 

MINIRID A 
MINIRID B 

MINIRID C 

MICRORID A 

MICRORID B 

MICRORID C 

Reed-Relays 

Series M 

Miniature and 
Micro-Executions 

0 8 X 12 mm 

0 8 X 18 mm 

0 8 X 23 mm 

0 6 X 12 mm 

0 6 X 18 mm 

0 6 X 23 mm 

Operat ing vol tage 2 ... 24 V DC 

Max. swi tch ing power 

vol tage 

current 

28 W 

500 V 

1 A 

E R N I 

Que votre problème de mesure 
soit analogique ou digital 

c'est l'affaire de 
SCHLUMBERGER! 

Oscilloscope 
double trace 
mod. C D 1400 

D'une concep t i on modu la i re , ce t osc i l l oscope est d i spo
nible avec 9 t i ro i rs in te rchangeab les . Largeur de bande 
DC-15MHz, sens ib i l i té max. 100 j i v / c m # 

Multimètre 
numérique 
mod. A 1613 

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

Suiveur de spot 
enregistreur 

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

S C H L U M B E R G E R 
INSTRUMENTATION S.A. 

GENEVE 

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

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

E R N I + Co. E l e k t r o - I n d u s t r i e 
C H - 8 3 0 6 B r ù t t i s e l l e n - Z ù r i c h 
T e l e p h o n 0 5 1 / 9 3 1 2 1 2 
T e l e x 5 3 6 9 9 
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nota 
tall 
story! 

NE 110 Plastic Scintillator really does have an attenuation length of over 
2.5 metres. This new scintillator, with light transmission superior to that of any other 
available plastic scintillator, is especially recommended for use with large area sheets 
and large volume scintillators. It is resistant to crazing and has long term stability 
against ageing and radiation damage. 

Technical data :- Light attenuation : 0.004/cm; Light output : 58% anthracene 
or 90% relative to NE 102A; Decay constant : 3.3 x 10"9~s. 

Full details on request from : 

NUCLEAR 
ENTERPRISES LIMITED 
S i g h t h i l l , Edinburgh 1 1 , Scot land. Tel : 0 3 1 - 4 4 3 4 0 6 0 . Telex 7 2 3 3 3 . Cab les 'Nuc lea r ' Edinburgh 

Bath Road, Beenham, Reading, England. Tel : W o o l h a m p t o n 2 1 2 1 . Telex 84475 

Associate Company: Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California 94070, U.S.A. 

Swiss Agents : HIGH ENERGY AND NUCLEAR EQUIPMENT S.A. 
2, CHEMIN DE TAVERNAY 
GRAND-SACONNEX 
1218 GENEVA 
Tel. (022) 3 4 1 7 0 7 / 3 4 1 7 0 5 . 
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A g e n t s & d i s t r i b u t o r s 

Natural and 
synthetic rubber 

Plastic materials 

Power transmission 
elements 

Sealing specialists 
(GACO) 

G E N E V A Z U R I C H M I L A N O 

Mattel 
TECHNIQUES DU VIDE 

22, avenue Edouard Herriot, 
92-Le Plessis-Robinson (France) 

Composants vides 

(pompes primaires, pompes roots, pompes à dif
fusion d'huile, vannes, appareils de mesure, acces
soires, groupes de pompage). 

Thermique sous vide 

(fours à induction, fours à résistance, fours à bom
ba rdemen t é l ec t ron ique , tou tes ces installations 
étant automatiques et programmées). 

Détection de fui te à l ' ï jél ium 

Chambres de simulation spatiale 

Manufacturer for the Construct ion 
o f Electric Furnaces 

3, r u e d e s C r a s 

25 B E S A N Ç O N 

T é l . (81) 80 36 49 

D o u b s - F R A N C E 

Continous belt conveyor furnaces with 
controlled atmosphere for hot forming, 
annealing, brazing, hardening, 
(bright tempering) carburizing, 
carbonitriding (air quenched steel and 
stainless stell). 

Four avec bande convoyeuse pour grosses quantités 
Forno con battistrada automatica per grandi quantità 
Horno con banda transportadora automatica para grandes cantidades 
Continuous belt conveyor furnace for big quantities 
Ofen mit Transportband fur grosse Mengen 

Piec z tasma^ konwojow^ dla wielkich ilosc 
rieHb C J lbHTOHHMM KOHBeHepOM flJÏH ÔOJlb lUHX Ka^eCTB 

Export to the whole World. 
Supplier : Industry, Universities, 

Schools, Aeronautic, Aérospatial. Figure 5 
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HOW TO MAKE A BIG COMPUTER SYSTEM 
FROM A TINY $ 10.000 MACHINE? 

Simply attach several magnetic tape units to your real 
time computer using a SEN Interface 

Disp layed above is an in te r face to the VARIAN DATA M A C H I N E S 620 i c o m p u t e r d e s i g n e d to con t ro l up to four (4) IBM 2400 
se r i es magne t i c t ape t ranspo r t s . Th i s in te r face has an e labora te and c o n v e n i e n t data t rans fe r log ic . Data f low to or f rom the 
m e m o r y is unde r con t ro l of two A d d r e s s Reg is te rs (Trap Transfer ) . To wr i te a r eco rd , for e x a m p l e , t he init ial and f inal a d d r e s s e s 
of the m e m o r y por t i on f rom w h i c h the data has to be taken are set into the c o r r e s p o n d i n g reg is te rs . T h e n a wr i te ins t ruc t ion is 
g i ven and the wr i te p r o c e s s g o e s a l ong w i thou t fu r ther p rog ram con t ro l . The e n d of each tape ope ra t i on can be s igna l i zed by an 
in te r rup t . 
A s k SEN to k n o w more abou t th is in te r face and to see how it wi l l boos t the use fu lness of you r c o m p u t e r and ease the w o r k of 
y o u r p r o g r a m m e r s . 

SUMMARY OF SPECIFICATIONS 
• 7 t rack IBM Recording • 8 instruction codes for Read-Wr i te -Tape motion operat ions 
• High or Low Density • 8 instruction codes status sensing 
• Inter face assembles BCD or binary characters from • 3 instruction codes for the Memory Address Registers 

mach ine words (ei ther 16 or 18 bit mach ine words) • Interrupt avai lable at the end of each tape operat ion 

S E N 

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

Representatives throughout Europe and The United States 
3 1 , Av. Ernest -P ic te t / 1211 GENEVA 13 / Sw i t ze r land / Te l . ( 022 )44 2 9 4 0 
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V 

T D C 1 6 B I T 

T H R E S H O L D R E S E T ; 

HIDAC means easy and 
reliable high speed data 
acquisition ! 
The HIDAC system applies to spark chambers, hodoscopes, spectrometers 
and time of flight measurements. It is kept up to date even in some years 
by the permanent introduction of new modules, which helps to automise 
and expand your experiment. 

L O O t € : 

' . f ' 

O F F R E A D 

4 > 

F I C K U P 

0 ¥ I R 

F L O W 

Time to Digital Converter 909 
The TDC 909 consists of two inde
pendent channels for digitizing the 
sonic transit time of spark cham
bers. It consists of a special discri
minator input-circuit giving low jitter 
triggering of the subsequent 16 bit 
binary scaler, which counts the pul
ses from a clock-generator with a 
maximum speed of 20 MHz. The 
threshold of the input-discriminator 
is variable from 0,5 to 4,5 Volt in 
steps of a 0,5 Volt. For multiple-spark-
detection with wire-spark-chambers, 
a special overflow-output is provi
ded, by passing the second and all 
the following pick-up signals, which 
can be used to trigger second or 
further channels. In this way there 
is no limit to the multiple-spark-de
tection by switching TDC's in cas
cade. The double-spark-resolution 
is 0,5 jus or 2,5 millimeters for wire-
spark-chambers. Using the LOOK-
button the contents of this 16 bit 
binary scaler are displayed on the 
central control unit in decimal form. 

The HIDAC Data Acquisition System 
is designed for collection of all 
data in experimental high and low 
energy nuclear physics. Many spe
cial units are available for particu
lar applications, such as recording 
of data from spark chambers, Ho-
doscope-arrays, time-of-flight mea
surements, pulse-height information 
and counting-rates up to 100 MHz. 
This equipment was conceived from 
the many special units over the last 
few years, together with the latest 
requirements for ON-LINE control. 
Our programme does not only con
sist of a single component for the 
system, but we have a fully integra
ted range from spark chambers to 
interface of computers. We do not 
claim to have developed this system 
entirely ourselves, but with the help 
of our many customers it therefore 
covers most the requirements in the 
field. 

On the left one the modules is 
introduced. 

Great Britain: 36 East Street, Shoreham-by-Sea, 
Sussex 
Telephone 4305 
Germany: Verkaufsbùro Munchen, Kaiserstr. 10, 
D-8000 Mùnchen 23 
Telephone 34 80 16 
France: Sorel ia Electronique, 150 rue de Chatou, 
92 Colombes 
Telephone 782.16.39-782.32.79 b©rer 

E L E C T R O N I C S 

Switzerland: Heidenhubelstr. 24, 
Solothurn 
Telephone 065/2 85 45 


