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53rd Session of CERN Council 
The Council met on 18, 19 December under 
the Presidency of Professor W. Gentner 

The Counc i l Session opened w i t h the 
reports f rom the Directors General — 
W.K. Jentschke for Laboratory I and 
J .B . Adams for Laboratory I I . S ince 
w e covered the const ruc t ion of the 
4 0 0 GeV synchrot ron of Lab. II in the 
December issue, w e concentrate here 
on an abr idged version of the ta lk of 
Professor Jentschke main ly devoted to 
the developments in part ic le physics: 

Performing an exper iment is l ike 
open ing a w i n d o w look ing out into 
the physical w o r l d . It br ings n e w 
features into v i ew and helps us to 
understand the nature of the w o r l d 
in w h i c h w e live. In h igh energy 
physics, exper iments are used to bu i ld 
a picture of the basic forms of matter 
and of the forces w h i c h determine the 
characterist ic structure of the w o r l d . 
Jus t as the percept ion of beauty in 
a pa int ing depends upon appreciat ion 
of the relat ionships be tween the 
colours and shapes in its compos i t i on , 
so our present unders tanding of 
Nature depends upon seeing re lat ion­
ships between the v iews offered by 
many dif ferent exper iments. Over the 

ast f e w years, the v i e w th rough our 
w i n d o w s has been chang ing rapidly 
and 1974 may come to be seen as a 
landmark in our unders tand ing of 
elementary particles. 

The main top ics of th is survey are 
our present ideas on the possible 
internal structure of the nuc leons ( the 
proton and neutron) and the search 
for an under ly ing un i ty of the three 
forces in particle physics: the weak 
force (responsible for radioact ive 
decay) , the e lect romagnet ic force 
(responsible for fo rm ing atoms and 
molecules) and the s t rong force 
(responsible for b ind ing nuc leons to 
fo rm nuc le i ) . Unt i l recent ly, these 
forces have looked very di f ferent f rom 
one another but n o w , for the f irst 
t ime, w e can see that they cou ld be 
di f ferent facets of a s ingle basic fo rm 
of interact ion. 

25 years ago the term 'elementary 
part ic le' had a relatively s imple mean­
ing. Only a f e w particles were k n o w n ; 
their roles seemed — w i t h some 
except ions — fair ly evident and the 
task of the physicist was to under­
stand the forces between them. W e 
are n o w conf ronted w i t h a t remendous 
prol i ferat ion of hadronic states (par­
t ic les w h i c h interact via the st rong 
fo rce ) . A very important part of our 
research programme at CERN has 
been the s tudy of these states. This 
careful and painstaking programme 
has assembled an impressive body of 
detai led in format ion w h i c h is essential 
for complete tests of the theories 
w h i c h at tempt to provide a f rame­
w o r k for understanding such a c o m ­
plex array of particles. 

This w o r k is by no means over — a 
number of important quest ions remain 
to be answered but, nevertheless, a 
remarkable synthesis of all th is infor­
mat ion is provided by a theory w h i c h 
is extraordinar i ly successful even in 
its most naive fo rm. In this model , the 
observed hadronic states are assumed 
to be composed of three basic ' bu i l d ­
ing b locks ' cal led quarks. Put t ing 
these quarks together accord ing to 
certain rules, the propert ies of the 
many dif ferent observed hadron states 
can be reproduced in remarkable 
agreement w i t h the data. In part icular 
the nucleons w o u l d conta in three 
quarks, wh i l e mesons w o u l d be fo rmed 
f rom quark and ant iquark pairs. 

There is a very good analogy w i t h 
the a tom, in w h i c h the s tudy of a tomic 
spectroscopy — the analysis of the 
l ight emi t ted by atoms chang ing f rom 
one state to another — revealed the 
detai led electronic structure of the 
a tom. The spectroscopy of nuclear 
energy levels also to ld us about the 
compos i t i on of the nucleus. S im i ­
larly, by systematic studies of the states 
of hadronic matter, w e gain clues 
about their internal structure. A lso , 
another type of exper iment has recently 

y ie lded str ik ing discoveries w h i c h tel l 
us about nuc leon structure. 

Results obta ined a f e w years ago 
suggested that there are po in t - l i ke 
const i tuents (partons) w i t h i n the 
nuc leon ; these are required to explain 
the character and h igh occurrence of 
events in w h i c h the electron is 
def lected by a large angle on h i t t ing 
the nuc leon. These experiments probed 
the nuc leon structure as revealed by 
the e lectromagnet ic interact ion. A t 
CERN w e have performed exper iments 
in the heavy l iqu id bubble chamber, 
Gargamel le, using a beam of neutr inos 
w h i c h interact w i t h the nucleon on ly 
via the weak force. The neutr ino 
results are also most easily expla ined 
by the presence of partons w i t h i n the 
nuc leon , th is t ime prob ing the st ruc­
ture as revealed by the weak inter­
act ion. 

The data obta ined in these electron 
and neutr ino exper iments can be 
interpreted in some detail since the 
forms of the electromagnet ic and 
weak interact ions are qui te we l l 
unders tood. W e are led to an extra­
ord inary result: these t w o exper iments, 
di f ferent in almost every respect 
except for the c o m m o n target — the 
nuc leon — can be explained w i t h 
surpr is ing success by a s imple model 
in w h i c h the partons have just the 
same propert ies as the quarks p ro­
posed as nuc leon components by the 
analysis of hadron spectroscopy. The 
results of the SLAC and CERN nuc ­
leon scatter ing exper iments can be 
taken together to 'measure' the parton 
electr ic charge and the values agree 
w i t h the presence of three quarks 
hav ing the expected fract ional charges 
(i.e. 1/3 or 2 / 3 of the charge on an 
e lec t ron) . 

Turn ing to h igh energy col l is ions 
be tween protons, experiments at the 
CERN Intersect ing Storage Rings have 
s h o w n that in the strong interact ions 
also, effects occur w h i c h can be 
at t r ibuted to the presence of po in t -

3 



l ike const i tuents. This f o l l ows f rom 
the discovery of processes in w h i c h 
hadrons are emi t ted w i t h h igh m o ­
men tum at large angles to the l ine of 
col l is ion over 10 000 t imes more 
f requent ly than expected. Studies of 
th is phenomenon have con t inued , for 
example using the large Spl i t Field 
Magne t where the momenta and 
charge of many of the accompany ing 
particles has been measured. The first 
results s h o w that a neutral p ion of 
h igh transverse momen tum is of ten 
accompanied by a posi t ive part icle, 
also of h igh m o m e n t u m , go ing in 
approx imat ive ly the opposi te direc­
t i on . This is w h a t w o u l d be expected 
f rom 'hard ' col l is ions between po in t ­
l ike const i tuents of the quark type 
f rom w h i c h the proton cou ld be bui l t . 

1974 brought conf i rmat ion of the 
discovery at CERN of the neutral 
current interact ion. It is of the greatest 
impor tance in our understanding of 
one of the basic forces of nature and 
may lead us to a un i f icat ion of the 
theories of the weak and e lect ro­
magnet ic interact ions. This w o u l d be 
a synthesis as p ro found as that 
achieved by Maxwe l l w h e n he un i ted 
the phenomena of electr ic i ty and 
magnet ism in one theoret ical f rame­
work . 

The result also comes f rom the 
exper iment in w h i c h Gargamelle was 
exposed to a beam of neutr inos. Prior 
to th is exper iment, the weak inter­
act ion was bel ieved to have on l y the 
charged current fo rm — a neutr ino 
( w h i c h carries no electric charge) 
w o u l d a lways change into a charged 
lepton w h e n interact ing w i t h matter. 
The Gargamelle exper iment saw inter­
act ions due to neutr inos in w h i c h a 
charged lepton was not created and 
the neutr ino is presumed to remain 
unchanged. 

The neutral current interact ion has 
impor tant impl icat ions in other areas 
of physics (for example, in astro­

physics to expla in the energy loss 
process and the col lapse of stars to 
fo rm supernovae) in add i t ion to the 
possibi l i ty of a uni f ied theory of the 
weak and e lectromagnet ic forces. 
A t tempts to f i nd such a theory led to 
the suggest ion that this fo rm of inter­
act ion m igh t exist. The discovery may 
also have impl icat ions for nuc leon 
structure and be related to the exist­
ence of n e w forms of matter. 

As w i t h most discoveries it poses 
many n e w quest ions. Charm enters 
the f ie ld of part icle physics for the 
f irst t ime! Before the discovery of 
neutral currents, it was t hough t that 
one of the best tests of the existence 
of this interact ion was prov ided by 
the decay of neutral kaons into t w o 
muons. The search for this decay 
revealed that it occurs much less 
f requent ly than it shou ld if the neutral 
current fo rm of the weak interact ion 
Is impor tant in Nature. W e are thus 
faced immediate ly w i t h a serious 
d i f f icu l ty : W h y does the kaon not 
decay more of ten to t w o muons? 

There is an impor tant di f ference 
between the kaon decay process and 
the neutr ino interact ions. The kaon 
has an at t r ibute, or quan tum number, 
cal led strangeness — it carries one 
unit of strangeness wh i l e t w o muons 
have zero strangeness. In the decay, 
therefore, the strangeness changes by 
one unit . In the neutr ino interact ions, 
both the init ial and f inal states have 
zero strangeness and there is no 
change in th is number. 

This di f ference provides a clue to a 
mechanism w h i c h gets us out of the 
kaon decay d i f f icu l ty but at the cost 
of in t roduc ing a new quan tum n u m ­
ber cal led 'charm' . In all s t rong and 
e lectromagnet ic interact ions, the total 
charm is presumed to be conserved 
(l ike electr ic charge or strangeness) 
but not in weak interact ions. In terms 
of the quark model th is int roduces a 
four th type of quark, one carry ing 
charm to accompany the one carrying 

strangeness. In t roduc ing such an 
addi t ional 'bu i ld ing b lock ' leads to a 
w h o l e n e w set of possible particle 
states. Particles carrying charm have 
not been recognized so far, suggest ing 
they may be heavy. However , the 
suppression mechanism in the kaon 
decay cannot w o r k if they are more 
than about 2 GeV in mass. 

In analogy to the product ion of 
strange particles in pairs, the charmec 
particles shou ld also be produced in 
pairs by the st rong interact ion. The 
lowest mass particles carrying charm 
are expected to decay w i t h a rather 
short life t ime (about 1 0 1 3 s) but via 
the weak interact ion on ly ; the pro­
ducts of decay w i l l somet imes inc lude 
an electron or muon and it is also 
expected that part icles carrying 
strangeness w o u l d of ten occur. One 
possibi l i ty is a meson fo rmed by a 
charmed quark plus a charmed an t i -
quark; the meson itself w o u l d have 
no charm, but might reveal its h idden 
beauty on ly by the c i rcumstances of 
its bir th or death! 

A second quest ion raised by the 
discovery of neutral currents is that of 
the existence of the neutral inter 
mediate vector boson. Mos t of our 
know ledge of the weak interact ion 
has come f rom s tudy ing the decay of 
unstable particles and nuclei . In these 
processes the interact ion seems to 
take place at a po in t in contrast to 
the case for the st rong interact ion, 
w h i c h has a characterist ic range of 
about 10~ 1 3 cm and is mediated by 
the exchange of mesons between the 
interact ing hadrons. However there 
are compel l ing reasons to believe 
that the weak interact ion must also 
be mediated by the exchange of 
particles, cal led intermediate vector 
bosons. These w o u l d have high 
masses, corresponding to the very 
short range of the weak interact ion 
and, so far, no evidence of the pro­
duc t ion of these bosons has been 
f ound . 
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The inter-related aspects of experiment 
and theory which are dominating high energy 
physics at the present time. 

HADRON 

SPECTROSCOPY 

HIGH ENERGY COLLISIONS 

HADRON-HADRON 

PHOTON/ELECTRON -NUCLEON 

NEUTRINO - NUCLEON 

COMPOSITE NATURE 
OF 

HADRONS 

QUARK PROPERTIES 

FRACTIONAL CHARGES 
STRANGENESS 

I CHARM (?) 

THEORETICAL 

DEVELOPMENTS 

GAUGE THEORIES 

HADRON DYNAMICS 

LARGE LEPTON YIELDS 

IN HADRON COLLISIONS 

NEUTRAL 

WEAK CURRENTS 

NEW PARTICLES 

HIGH MASS 

LONG MEAN LIFE 

POSSIBLE UNITY OF 

BASIC INTERACTIONS 

I 
MANY 

FUNDAMENTAL 

EXPERIMENTAL 

QUESTIONS 

The existence of the neutral current 
impl ies a neutral intermediate vector 
boson to accompany the t w o charged 
Dnes required for the ord inary charged 
current interact ion. In its simplest 
f o rm one of the theories prov id ing a 
uni f icat ion of the weak and electro­
magnet ic interact ions predicts masses 
of about 75 GeV — we l l beyond the 
range of present accelerators. 

Experiments look ing for the direct 
p roduc t ion of electrons and muons in 
the col l is ions of h igh energy protons 
were among the earliest performed at 
the ISR. They discovered someth ing 
else — the unexpectedly h igh f re­
quency of emission of hadrons w i t h 
large s ideways m o m e n t u m . W i t h more 
sophist icated apparatus, and tak ing 
advantage of the new heights of perfor­
mance reached by the ISR, the p roduc ­
t ion of single electrons has been o b ­
served this year. The discovery was 
paralleled by similar observat ions on 

muons and electrons at the FermiLab. 
There are t w o remarkable features 

of th is observat ion: over the range of 
transverse momen tum covered, the 
yield of single electrons f o l l ows the 
same law as that for hadrons ( though 
at a level about 10 000 t imes smal ler) . 
Moreover, the ratio seems to be 
independant of the proton energy over 
a rather w i d e range, even t hough the 
total hadron yield changes by an 
order of magni tude. The exper iment at 
the ISR is also able to s h o w that these 
electrons do not arise as decay pro­
ducts of already k n o w n part icle states. 
W e are faced w i t h a new phenomenon 
and one of the first speculat ions is 
that this may be related to the pro­
duc t ion of new forms of matter 
perhaps charmed particles or the 
intermediate vector boson. 

Towards the end of the year w e 
received news f rom Brookhaven and 
Stanford of the discovery of a n e w 

part icle state w i t h a mass of 3.1 GeV. 
A t Stanford a second, even heavier, 
part icle w i t h a mass of 3.7 GeV was 
also f o u n d . The most outs tand ing 
property of the n e w particles is their 
l i fet ime w h i c h is except ional ly long 
for states of this mass; at 1 0 2 0 s it 
is about a thousand t imes longer than 
w o u l d be typical for hadronic states 
of 3 GeV mass. This presents a real 
s tumb l ing b lock to all at tempts to 
understand the new particles. 

One possibi l i ty is that they are 
related to the neutral intermediate 
vector boson. If so, the mass is at 
least an order of magni tude smaller 
than expected and shou ld s h o w up 
in other propert ies of the neutral 
current interact ion. On the other hand 
the observed coup l ing of the part icle 
to e lec t ron-pos i t ron pairs has about 
the r ight s t rength. It is also very 
attract ive to speculate that they are 
connected w i t h charm. They may be 
examples of the meson state w i t h 
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People in the news: 

1. P. Levaux (left) in conversation with 
W. Gentner 

2. A. G. Ekspong 
3. W. Paul 

hidden charm (composed of a charmed 
quark and charmed ant iquark pai r ) . 
The mass is reasonable but it is 
d i f f icu l t to understand the long l i fe­
t ime. 

There w i l l surely be other states to 
accompany these new forms of matter 
and many exper iments w i l l need to be 
done before w e can place them in 
their proper context w i t h i n the f rame­
w o r k of our understanding of ele­
mentary part icle physics. 

CERN has already a very impor tant 
programme of exper iments searching 
for n e w particles. One, w h i c h is 
special ly designed to look for charmed 
particles, is at present tak ing data at 
the ISR. A t the PS, an exper iment, 
w h i c h may be able to detect part icles 
l ike those f ound at Brookhaven and 
Stanford , is scheduled to start in 
March 1975 . Several groups w i t h 
runn ing exper iments have sw i t ched 
their at tent ion to search for effects 
related to the n e w particles and many 
proposals for exper iments are being 
prepared. 

This act iv i ty is a ref lect ion of the 
exc i tement about the recent deve lop­
ments in the f ie ld of part icle physics. 

Budgets for the coming year 

As cou ld be expected in the prevai l ing 
f inancia l c l imate in Europe, the d iscus­
sions on the budgets of CERN for the 
next f e w years were not easy and it 
was dec ided to postpone decis ions on 
the longer term levels of expendi ture. 

CERN budgets are, in pr incip le, set 
by the 'Bannier procedure' . A t the 
December Counci l Session the f igure 
for the next year is vo ted , w i t h a f i rm 
estimate for the succeeding year ( to be 
changed on ly under except ional cir­
cumstances) and provis ional deter­
minat ions for the t w o years after that. 
This procedure enables CERN to plan 
its programme rat ional ly over several 
years, w i t h know ledge of the resources 
w h i c h w i l l be made avai lable, and 

2. CERN 181.12.74 

enables Member States to plan their 
expendi ture on science long- te rm w i t h 
know ledge of the extent of their c o m ­
mi tment to CERN. The f igures are 
updated each year f o l l o w i n g an 
agreed 'cost var iat ion index' w h i c h 
incorporates movements in salaries 
and materials costs in the CERN 
Member States. 

The present h igh rate of in f la t ion 
resulted in a h igh f igure for the index 
to be appl ied to the f i rm est imate 
agreed the year before and , in v i e w of 
the pressures on nat ional budgets, the 
Counci l dec ided to establ ish a budget 
of 410 mi l l ion Swiss francs for CERN 
Laboratory I for 1975. This impl ied a 
cu t -back of about 10 M S F on the 
f i rm estimate. The f igures for succed-
ing years remain to be further d is­
cussed in the course of 1975 together 
w i t h the impl icat ions of budget cuts 
on the physics programme of CERN. 

Several delegates and Professor 
Jentschke urged a return to the Ban-

3. CERN 192.12.74 

nier procedure as soon as possible so 
as to regain the abi l i ty to plan long 
term w h i c h has proved of such great 
benef i t to the Member States and t( 
CERN. 

The budget for Laboratory II for 
1975 was vo ted as 237.9 MSF w h i c h 
is in accordance w i t h the budget 
prof i le agreed in 1971 for the c o n ­
st ruct ion years of the SPS. 

The cont r ibut ions ( w h i c h are based 
on net nat ional revenues) of the 
Member States are adjusted every 
three years on the basis on Uni ted 
Nat ions statist ics. The f igures for the 
Laboratory I budget , where all the 
Member States are invo lved, are g iven 
be low. The cont r ibu t ion of the Federal 
Republ ic of Germany is l imi ted to the 
max imum percentage ( 2 5 % ) and that 
of Greece is set at a special rate 
( 0 . 4 6 % ) to take account of its 
economic s i tuat ion. (The Laboratory II 
f igures are s l ight ly di f ferent since 
Greece does not take part and the 
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max imum percentage paid by Ger­
many is 25.4 % ) . 

Austr ia 2.22 
Be lg ium 4.01 
Denmark 2.28 
France 21.47 
Germany (Fed. Rep. o f ) 25 .00 
Greece 0.46 
Jtaly 13.33 

Jetherlands 5.30 
No rway 1.60 
Sweden 4 .55 
Swi tzer land 3.38 
Uni ted K ingdom 16.40 

Elections 

Wi th th is Counci l Session, the three 
year term of of f ice of W. Gentner 
(Federal Republ ic of Germany) as 
President of the Counc i l came to an 
end. Warm tr ibutes were paid to 
Professor Gentner 's abi l i t ies and his 
efforts on behalf of CERN dur ing 
those years. He is to be succeeded by 
P. Levaux (Be lg ium) w h o w a s elected 
President f rom 1 January 1975 . 
Dr. Levaux has an impressive record 

x i science adminis t rat ion in his o w n 
count ry and d is t ingu ished himself 
part icular ly in CERN affairs by his 
br i l l iant leadership of the w o r k of the 
Finance Commit tee dur ing three years 
as its Chairman. 

The Vice-Presidents of the Counc i l , 
T.G. Kouyoumzel is (Greece) and 
G.H. Staf ford (UK) were re-elected as 
was the Chairman of the Finance 
Commi t tee, M. Lemne ( S w e d e n ) . 
A .G . Ekspong has comple ted a three 
year per iod as Chairman of the Sc ien ­
t i f ic Pol icy Commit tee and w i l l be 
succeeded by W. Paul. 

PS: 10 1 3 ppp 

A n intensi ty of 1 0 1 3 protons per pulse 
was reached in the proton synchro­
t ron (PS) in a test run held on 10 De­
cember. This test was a repeat of the 
one held on 7 November (see Decem­
ber COURIER, p. 4 2 3 ) , f in ish ing the 
year w i t h a new record and achiev ing 
the required intensity set ou t in the 
PS improvement programme. 

However , t w o incidents had t r o u ­
bled the days preceding the test : 
a small f i re, for tunately put out very 
qu ick ly , started in a transformer of 
a power supply of the Booster (PSB) 
and there was a water leak in part 
of the transfer l ine f rom the PSB to 
the PS. The damage was repaired 
rapidly and f inal ly all was ready for 
10 December. 

The test began by adjust ing the 
l inac beam to produce long (100 \is) 
high intensi ty (85 m A ) pulses w h i c h 
were then injected over 15 turns 
into the four r ings of the PSB, 
where the energy was raised to 
8 0 0 MeV. W i t h dynamic program-
mat ion of the wo rk i ng po in t and 
compensat ion of both transverse and 
long i tud ina l instabil i t ies, 1.4 x 1 0 1 3 

protons per pulse were ejected t o ­
wards the PS. The transfer line had 
to be matched to 800 MeV for the 
protons to be injected into the PS. 
W i t h experience gained dur ing pre­
v ious tests it proved possible to 
compensate more rapidly the reso­
nances up to t ransi t ion. 

Af ter a day of effort and a f inal run 
on each machine to obta in the best 
possible adjustments, the 1 0 1 3 ppp 
barrier was f inal ly broken, max imum 
intensi ty measured at t ransi t ion reach­
ing 1.019 x 1 0 1 3 ppp. 

However , this is on ly a beg inn ing 
and much remains to be done before 
a beam of such intensi ty w i t h the 
emi t tance required by users can be 
obta ined under wo rk i ng condi t ions. 

The most d i f f icu l t w i l l be the deve lop­
ment of a n e w eject ion system 
(con t inuous transfer) for the 4 0 0 GeV 
proton synchrot ron (SPS) . This is 
be ing instal led and tests at h igh in ten­
sity w i l l be carried ou t dur ing th is year. 

Annual shutdown 
From 2 January to 19 February there 
is an overhaul of the Laboratory I 
machines — -the 50 MeV Linac, the 
8 0 0 M e V Booster, the Proton S y n ­
chrot ron and the Intersect ing Storage 
Rings plus beam-l ines and the exper­
imental halls. The PS accelerated its 
last 1974 protons on 21 December, to 
a l l ow a fal l in the levels of induced 
radioact iv i ty dur ing the end of year 
hol idays before the s h u t d o w n w o r k 
began. The s h u t d o w n is also being 
used for modi f ica t ions and to install 
n e w apparatus. Some of the major 
operat ions are descr ibed here. 

N o w that const ruct ion of a n e w 
Linac has started, w o r k on the 
exist ing machine is being kept to the 
m i n i m u m necessary to ensure that it 
does its j o b unt i l its replacement 
comes into service. Diagnost ic fac i l ­
it ies are being improved by insta l ­
l ing addi t ional equ ipment to moni to r 
the ion source parameters, the r.f. 
cavi ty phases and the beam energy 
spread in the 50 MeV spectrometer 
l ine. N e w uni ts are being added to the 
r.f. ampl i f iers to a l low the cavit ies to be 
decoup led one f rom another and thus 
be independent ly adjusted. 

Prel iminary w o r k is being done on 
the in ject ion l ine of the Booster 
(c iv i l eng ineer ing, vacuum, laying of 
cables and coo l ing water p ip ing) in 
preparat ion for the instal lat ion in 
1975 of a n e w six- level beam dis t r ib­
utor ( four levels for the PSB rings and 
t w o for beam d u m p i n g ) . In the r ings 
themselves: magnet posi t ions are 
being real igned where necessary; a 
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The organized layout of beam-lines in the East 
Experimental Hall of the proton synchrotron. The 
2 m bubble chamber (top right) is being moved 
by 13 m (taking its beam-lines with it) so as 
to clear more space for experiments with 
electronic detectors in the Hall. This more 
extensive use of the East Hall will enable the 
North and South Halls to be progressively closed 
down. 

k20 

.p16 

2 m o 
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e13 t>20 

•p14 

s7 

EAST HALL 
HALL EST 

1 
zero harmonic quadrupo le correct ion 
system (us ing the correct ion w i n d ­
ings of the quadrupoles and a l l ow ing 
indiv idual operat ion on each r ing) 
is be ing instal led; the beam d u m p 
instal lat ion w i l l be modi f ied to enable 
beams f rom the four r ings to be 
absorbed separately; a quadrupole 
p i ck -up electrode and a horizontal and 
vert ical electrostat ic def lector, are 
being instal led for more precise m o n ­
i tor ing of the transverse behaviour of 
the beam; glass dosimeters are being 
in t roduced to measure the radiat ion 
doses received by the instal lat ions 
and samples of the araldite insulat ion 
of the main magnet ; the transfer l ine 
to the PS is receiving f ive new 
vert ical d ipoles and a correct ion 
d ipo le and the 8 0 0 MeV spectrometer 
l ine is being adjusted. 

In the main PS r ing, magnets are 
being real igned where necessary and, 
as usual , repairs are carried ou t on 
magnets at the 'ho t ' points of the 

machine where end laminat ions come 
adrift. Four magnets are being repaired 
by c lamping plates on the end b locks 
and a f i f th is being replaced by an 
overhauled uni t . In the auxi l iary m a g ­
net system, sixteen sextupoles are 
being replaced by compac t versions, 
and nine in ject ion skew quadrupoles 
instal led to complete the skew qua­
drupole system. 

Forty- f ive straight sect ions (nearly 
half the to ta l ) are to be d ismant led 
and mod i f ied . A n e w beam loss 
mon i to r ing system is being instal led 
in all the straight sect ions, increasing 
the sensi t iv i ty in relat ion to the 
previous system by a factor of a 
hundred and a l l ow ing measurement of 
losses d o w n to 50 MeV beams. The 
detectors are faster and give a resolu­
t ion of 50 ns (an improvement by a 
factor of a t housand) . They are 
moreover radiat ion resistant and ca l i ­
brat ion w i l l be possible using a l o w 
intensi ty radioact ive source. 

To prepare for the con t inuous 
transfer system for in ject ion into the 
SPS, enlarged vacuum chambers are 
being f i t ted in e ight magnets. Th 
intermediate straight sect ions are also 
being replaced and the auxi l iary 
magnets moun ted there changed or 
moved. A lso t w o r.f. cavit ies are being 
moved and a 200 M H z cavi ty instal led 
for p rebunch ing of the beam before its 
transfer to the SPS. 

Damp ing resistors are being f i t ted 
in the 98 vacuum p u m p mainfo lds to 
damp a resonance at about 1.5 GHz, 
w h i c h enlarges the beam long i tud i ­
nally. The beam contro l system is 
being modi f ied to g ive greater f lex­
ibi l i ty in cases where great var iat ions 
in beam intensi ty are required f rom 
one cycle to the next. 

There is a general overhaul of the 
main convertor in the power supply , 
w h i c h involves d ismant l ing the rotor, 
the generator and the motor. The 
mercury rectif ier protect ion system is 
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On 3 January, the Italian Minister for Education, 
P.M. Malfatti, visited the CERN Laboratories. 
He is seen here (centre of photograph), together 
with D. Amati (left) and F. Bonaudi being 
shown the Split Field Magnet detection system 
at Intersection 1-4 of the ISR. 

being augmented by insta l l ing an 
auxi l iary 100 kVA generator to ensure 
con t inuous exci tat ion even w h e n the 
local supp ly fails. Preparatory w o r k is 
proceeding for the instal lat ion of four 
static power suppl ies in the auxi l iary 
generator bu i ld ing in place of the 
rotary machines. 

Mod i f i ca t ions are be ing made to 
-*he regulator of the 3 M W rectif ier 
supply ing the Gargamel le bubb le 
chamber and the g - 2 exper iment and 
to t w e n t y t w o regulators in the South 
generator bu i ld ing . Rectif iers and their 
auxi l iary equ ipment are being instal led 
in the new East rectif ier bu i ld ing . The 
racks in the PS contro l room are be ing 
rearranged so as to free an open ing to 
the future contro l room. 

A l t h o u g h there are no major 
changes in the South-East exper i ­
mental area and in the South and 
West Halls, the East Hall is seeing 
great upheavals. To make room for a 
larger number of e lectronic expe­
r iments, the 2 m bubb le chamber (car­
ry ing beam-l ines w i t h it) is be ing 
moved about 13 m. This w i l l take 
about f ive months , f reeing space for 

ectronic experiments. The result­
ing n e w layout of beam-l ines and 
exper iments is s h o w n in the d ia ­
gram. 

A t the ISR, the exper imental p ro­
gramme is being reshaped w i t h n e w 
experiments set up at intersect ions 
1-1, I-2, I-3, I-4, I-6 and I-8. The 
w o r k - l o a d is part icular ly heavy th is 
year because twe lve sectors of the 
machine have to be opened inc lud ing 
three intersect ions: I-2 and I-8 for the 
instal lat ions of exper iments, and I-3 to 
mod i fy the bases of the beam d u m p 
targets. In this last intersect ion the 
radiat ion level is h igh and a large 
number of people w i l l w o r k there, each 
carrying an adjustable threshold radia­
t ion detector so that they can be under 
the survei l lance of Health Physics 
group. 

In the ISR, great impor tance is 

at tached to the vacuum cond i t ions 
w h i c h must be except ional ly good in 
order to mainta in beam qual i ty dur ing 
operat ion. To increase the pump ing 
speed, c lar inet-shaped sub l imat ion 
pumps are being instal led in certain 
sectors. A t intersect ion I-8 cryogenic 
pumps are being instal led. 

Work on beam measurement and 
contro l includes instal l ing a n e w beam 
prof i le mon i to r ing system in sector 62 , 
t w o col l imators in sectors 21 and 32 to 
reduce background for physics expe­
r iments, and standard ISR moni tors at 
each intersect ion for luminos i ty meas­
urements. It is also in tended to install 
an experimental sect ion of vacuum 
chamber made of t i tan ium. 

Major maintenance, check ing and 
improvement w o r k is being carried out 
on many the machine components 
such as the fast kicker magnets for 
in ject ion and beam dump ing and the 
r.f. cavit ies. Finally, the electronics in 
the ISR contro l room w i l l be rear-

CERN 221.12.74 

ranged and maintenance w o r k done 
on the refr igeration plant. 

The s h u t d o w n is also being used to 
prepare the beam transfer l ine TT2 
f rom the PS to the ISR for sending 
beam to the SPS. A satell i te computer 
to cont ro l the equ ipment in TT2 w i l l 
be instal led and the beam- l ine w i l l 
then be able to handle alternately 
pulses of protons dest ined for the ISR 
and for the SPS. 

BEBC magnet 
operat ional again 
Contrary to t rad i t ion, Friday 13 De­
cember w a s a lucky day for the 3.7 m 
European bubb le chamber, BEBC. The 
large superconduct ing magnet was 
successful ly powered at its design 
current of 5 7 0 0 A. 

The magnet had been d ismant led 
for reasons w h i c h have already been 
expla ined in detai l (see March issue 
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13127* 16 * * 5656 ™ 
1.29 K&IX . 57B2.9R 

AlfMT 12. RVH 
13127* W 5 4 5656.6ft 

1.29 I M 2 5712.9 ft 

mm w. fl^ 
13127* 16 53* 5696.7ft 

1.29 KG/CHB 5783.8 ft 

famn- a*, m 

3.5B8S TGU 1.423 V 
719.57 HJ -«.429V 

3.5B261ESJ 1.415 V 
719.58 IU -&4BV 

3.3827 TELA 0.412 V 
719.68 HJ -1.416 V 

The state of the BEBC superconducting magnet 
captured on a television screen on 13 December. 
The date and time together with parameters 
such as the current in the coils, the field and 
the stored energy are recorded. 

The four 50 000 litre dewars to be used for 
storing liquid deuterium, neon, hydrogen and 
neon-hydrogen mixture for use in the BEBC 
bubble chamber. 

CERN 2.1.75 

1974, page 7 8 ) . To summar ise: the 
m a g n e t w h i c h had already g iven its 
design f ie ld of 3.7 T several t imes, was 
suffer ing f rom an intermit tent faul t — 
shor t -c i rcu i t ing w h i c h disappeared at 
h igh f ie ld. A l l the signs po in ted to a 
faul t in the auxi l iary circui ts and not 
in the superconduc t ing coi l itself. This 
d iagnosis proved correct and the w a y 
in w h i c h the results were interpreted 
was descr ibed in the September issue 
1974 , page 294 . 

Unfor tunate ly , to determine and 
cure the faul t required d ismant l ing 
BEBC. The d ismant l ing and reas­
sembly i n v o l v e d the del icate hand l ing 
of large metal structures. To l imi t the 
size of the bubb le chamber, the 
clearances between the many tanks 
are very small indeed. Moreover , the 
st rong mechanical forces exist ing 
w h e n the magnet is powered 
(7000 ton attract ion between the t w o 
coi ls) and the heat cont ract ion on 
such large components , mean that very 

precise pre-stressed f ix ing methods 
have to be used. The work , therefore, 
threatened to take a very long t ime. 

It was dec ided to start on repairs 
immediate ly in order to be sure to 
have BEBC operat ional for the start of 
exper iments w i t h the SPS. A n e ight -
mon th schedule was d rawn up, w i t h 
most of the t ime being used for d is­
mant l ing , reassembly and intermediate 
test ing. This schedule was held and 
on ly ten weeks were needed for the 
reinforcement of the auxi l iary c i rcui t 
insulat ion. 

The magnet was ready by the end 
of November. Coo l ing of the 3 5 0 ton 
mass t ook ten days, since the rate of 
coo l ing is l imi ted by the a l lowable 
stresses in the coi l cryostats. From 
10 December, the magnet was power ­
ed in successive stages to a l low 
checks to be made on all the sub ­
assemblies ( inc lud ing the inst ru­
ments ) , the discharge system and the 
cryogenic components . A current of 

4 8 0 0 A was rapidly reached in steps 
of 500 and 1000 A ; th is level cor­
responds to 7 2 % of the max imum 
stresses. No faul ts were detected after 
careful examinat ion of the connect ions 
between the pancakes and close 
inspect ion of the h igh ly stressed 
components (supply cables and cur­
rent inputs) after discharge. It was 
then decided to go to the design 
current of 5700 A. There were no p r o b ^ 
lems in either the magnet or its sub­
assemblies. From its recommiss ion ing 
w i t h beam in February, the chamber 
w i l l be operated normal ly. 

En route to multi-fluid operation 

The storage area, h id ing behind the 
wal ls of the West Hal l , has been en ­
larged to take tanks for neon, neon -
hydrogen mixtures and deuter ium, all 
of w h i c h are impor tant for the BEBC 
programme of exper iments w i t h the 
4 0 0 GeV SPS. In add i t ion , three n e w 
dewars have been added plus a huge 
assembly of p ip ing and valves, f o r m ­
ing a complex system of inst rumenta­
t ion . It w i l l be possible to store these 
precious f lu ids in cond i t ions in wh ic 
the risk of losses is greatly r e d u c e d ^ 
even in the event of a b reakdown in 
the coo l ing system. The chamber and 
its dewar w i l l be suppl ied w i t h the 
desired l iquid w i t h o u t any risk of 
mix ing the f lu ids as a result of an 
accidental operat ion or fai lure. 

A t igh t schedule had to be observed 
for th is w o r k to take advantage of the 
absence of hydrogen in the storage 
area dur ing the t e n - m o n t h s h u t d o w n 
of BEBC. W h e n the hydrogen safety 
regulat ions came back into force in 
January , it became impossible to 
perform much of the w o r k such as 
we ld i ng close to tanks f i l led w i t h 
hydrogen. 

A first del ivery of neon is expected 
in the spr ing and a start w i l l be made 
on deuter ium product ion towards the 
end of the year. 
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Around the Laboratories 

TRIUMF 
Tr iumph 
On 15 December, the 500 MeV cyc lo ­
t ron at Vancouver p roduced its f irst 
fu l l energy beams. Af ter a mon th of 
gradual ly spiral l ing the beam further 
and further ou t in the machine, the 
success came precipi tately. W i th i n a 
coup le of hours of the start of tests on 
the 15 th , a beam was extracted f rom 
the machine and g iv ing a neat spot in 
the external beam- l ine. 

W e last covered progress of the 
Canadian project in the J u n e 1974 
issue. A t that t ime, the magnet had 
been tai lored to the desired f ie ld c o n ­
f igurat ion — the cu lmina t ion of a 
hard year's work . The huge vacuum 
chamber was al igned and cleaned in 
M a y and in June the emphasis moved 
to the radiofrequency system. The 
e ighty resonators were instal led 
together w i t h their water coo l ing 
headers. 

A b o u t the same t ime, the polarized 
ion source produced 2 0 0 nA of 
negative hydrogen ions w i t h g o o d 
polar izat ion. In the exper imental areas 
instal lat ion of the beam- l ines began. 
In Augus t , the c ryopump ing system 
made its f irst impression on the 
machine vacuum — it t o o k the pres­
sure to 5 x 1 o~6 torr ( the design value 
is 4 x 10~ 8 — an unusual ly l o w pres­
sure for a cyc lo t ron necessitated by 
the fact that negative hydrogen ions 
are accelerated). 

In September, the pressure w a s a 
factor of ten lower but , w h e n r.f. tests 
began, there were pressure surges 
l imi t ing the peak accelerat ing vo l tage 
w h i c h cou ld be obta ined. The peak 
vol tage was 58 kV. Meanwh i l e w o r k 
on the in ject ion system had brought 
15 [iA of hydrogen ions t o a posi t ion 
vert ical ly above the centre of the 
cyc lo t ron w i t h 8 0 % transmission 
eff ic iency. 

The vacuum was at tacked in O c t o -

Champagne flows in the TRIUMF control room 
at Vancouver on 15 December to celebrate first 
operation of the cyclotron at 500 MeV. 
Towards the right of the picture, E.W. Vogt 
(the present Chairman of the TRIUMF Board 
of Management), is congratulating the 
Laboratory Director, J.R. Richardson. The 
ship's wheel on the wall is not used to steer 
the beam — it was presented by Davie Ship­
building of Quebec who built the magnet sectors. 

One of the two experimental halls (the Proton 
Hall) at the cyclotron showing preparations 
under way for the start of the physics programme. 
Beam enters through the shield wall on the 
left and two beam-lines are seen being installed. 

(Photos TRIUMF) 
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ber. Four d i f fus ion pumps were added 
to help take care of the unexpectedly 
h igh outgassing of hydrogen f rom 
the resonators. The c ryopump ing was 
reinforced and the resonators were 
outgassed at 78°C. On 21 October, 
the first ions (6 |xA) were d ropped 
in to the cyc lo t ron and were detected 
on the l o w energy probe. 

The first half of November c o n ­
centrated on s tepping up the r.f. 
performance after the repair of a water 
leak and by m i d - m o n t h the sparking 
problem was considered under reason­
able cont ro l . Tun ing of the beam 
th rough the cyc lo t ron began on 16 
November w h e n ions were detected 
ou t to a radius of 100 cm (equivalent 
to an energy of 6 M e V ) . 

Progressively brushing aside pres­
sure problems, def lector spark ing, etc., 
the peak energy c l imbed steadi ly over 
the f o l l o w i n g mon th — 100 MeV 
(425 cm radius) on 23 November, 
200 MeV (565 cm) on 28 November, 
3 0 0 M e V (650 cm) at the beg inn ing of 
December. A t this stage the r.f. 
system was operated for a f ive hour 
per iod at 90 kV w i t h o u t spark ing. 

On 14 December an energy of 360 
MeV (690 cm) was reached and beam 
transmission in the cyc lo t ron ou t to 
th is energy was look ing g o o d . By 12 
noon on the f o l l o w i n g day, ions were 
again at 360 MeV. In the next hour, 
appropr iately w i t h the T R I U M F Direc­
tor R. Richardson at the helm, the 
beam was taken to the design energy 
of 5 0 0 MeV by t un ing the t r im 
coi ls. 

A n hour later, extracted beam of 
10 nA was detected and soon m a n ­
oeuvred over 15 m to a beam dump . 
Using quadrupoles it cou ld be focused 
on a 1 c m 2 spot. By 16.00 hours the 
champagne corks had been popped . 

W e congratu late Professor Richard­
son and his team on their success in 
br ing ing such an adventurous machine 
into ac t ion. They jo in Los A lamos and 
Vi l l igen as the wor ld ' s three major 

'meson factor ies ' and w e w i sh them 
many years of g o o d physics. 

RUTHERFORD 
The EPIC storage ring 
project 
As ment ioned in the December issue 
of 1974 , a proposal to bu i ld a 14 GeV 
e lec t ron-pos i t ron co l l id ing beam stor­
age r ing k n o w n as EPIC — Electron 
Positron Intersect ing Complex — has 
been publ ished (Ruther ford Labo­
ratory Report 7 4 - 1 0 0 ) . This report 
and its compan ion document (Report 
7 4 - 1 2 4 w h i c h concentrates on the 
physics case and exper imental ut i l isa­
t i on ) demonstrate the considerable 
effort go ing towards re -equ ipp ing the 
UK Laboratories for h igh energy 
physics research f rom the 1980 's 
onwards . 

The first aim is to bui ld an e lec t ron-
posi t ron machine w i t h a luminos i ty 
(d ic ta t ing the probabi l i ty of col l is ions) 
w h i c h is at its max imum at 14 GeV. 

However , the design is such that 
the basic machine cou ld be developed 
to cater for fur ther physics require­
ments. The tunnel cross-sect ion (either 
3.5 m square or 4 m diameter) is b ig 
enough for the instal lat ion of a pro­
ton machine above the e lec t ron-
posi t ron r ing and the straight sect ions 
are long enough to bend both protons 
and electrons for col l inear e lec t ron-
proton col l is ions. This extra straight 
sect ion length cou ld also be used to 
add radiof requency cavit ies for i n ­
creasing the energy of the electrons 
and posi t rons. The depth of the 
mach ine be low g round (chosen for 
stabi l i ty reasons) provides a g o o d 
th ickness of earth for the relat ively 
more severe sh ie ld ing requirements 
for protons. The f o l l o w i n g is a 
descr ip t ion of the main design features 
of the proposed mach ine : 

Electron-positron ring 

T w o very short symmetr ica l ly spaced 
bunches of electrons and t w o of 
posi t rons counter- ro ta te irj a single 
magnet r ing and col l ide head-on in 
four interact ion regions. To achieve 
the design luminos i ty of 4 x 
1 0 3 1 c m - ' s - 1 , the transverse d i m e n ­
sions of the bunches must be very 
small at the interact ion points. This is 
achieved by using quadrupoles each s i ­
de of the 1 7 m long interact ion regions 
to produce a l o w beta (squeezing the 
appropr iate beam d imens ion) . This is 
at the cost of a h igh beta at these 
quadrupoles, w h i c h must have large 
apertures, and of effects on the beam 
dynamics w h i c h have needed careful 
study. The beta at the intersect ions 
cannot be decreased indef in i te ly s ince 
there comes a po in t w h e n the force 
due to the effect of one beam on the 
other causes serious loss of part icles. 
EPIC uses values based on experience 
at the exist ing smaller storage rings. 

Electrons at EPIC energies are 
extremely relativistic and emit cop ious 
amounts of synchrot ron radiat ion 
w h e n f o l l o w i n g curved paths in the 
magnet ic f ields. The energy loss of an 
electron go ing round a mach ine is 
propor t ional to (energy ) 3 x f ie ld. This 
loss must be made up by the rad io-
f requency system and there is every 
inducement to keep the f ie ld l o w to 
min imise cost even t h o u g h th is i n ­
creases the r ing diameter. The 
C-shaped dipoles are 4.5 m long w i t h 
a 70 m m gap and a f ie ld of 0.272 T for 
14 GeV. The mean r ing radius in the 
normal latt ice is 251 m and each of the 
insert ions is 153 m long . The main 
quadrupoles are 1 m long w i t h a f ie ld 
gradient of 5.5 T / m . 

Radiofrequency system 

The r.f. system must make up the 
energy lost by synchrot ron radiat ion. 
For EPIC this is 20 MeV per turn 
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A schematic diagram of the proposed EPIC 
storage ring layout showing how components 
could be positioned relative to the existing 
Rutherford Laboratory installations. 

Experimental Area 
No. 2 

Experimental Area 
No. 3 

200 MeV e+ LINAC 

Positron Converter 1^ 

100 MeV e - LINAC 

14 GeV e" 

Solenoitf 

Interaction Point 

Experimental Area 
No. 4 

Enlarged Tunnel 

Injector Room J 

w h i c h , for a tota l of 3.2 x 1 0 1 2 par­
t ic les in the machine, gives 1.4 M W 
of radiated power. 

In add i t ion , an 'overvo l tage ' is 
necessary because the emission of 
synchrot ron radiat ion leads to a sta­
t ist ical var iat ion in the energy of the 
particles. A large potent ia l we l l must 
be fo rmed so that part icles at the edge 
of the energy d is t r ibut ion are stil l 
conta ined for a stored beam l i fet ime 
of, say, t w o hours. Phase stabi l i ty is 
achieved for particles w i t h an energy 
deviat ion of 6.5 t imes the r.m.s. 
energy spread in the beam by hav ing 
an overvol tage of 10 MV. 

The small number of very short 
bunches excites higher order modes 
of the resonant r.f. cavit ies leading to 
power dissipat ion and a modi f i ca t ion 
of the accelerat ing vo l tage. A higher 
fundamenta l vo l tage is then needed 
to provide a given stable phase fo r 
the part icles. For EPIC, a conservat ive 
design f igure of 4 M W is used for the 

r.f. power requirement. The f requency 
is 402.7 M H z and the tota l cavi ty 
length is 4 2 m spli t into four equal 
sect ions placed symmetr ical ly about 
t w o of the interact ion regions. R.f. 
power is suppl ied by sixteen 250 k W 
klystrons each feeding 2.6 m of 
structure. 

The structure is a sca led-up ver­
sion of the s ide-coupled cavi ty used 
in the Los A lamos linear accelerator 
w h i c h achieves the necessary c o u p -
p l ing f rom ce l l - to-ce l l but is expensive 
to make. More w o r k w i l l be carried 
ou t to t ry to arrive at a cavi ty w i t h the 
advantages of the Los A lamos st ruc­
ture but at reduced cost. 

Injection 

In ject ion into the main r ing is achieved 
via a 5.3 GeV booster runn ing at 8 Hz. 
This w i l l the electron synchro t ron , 
N I N A , brought d o w n f rom the 
Daresbury Laboratory. The booster 

equ ipment and two - t h i r ds of the r ing 
can be housed in an Experimental 
Hall of the proton synchro t ron, N i m -
rod. The N I N A injector provides the 
electrons w h i c h either go straight t o 
the booster or produce posi t rons in a 
converter w h i c h are then accelerated 
to 2 0 0 MeV in a new l inac. Bo th 
l inacs can be housed in the exist ing 
N imrod 15 MeV injector bu i ld ing 
w h i c h becomes avai lable w h e n the 
n e w 7 0 M e V injector is commis ­
s ioned. 

The f i l l i ng t ime for the main r ing is 
min imised by making ful l use of the 
posi t rons. For the posi t ron mode, the 
electron l inac gives a burst of e ight 
pulses, 10 ns long separated by 
103 ns w i t h 4 A intensity. The pos i ­
t rons have their energy spread reduced 
in an energy compression system 
similar t o that used at the Universi ty 
of Mainz . The pulses are thus matched 
in t ime and propert ies to e ight 
'buckets ' fo rmed in the booster by a 
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A photograph of the Rutherford Laboratory 
site with an alternative location of the EPIC ring 
drawn in (the Nimrod ring building can be 
picked out bottom centre). This location gives 
a more compact site and involves only land 
already belonging to the UK Science Research 
Council or the Atomic Energy Authority. 

(Photo Rutherford) 

50 M H z r.f. system w h i c h accelerates 
the posi trons to 2.25 GeV. A t th is 
energy a f lat in the magnet w a v e ­
fo rm a l lows the energy spread to 
damp d o w n under the inf luence of 
synchrot ron radiat ion and the exist ing 
N I N A high power r.f. system at 
407.8 M H z can then take their energy 
to 5.3 GeV. 

Each of the eight booster bunches 
is transferred to a g iven main r ing 
bunch in a total t ime corresponding to 
seven turns of the maih r ing. The 
beam damps d o w n under the effect of 
synchrot ron radiat ion ( w i t h a t ime 
constant of 0.44 s) and fur ther 
booster f i l ls can be added to the 
bunch . The f i l l ing sequence w i l l be 
electron bunch No. 1 , posi t ron bunch 
No. 1 , electron bunch No. 2, posi t ron 
bunch No. 2, etc. consistent w i t h the 
booster cyc l ing t ime of 8 Hz and the 
damp ing t ime of the main r ing. It is 
hoped to achieve a booster f i l l of 
3.6 x 1 0 9 positrons at 5.3 GeV in 

4 minutes compared w i t h a storage 
t ime of 2 hours. The t ime taken to 
accelerate the particles is 1 minute. 

Vacuum system and controls 

The vacuum system must achieve 
5 x 10~ 9 torr in most of the machine 
w i t h 1 0 - 1 0 to 10~ 1 1 torr in the inter­
sect ion regions to ensure good beam 
l i fet ime and l o w background for the 
experiments. The vacuum system is 
a l l -metal w i t h a lumin ium vessels in 
the normal sect ions and stainless steel 
in the insert ions. The vessels in the 
dipoles are cooled to cope w i t h 
the 1.4 M W of synchrot ron radiat ion. 
Distr ibuted ion pumps inside the 
vessel, using the magnet ic f ie ld of the 
dipoles, are est imated to have a 
pump ing speed of nearly 300 000 l/s. 
Ho ld ing ion pumps, instal led be tween 
the magnets, are used w h e n the 
dipoles are not powered and there are 
sub l imat ion pumps in the insert ions. 

The contro l system is based on 
the SPS system w i t h about t w e n t y 
l inked small computers. Apar t f rom 
the usual func t ions , it must contro l 
the change f rom in ject ion mode to 
storage mode. It must also respond to 
instruct ions, such as a call for al ter ing 
the beta value at the insert ions, 
chang ing the sett ings of the machine 
components in a manner that does 
not destroy the stored beam. 

The required precision of the contro l 
system can be deduced f rom the need 
to ensure head-on col l is ions of 
bunches of electrons and posi t rons 
on ly 36 mm long w i t h transverse 
d imensions 0.6 m m by 0.15 m m 
arr iving every 2 x 1 0 - 6 seconds at an 
interact ion po in t in a machine 2.2 km 
in c i rcumference! 

S/te 

The chalk site at the Rutherford 
Laboratory has the required stabi l i ty 
and is sui table for tune l l ing w h i c h 
w o u l d be needed to clear exist ing 
bui ld ings if the main r ing is located 
as s h o w n in the photograph. The rest 
of the r ing w o u l d be constructed b 
the cu t -and- f i l l me thod . The e x p e r t 
mental areas are excavated to g ive a 
f loor level of 6 m be low beam height 
in t w o cases, and 3.5 m be low beam 
height in the other t w o cases. 

Cost and Programme 

EPIC is est imated at £25.71 M for 
capital equ ipment at January 1975 
price levels. 2 1 6 6 man-years of effort 
w o u l d be required and there w o u l d 
be £1.4 M for research and deve lop­
ment. The t ime-scale envisages a 
start on buy ing machine components 
in Apr i l 1976 , w i t h commiss ion ing in 
October 1980. 

As indicated in the December issue 
of CERN COURIER, the Science 
Research Counci l has encouraged 
cont inued design w o r k and inter-
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The signal from the KEK booster on 12 December 
indicating that protons were being accelerated 
to the design energy of 500 MeV. The booster 
is operated at 20 Hz and the acceleration 
time is 25 ms. As can be seen, the monitor 
was picking up noise (mainly from the r.f.) 
and there was some loss of beam near full energy. 

Aerial view of the KEK Laboratory. The main 
ring of the 10 GeV accelerator can be picked 
out at the centre of the photograph. The 
adjoining building, the largest on the site, 
is for counter experiments while the bubble 
chamber building is towards the top right. The 
linac and booster are central nearer the camera. 

(Photo KEK) 
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nat ional co l laborat ion in the project. 
As we l l as con t inu ing w i t h theoret ical 
aspects, the design w o r k w i l l invo lve 
a tho rough survey of the site, bu i ld ing 
models of the dipoles and r.f. cavit ies 
and experimental w o r k on vacuum 
and controls. There has been a great 
deal of interest f rom UK Universi ty 
engineer ing departments w i sh ing to 
be involved in this programme. 

Next mon th w e shall be cover ing 
the proposed 19 GeV e lec t ron-pos i ­
t ron storage r ing k n o w n as PETRA. 
This was submi t ted by the DESY 
Laboratory to its Admin is t ra t ive C o u n ­
cil in November. 

KEK 
Accelerated beam 
in the booster 
On 12 December, the booster of the 
10 GeV proton synchro t ron being 
bui l t at the Nat ional Laboratory for 
H igh Energy Physics (KEK) in Japan 
y ie lded its f irst design energy protons. 

Since w e last reported on c o n ­
st ruct ion progress in September of 
last year f o l l o w i n g successful oper­
at ion of the 20 M e V l inac, several 
months of effort w e n t in to po l ish ing 
the performance of l inac componen ts 
(part icular ly on the r.f. power supp ly ) . 
In November, three fur ther l inac tests 
were made (a day at a t ime) and the 

accelerated intensity was increased 
progressively f rom 10 m A to 23 m A to 
45 mA. In the th i rd run, the pre-
buncher was brought into act ion and 
improved capture of the protons by 
the l inac r.f. f ields by 50 % as designed. 

The 5 0 0 MeV booster was largely 
complete by 4 December and a run on 
that day was scheduled main ly to tune 
the beam- l ine f rom the l inac. This 
beam- l ine is 4 0 m long incorporat ing 
20 quadrupoles and 8 steering m a g ­
nets (p lus a couple of pulsed bend ing 
magnets) . The linac rapidly achieved 
a steady beam pulse of 4 0 mA and 
tun ing of the beam- l ine wen t so 
smooth ly that , about four hours later, 
protons were available for in ject ion 
into the booster. 

This was at tempted somewha t 
hurr iedly ahead of schedule and, 
f o l l o w i n g an hour spent sor t ing out 
t im ing errors, beam was detected on 
the moni tor screen an octant around 
the r ing. Playing w i t h the in ject ion 
septum and bump magnets soon had 
the intensi ty moni tor recording cir­
cu lat ing protons. The pulse w i d t h was 
70 [is ( the r.f. was not on ) w h i c h 
corresponded to about 110 turns in 
the r ing. 

The r.f. was sw i tched on and the 
pulse spanned out to 15 ms w h i c h , 
w i t h the rising magnet ic f ie ld , corre­
sponds to protons surv iv ing to an 
energy of 250 MeV. The radiat ion 
moni to r near the booster was mean­
wh i l e c lock ing a rapid rise in the 

neutron f lux. Before retir ing to bed, 
one fur ther f ine adjustment to the 
phase of the magnet ic f ie ld rise and 
the r.f. was made. Beam then sur­
v ived for 22 ms (equivalent to 
4 7 5 MeV) and the measured acceler­
ated intensi ty was 1 0 1 0 protons per 
pulse. 

On 12 December, the booster was 
more ready for serious test ing. A 
second run was tr ied. Beam was 
taken to the design energy of 500 MeV 
and the measured intensity was 4 x 1 0 1 0 

protons per pulse. 

BROOKHAVEN 
Superconduct ing 
magnet test 
As descr ibed in the November issue 
of 1974 , there is an extensive deve lop­
ment programme on superconduc t ing 
magnets under w a y at the Brookhaven 
Nat ional Laboratory. The main a im is 
to master the techniques to a suf f ic ient 
extent to make it possible to bui ld the 
magnets of ISABELLE — the p ro ­
posed co l l id ing beam machine for 
2 0 0 GeV protons. 

A series of ISA model magnets is 
be ing bui l t and in December, ISA IV, 
was successful ly tested. The magnet 
reached a f ie ld of 4.4 T in the aperture 
w i t h the superconductor at a t e m ­
perature of 4.6 K. The first quench 
( the superconductor go ing 'normal ' ) 
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Readership survey 

at th is temperature occurred at the 
comparat ive ly h igh f ie ld of 4.1 T. 
W h e n the temperature was taken 
lower to 4.2 K, the f ie ld in the aperture 
was nudged a l i t t le fur ther to 4.5 T, 
cor responding to a f ie ld at the super­
conduc t i ng w i n d i n g s themselves of 
4.8 T. The current densi ty in the 
w i n d i n g s was 3 0 k A / c m 2 ( 160 k A / c m 2 

in the superconduc t ing f i laments) . 
ISA IV is a d ipo le 1 m long w i t h 

an inner w i n d i n g diameter of 8 cm. 
It differs f rom its predecessors in 
using a conduc to r w h i c h has been 
s impl i f ied to make fabr icat ion easier. 
The n e w conduc to r is a metal f i l led 
f lat braid of the same d imensions as 
used previously (19 mm w i d e ; 0.6 m m 
th ick ) but conta ins on ly half as many 
indiv idual mul t i f i lamentary wi res 
w h i c h have doub le the cross-sect ional 
area. In add i t ion to s impl i fy ing the 
manufacture, the n e w conduc to r 
reduces the t ime dependent effects 
observed in models I and II by a 
factor of six. 

Since the const ruc t ion of ISA IV 
further improvements in conduc to r 
conf igura t ion have been made w h i c h 
shou ld a l l ow an improvement in cur­
rent densi ty of 20 % and an addi t ional 
reduct ion in t ime dependent effects by 
a factor of four. To sustain the 
opt imis t ic note, somewha t fur ther off 
is a conduc to r of similar type using 
n i ob ium- t i n mul t i f i lamentary w i re 
rather than n iob ium- t i t an ium. This 
shou ld make it possible to achieve 
6 T w i t h coi ls of the same dimensions. 

In the course of 1974 , a survey was 
made of the external (or n o n - C E R N ) 
readership of the COURIER. The aims 
were to 'spr ing c lean ' the d is t r ibut ion 
list ( removing people w h o are no 
longer interested in receiving the 
j ou rna l ) , to gather in format ion on the 
interests of the readers and to have 
react ion on the journa l content . The 
results of the survey were as f o l l o w s : 

From the number of readers w h o 
d id not reply, it is possible to reduce 
the number of copies produced by 
about 1 7 % ( f rom 11 500 to 9 5 0 0 ) . 
The act ivi t ies of readers w h o d id reply 
(no t inc lud ing journal is ts w h o were 
contacted separately) were d iv ided — 
28 % h igh energy physics, 10 % acce l ­
erator design and operat ion, 6 % 
componen t manufacture and supply , 
7 % admin is t ra t ion, 19 % other sc ient i ­
f ic research, 2 0 % educat ion , 1 0 % 
other. The readers are based — 4 0 % 
universi ty, 2 7 % research centre, 1 4 % 
industry, 4 % in format ion centre, 5 % 
government science admin is t ra t ion, 
1 0 % other. On average f ive people 
read each copy of the COURIER — 
3 7 % are cover t o cover readers, 
60 % read select ively and 3 % are just 
glancers. Over 9 0 % f ind the level 
'about r ight ' . 

These f igures remain rather close to 
those obta ined in the previous survey 
in 1968. From the po in t of v i e w of the 
editor ial staff, some of t hem are very 
sat isfy ing to learn. However , there are 
a lways many improvements w h i c h can 
be made. Some of these are c o m ­
parat ively smal l -scale — for example, 
several readers po in ted ou t the t e n ­
dencies to sl ip into the ' ja rgon ' of h igh 
energy physics w i t h o u t prel iminary 
exp lanat ion , to use abbreviat ions or 
acronyms famil iar in the f ie ld w i t h o u t 
spel l ing them out , and so on . W h e n 
t ry ing to commun ica te to a w i d e 
audience, even w i t h i n the f ie ld , w e 
shou ld t ry to avo id th is as much as is 
reasonable. 

In broader terms, a l ively journa l 

shou ld t ry t o evolve as the f ie ld itself 
evolves. One d i rect ion, part icular ly in 
recent years, is towards greater in te­
grat ion of the var ious componen ts in 
h igh energy physics research. The 
COURIER has tr ied to f o l l o w this and 
is already report ing news of events in 
h igh energy physics no matter where 
they occur. N o w the trends in the 
research itself, and in the social and 
f inancia l c l imate in w h i c h it is carried 
out , po in t to an even closer w o r k i n g 
together of the var ious centres of 
research. W e shall a t tempt to reflect 
th is in deve lop ing the journal in the 
course of the com ing year. 

The close contact w h i c h it has been 
possible t o mainta in w i t h other Labo­
ratories dur ing 1974 was great ly 
helped by the co-opera t ion of corre­
spondents and th is gives us another 
oppor tun i t y to thank t hem for their 
efforts — 

A R G O N N E 
B A T A V I A 
BERKELEY 
B O N N 
B R O O K H A V E N 
CORNELL 
DARESBURY 
D A R M S T A D T 
DESY 
D U B N A 
FRASCATI 
KARLSRUHE 
KEK 
I N F N , Italy 
LOS A L A M O S 
ORSAY 
RUTHERFORD 
SAC LAY 
SERPUKHOV 
S T A N F O R D 
T R I U M F 
V ILL IGEN 

Ch. E.W. Ward 
R.A. Carrigan 
W.W. Chupp 
H.E. Stier 
J . Spiro 
R.M. Littauer 
H. Sherman 
H. Prange 
E. Dammann 
V.A. B i ryukov 
M. Gh igo 
F. Arendt 
K. Kikuchi 
A. Pascolini 
W . H . Regan 
P. Lehmann 
H.F. Norris 
G. Neyret 
R.M. Sulyaev 
L P . Keller 
A. Strathdee 
G.H. Eaton 
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NEW SEN FADC 2068 
A / D CONVERTER 

faster conversion speeds 
for less strain on your pocket 

2 fis for 10 bits, 4.5 //s for 12 bits. These are the con 
version speeds you get f rom SEN'S new FADC2068 
A /D Converter for an investment of under 9,000 
Swiss francs. 

Packaged in a doub le-wid th s tandard 
CAMAC module, the dev ice is primar­
ily des igned for people running fast 
p rocesses or events who need h igh­
speed real t ime digital signal p roces ­
sing, e.g. in high energy phys ics (pro­
port ional wire chambers) or in oil 
refining and chemica l process ing 
(crackers, etc.). 

Sample and hold with aperture 
f rom the SEN FADC2068 is less than 
5 0 n s . . . with less than 5 ns avai lable 
as an opt ion. The unit uses DMA in 
conjunct ion with the crate control ler 
2023 , and can be direct ly connec ted 
to a SEN 2 0 4 6 to provide a 128-word 
buffer memory and digital w indow. 

The FADC2068 uses a success ive 
approximat ion technique with f ixed errors 
on certain channels modi f ied by linearity cali 
brat ion prov ided with each unit. 

Here are the specifications: 

Input signal: 

Trigger: 

Sample and hold 
aperture time: 
Dead time: 

Digital output 
range: 
Offsets: 

Speed: 

Digital interfaces: 

Linearity: 

Temperature 
coefficient: 
Accuracy: 

+10V, 0 - + 1 0 V DC coupled 
other ranges on request 
internal on end of positive 
or negative slope, range 
oo to1V / >s rise time 

less than 50 ns 
300 ns + read time 
(min. 1 CAMAC cycle) 

10 or 12 bits 
analog, external, internally 
DC subtracted from input signal 
analog offset range: +10V 
digital, added internally to 
conversion 
result: value is 
given through a CAMAC 
command 
2 (Ws/con version 10 bits 
4.5^s/conversion 12 bits 
2 complete interfaces are 
implemented: 
a) through CAMAC crate 

controller and dataway 
b) through SEN 2046 

Digital Window Discrimi­
nator, acting as a dis­
criminator and buffer for 
12816-bit numbers. 
(25 p. Cannon connector) 

a) integral: 1,510-3 
b) differential: 2.5% over 

99% of full scale. The 
statistical correction de­
livered with each 
module allows a differ­
ential linearity of better 
than 0.5%over100%of 
the channels to be reached. 

< 65ppm/°C (after 1 hour 
warm-uptime) 
+1LSB 
adjustable over +1 LSB for zero 

and +1 LSB for gain 

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

31, av. Ernest-Pictet, 1211 GENEVE 13, Suisse-
Case postale 39 - Tel. (022) 44 29 40 - Telex 23359 CH 
SEN ELEKTRONIK AG, ZURICH, Suisse -
Tel. (01) 86 5103 - Telex 58257 CH 

SEN ELEKTRONIK GmbH, HAMBURG, Germany -
Tel. 04103 6282 - Telex 2189 548 D 

I'd like more in format ion on SEN 'S new F A D C 2 0 6 8 A / D Conver te r 

| | send me a spec i f i ca t ion sheet w i th app l ica t ion no tes 

| | send me a SEN man w h o can not only tell me abou t the new FADC2068 A / D Conve r te r but who makes 
sense ta lk ing app l ica t ions, t o o ! 

I'm interested in a h igh-speed A / D Conver ter for 

. (brief descr ipt ion of p rocess or event here please) 

Name 

Company/ Inst i tu t ion 

Address 
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P o w e r f u l l o w - c o s t s y s t e m s . That's 
Digital's DECLAB-11/10 system family. Five 
generous hardware/software packages 
designated A through E. Priced from only 
S.Fr. 48.000 (S.Fr. 44.000") to S.Fr. 
119.000 (S.Fr. 107.000"). Capable of han­
dling the research jobs you're likely to 
encounter without having to develop ad­
ditional programs. And fully compatible 
so they'll expand as your needs grow. 

P o w e r f u l l o w - c o s t h e a r t . That's Digi­
tal's performance-proved 16-bit PDP-11/10 
CPU. The heart of the systems. Now at a 
new low price. With 8K words of memory, 
line frequency clock, power fail and auto 
restart serial line unit and paper tape 
software, just S. Fr. 24.800 (S. Fr. 21.000"). 
With 16K words, just S.Fr. 31.000 (S.Fr. 
27.000"). 

W i d e h a r d w a r e r a n g e . The DEC­
LAB-11/10 family gives you a wide 
range of hardware options. So you can 
choose the right system to meet your 
price/performance needs. All systems 
include the PDP-11/10 processor with 16K 
words of memory. With a choice of paper 
tape, magnetic cassette or cartridge 
magnetic disk drive storage. And a hard­
copy teleprinter or DECwriter. 

Plus Digital's new AR-11 one-module 
real-time analog subsystem. The AR-11 
features a 16-channel multiplexer, 10-bit 
analog-to-digital converter, programmable 
real-time clock and display controller. Or, 
if you want a more comprehensive analog 
subsystem, you can choose our LPS 
laboratory peripheral system. 

active dialogue. The library can be used 
in conjunction with Digital's RT-11 and 
CAPS-11 cassette programming systems. 
In addition, BASIC and FORTRAN com­
pilers are available. 

D i g i t a l . G e t s t o t h e h e a r t o f y o u r 
n e e d s . 

r—————————————— 
• Please send me complete infor- • 
• mation about Digital's five new • 
I DECLAB-11/10 laboratory systems. I 

Name 

Position 

Company 

Address 

Telephone 

| Digital Equipment Corporation | 
| International (Europe), | 
• 81, route de I'Aire, i 
• CH-1211 Geneva 26, c i J Tel. (022) 42 79 50. s \ 
L — _ — — —-I 
Offices in Reading, London, B i rmingham, Bristol, Manchester, 
Edinburgh, Mun ich , Berl in, Cologne, Frankfurt, Hambourg , 
Hannover, Stuttgart, Vienna, S tockho lm, Oslo, Copenhagen, 
Helsinki, Paris, Grenoble, U t rech t Brussels, Geneva, Zur ich, 
Mi lan, Turin. 

L a b - o r i e n t e d s o f t w a r e . User pro­
grams for the DECLAB-11/10 systems are 
developed using Digital's unique Appl i-
cations-11 library. A package of laboratory 
applications modules subdivided into five 
categories: data processing, data display, 
data analysis, data acquisition and inter-

tla 
* Special pr ice for nonprof i t -or iented educat ional , medical 
and research inst i tut ions. 
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8 CHANNEL MONOLITHIC INTEGRATED CIRCUIT 
( A m p l i f i c a t i o n , Fast Or , D e l a y , S t r o b e , M e m o r y , M e m o r y Or , R e a d - o u t g a t e ) 

FOR MULTIWRE PROPORTIONAL CHAMBERS 

f t . ' h : W ^ ^ ^ W B 

^ j j^pjiS if^i. Jf?^ '̂ î 

4 i.§4*W^I-

LSI /MOS TECHNOLOGY 

• 40 Pin dual in line 
ceramic package. 

PERFORMANCES 

• Threshold voltage: 2 mV 
• Write pulse length : 90 ns 
• Power dissipation : 1.6 W 
• Radiation proof up to : 

2.10 1 0« (645 Mev) cm 2 

or 2.10 1 3 p (1 Gev) cm 2 

• L o w c o s t : a b o u t $ 1 0 / C h a n n e I 
mounted on the chamber. 

• Samples available from stock -
few months delay in 1000 quantity. 

REFERENCES 

CEN/SACLAY: Used on large 
MWPC's electronic equipment. 

CERN (Geneva): On test. 

For data sheets, application reports, delay, prices or any information you 
may need for your particular application, write or call: 

E.F.C.I.S. BP. 85, Centre de Tri 38041 GRENOBLE CEDEX (FRANCE) 
Tel.: (76) 9741 11 —Telex: ENERGAT GRENO 32323 
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1,2 A FAST 

# 

V J 
ON LINE 

T y p e 1161 

Drives smal l 4~pha$e step motors o n 
posi t ioners, potent iometers, valves, p robe 
f rames, etc. d i rect ly f r om any Camac system 

- Offers 15 programmable speed ranges 
f r om S t o 3 0 8 steps/sec. 

- Au toma t i c speed-up and s l o w - d o w n 
feature for speed opt imisat ion 

- S t e p - c o u n t register for up t o 3 2 7 6 8 steps 
in e i ther d i rect ion 

- Permits manual operat ion f o r s imple 
serv ic ing and commiss ion ing 

- W i l l operate a power driver for larger motors 

1 — ^ & % M m 0 % . W* 

4 S 0 0 S O L O T H U R N 2 , S W I T Z E R L A N D 
t e l : 0 6 5 / 4 8 8 21 te lex: 34228 

NbTi 
High Field Superconductor 

VACRYFLUX 
5001 

V A C U U M S C H M E L Z E 

S ing le core conduc to r s for magnets of h igh homogene i ty . 
Mul t i f i lament conduc to r s w i th c i rcu la r o r rec tangu lar 

c r o s s - s e c t i o n con ta in ing 60 to 3721 tw is ted supe rcon ­
duc t ing f i laments w i th smal les t d iameters of 10{x( photogr . ) 

for dynamic app l i ca t ion . 

Ful ly t ransposed bra ids for pu lsed D.C. magnets and 
supe rconduc t i ng machines. 

Cryosta t ica l ly s tab i l i zed h igh cur rent supe rconduc t i ng 
compos i t es for b ig magnets w i th h igh s tored energy. 

V A C U U M S C H M E L Z E G M B H - D 645 H A N A U 
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FUST rums 
from Nuclear Enterprises 

The NE 4683 Fast Amplif ier (Octal) 
is a s ing le w i d t h l o w cos t per channe l ampl i f ie r , 
des igned for use in h i gh speed ana logue 
sys tems. Each o f the 8 d i rec t c o u p l e d channe ls 
has a f i xed ga in of four . I npu t and o u t p u t dc 
levels are at g r o u n d po ten t ia l fo r easy 
i n t e r connec t i on w i t h o ther d i rec t c o u p l e d 
c i rcu i ts . A specia l b u i l t - i n d i o d e l imi ter c i r cu i t 
p rov ides i npu t p ro tec t i on and a c o n s t a n t 
m a t c h e d 5 0 o h m , i npu t impedance to ± 1 0 0 V . 

The NE 4684 Fast Discriminator (Octal) 
is a s ing le w i d t h N I M m o d u l e i nco rpo ra t i ng 
f ou r ident ica l channe ls , all w i t h dua l iso la ted 
o u t p u t s . Each d i rec t c o u p l e d channe l has 
un i t y g a i n , w i t h i npu t and o u t p u t dc levels at 
g r o u n d po ten t ia l for easy i n te r connec t i on w i t h 
o ther d i rec t c o u p l e d c i rcu i ts . A b u i l t - i n d i o d e 
l imi ter c i rcu i t p rov ides i npu t p ro tec t i on u p t o 
i 2 0 0 V and a cons tan t 5 0 o h m inpu t 

impedance . 

The NE 4516 Linear Fan-Out (Quad) 
is a s ing le w i d t h , l o w cos t per channe l 
d isc r im ina to r . By c o m b i n i n g t h e mos t usefu l 
features o f s tandard , genera l pu rpose 
d isc r im ina to rs w i t h t he h igh packag ing dens i t y 
and e c o n o m y of in tegra ted c i rcu i ts , each of 
t h e 8 channe ls p rov ides ind iv idua l con t ro l o f 
t h e th resho ld and o u t p u t w i d t h at coun t ra tes 
u p to 1 2 0 M H z . 

Nuc lear Enterpr ises Fast N I M M o d u l e s set t he 
s t a t e - o f - t h e - a r t in the assoc ia ted e lec t ron ics 
d e m a n d e d by t oday ' s more p o w e r f u l 
accelerators , s torage r ings and co l l i d i ng beams. 
Th is n e w range inc ludes Octa l D isc r im ina to rs , 
Oc ta l Amp l i f i e r s and Q u a d Fan -Ou ts . A l l 
m o d u l e s are ideal ly su i ted for par t ic le research 
app l i ca t i ons i nvo l v i ng p ropo r t i ona l and dr i f t 
chambers , hodoscopes , s h o w e r coun te rs , h igh 
reso lu t ion t i m e - o f - f l i g h t sys tems, etc. The n e w 
m o d u l e s have a h igh degree of c o m p a t i b i l i t y 
w i t h U S A E C , T I D - 2 0 8 9 3 N I M spec i f i ca t i on . 
Request Bu l le t in N o 7 7 . For fu l l deta i ls o f al l 
N I M m o d u l e s con tac t t he Sales Depar tmen t at 
Ed inbu rgh ( T e l : 031 - 4 4 3 4 0 6 0 ) . 
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N U C L E A R E N T E R P R I S E S LIMITED 
S i g h t h i l l , E d i n b u r g h E H 1 1 4 E Y , S c o t l a n d T e l 0 3 1 - 4 4 3 4 0 6 0 C a b l e s : N u c ! e a r , E d i n b u r g h T e l e x 7 2 3 3 3 

Bath Road, Beenham, Reading RG7 5PR, England.Tel: 073-521 2121. Cables: Devisotope, Woolhampton. Telex: 848475. 

Associate Companies Nuclear Enterprises GmbH, Schwanthalerstrasse 74, 
8 Munchen 2, Germany. Tel: 53-62-23. Telex: 529938. 
Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California 94070 
Tel: 415 593 1455 Telex: 348371 
Switzerland 
High Energy & Nuclear Equipment S.A.; 2, Chemin de Tavernay, 
Grand-Saconnex, 1218 Geneva, Tel: (022) 98 25 82/3. Telex : 23429. 
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• Composan ts lourds nuc lea tes 
• Echangeurs de chaleur nuc lea tes 
• Boucles e x p e r i m e n t a l 
• Masses polaires en acier mou le 
• Tuyauter ies en aciers all ies et inox 
• Portes, dal les et bouchons 
• Compresseurs d'air et de gaz 
• Turb ines, g roupes turbo-a l te rnateurs 
• Tra i tement des minerais d 'u ran ium 

(broyeurs, cent r i fuges de f i l t ra t i on , e tc ) 
• Appare i ls de levage et manu ten t i on , 

ponts rou lants 
• Pieces sur p lans 

• Heavy nuclear c o m p o n e n t s 
• Nuclear heat exchangers 
• Exper imental loops 
• Cast steel magnets 
• A l l oy and stainless steel t u b i n g 
• A i r t i gh t doors , p lugs 
• A i r and gas compressors 
• Turb ines, tu rbo-genera to rs 
• Uran ium ore process ing 

(g r ind ing mi l ls , cent r i fuges, e tc) 
• Ho is t ing and hand l i ng equ ipment , 

overhead t rave l l ing cranes 
• Job -eng inee red parts 

impnmes' 

Av. de Provence 20 -1007 Lausanne/Suisse 4 

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

DllSBllHilllliBlgBiJ«i 

Debitmetres 
GEC-El l io t t , Rotameter Works , Croydon 

Appare i ls cal ibres et 
non cal ibres 
pour l iquides et gaz type 1100 

l ivrables ex s tock Zur ich 

Vannes a pointeau 
en acier inox au ch rome 4421 et ch rome-
n i cke l -mo lybdene 4 4 3 6 

Armatures Phonix 
vannes d'arret et de reglage 

Demandez la documen ta t i on aupres de 

m jm f i ^ j | h Oerl ikonerstrasse 8 8 
V V l a M l a te l . 0 1 / 4 6 4 0 4 0 
vo rm . W I S M E R A G 8 0 5 7 Zur ich 
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MINIREG Nouvelle Ser ie 

Les feui l les de speci f icat ions sont 
a vot re d ispos i t ion! 

C U 5 > 

A l i m e n t a t i o n s a c o m m a n d e 
par t o u c h e s : 

• 9 combinaisons de tension et de courant 
• selection par touches de la tension, 

de la l imi tat ion de courant et des gammes 
de I ' instrument de mesure 

M i n i r e g 4 0 3 (15 W ) 
0 - 3 0 V / 0 , 5 A l imi te 
0 - 1 5 V / 1 A , 0,5 A 
0 - 7 , 5 V / 2 A , 1 A et 0,5 A 
5 V / 2 A , 1 A et 0,5 A Fr. 3 8 0 , 

M i n i r e g 413 (30 W ) 
0 - 3 0 V / 1 A l imi te 
0 - 1 5 V / 2 A , 1 A 
0 - 7 , 5 V / 4 A et 1 A 
5 V / 4 A , 2 A, 1 A Fr. 4 5 0 . -

Les prix s 'entendent sans ICHA, 10 jours 2 % , 
depar t Zur ich 

Te lemeter E lec t ron ic A G , 8 0 2 7 Z u r i c h , Tel . 0 1 / 2 5 7 8 7 2 

t h e n e w r e v o l u t i o n a r y n o n - s l i p 

D U S T 
C O L L E C T I O N 
M A T S 
f o r c l e a n r o o m s 

a n e w d e v e l o p e d mater ia l w h i c h does d ras t i ca l l y a w a y 
w i t h these o l d s t i cky , cos t l y a n d un re l i ab le ma ts . 

• h i ghes t e f f i c i ency • e c o n o m i c 
• u n l i m i t e d d u s t t r ap l i fe 
• no expens i ve a n d cr i t i ca l r e c o n d i t i o n i n g 

( j us t w i p e o f f w i t h a w e t s p o n g e ) 
• d u s t ge ts v i s ib le • no t pressure sens i t i ve 
• n o n - s l i p p i n g # res is tant t o ac ids , s o l v e n t s 

ask fo r a f ree s a m p l e 

D I P L . I N G . E R N E S T S P I R I G 
C H 8 6 4 0 R A P P E R S W I L , P O B o x 160 S W I T Z E R L A N D 
p h o n e 0 5 5 / 2 7 4 4 0 3 te lex 7 5 4 0 0 

ONE OF THE 2500 AVAILABLE 

HOKE VALVES 

316 SS 

OR BRASS 

- 4 0 ° C TO 600°F 

HIGH 

V A C U U M 

TO 1000 PSIG 

HOKE BELLOWS SEALED VALVES 
(4100 SERIES) 

MATKEMI AG 
4106 Therwil 
Erlenstrasse 27 
Telefon 061 / 73 48 22 
Telex 6 2 4 4 0 
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Where all your attention has to be given to the process 
itself-there you will find the 

PFEIFFERTURBO 

As, for instance, in combination wi th this high 
vacuum coating plant BA511 and many other 
units for which easy handling and simple opera­
t ion are absolute requirements. 
Of course, the PFEIFFERTURBO 
offers even more; its vibration-
free running, high compression 
ratio for hydrogen and other 
volatile gases, its easy servicing, 
low operating cost, high reliabi­
lity, wide working range at cons­
tant pumping speed,.. . there is 
still much more in it that is deci­
sive! It is not for nothing that 

PFEIFFER is the leading manufacturer of turbo-
molecular pumps. 
Do you know already the PFEIFFER TURBO? The 

TPU 200 or the TPU 400? W e 
shall be pleased to provide you 
wi th technically important infor­
mation on these pumps.Your post 
card wi th the catch word ,,PFEIF­
FER TURBO" wil l do. By return 
mail you wi l l receive detailed 
iterature. 

PM 800 005 PE 7308 
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BALZERS-owned Sales Companies i n : 

Zu r i ch (CH) ,F rank fu r t /M ( D ) , W i e n (A ) , 

Kungsbacka (S), Berkhamsted (GB), 

L Santa Ana (USA) , Meudon (F), Mi lano (I) 

ARTHUR PFEIFFER V A K U U M T E C H N I K G M B H 
Postfach 
D-6330 Wetz lar 
A company of the BALZERS-Group 



T h e J D S 10 c o n f o r m s t o C E R N spec i f i ca t ions refe­
rence L a b o r a t o r y I I 7 3 - 1 9 , p rov ides necessary fac i ­
l i t ies at t he da taway level o f each C A M A C cra te . 

I t features : 

• P r o g r a m m e d da taway check o u t , w i t h a b i l i t y t o 
make F a u l t d iagnost ics 

• Da taway l ine d isp lay 

• L a m Grader 

• A l a r m s ignal , pe rm i t s t o de tec t p e r m a n e n t l y set or 
no isy l ines. 

• I d e n t i f y code selected by means o f an in te rna l 
s w i t c h , used f o r so f tware secur i ty checks. 

• Th ree Tes t p o i n t s , o n f r o n t panel p e r m i t exami ­
na t i on o f B, S1 and S2 d u r i n g C A M A C opera t ions . 

• Crate address i n te rna l l y selected and d isp layed o n 
f r o n t pane l . 

FOR MORE I N F O R M A T I O N PLEASE CONTACT : 

S A I P / S C H L U M B E R G E R : BP 4 7 - 9 2 2 2 2 Bagneux (F rance) 
T e l . : (1) 6 5 5 . 2 2 . 1 1 . - - T e l e x : S A I P E X 2 5 0 7 5 F 



EMI ElectronTubes 

Photomultipliers 
for photometry, spectrophotometry, 
and scintillation counting (including 
special fast tubes for nuclear physics 
applications). 
Image intensif iers 
for detection and observation of very 
low light level images such as seen in 

Cathode ray tubes 
forcolourandmonochromefilm 
scanning, pattern recognition, radar 
and data display. 
Avalanche photodiodes 
for fast response in laser range-
finding, and fibre line communica­
tion systems. 

ELECTRON TUBE DIVISION 
EMI Electronics Ltd., Hayes, Middlesex, England. 
Tel: 01-573 3888 Telex 935261 Cables EMITUBE HAYES. 
A member of the EMI Group pf Companies. International leaders in music,electronics and leisure. 

astronomy, microscopy, spectro­
scopy, crystallography, high speed 
photography, and high energy 
physics. 
Camera tubes 
for broadcast, medical, industrial and 
surveillance applications (including 
low light level tubes). 
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ANNOUNCING TN-1700. 
The pacesetter for the next generation of 

pulse height analyzers from Tracor Northern 
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The UNEXCELLED TN-1700 includes these standard features: 

Acquisition Features 
• New State of the Art ADC 
• Digital Conversion Gain 

Control 
• "Zero-deadtime" MCS 
Display 
• Large 6.5" CRT 
• Live, flicker-free display 
• Full alphanumerics for results 

and labels 
Region of Interest Versatility 
• Unrestricted Setup (including 

overlapping limits) 
• Dynamic Integration 
• Selected-region I/O 

Set-Up Convenience 
• Learn and Test Modes 
• Arbitrary Energy-Scale 

Calibration 
• Interactive Controls 
Dynamic Data Processing 
• Smoothing 
• Stripping/Summing 
• Normalization 
I/O Functions 
• Plotter (with alphanumeric 

labels) 
• Teletype 
• Parallel or Line Printer 

Tomorrow's Electronic L , , J 
Instrumentation Today HffiMR Northern 

TRACOR EUROPA B.V. - SCHIPHOL-AIRPORT-AMSTERDAM, Building 106 (The Netherlands) - Tel.: 020-411865 - Telex; 13695 

BEK Electronics S A -1202 GENEVA, 18, rue Hoffmann (Switzerland) - Tel.: (022) 33 23 2 0 / 2 9 - Telex: 28268 « Belecn 


