


C E R N , t h e E u r o p e a n O r g a n i z a t i o n f o r 
N u c l e a r R e s e a r c h , w a s e s t a b l i s h e d in 
1 9 5 4 t o p r o v i d e f o r c o l l a b o r a t i o n 
a m o n g E u r o p e a n S t a t e s in n u c l e a r r e 
s e a r c h o f a p u r e s c i e n t i f i c a n d f u n d a 
m e n t a l c h a r a c t e r , a n d in r e s e a r c h 
e s s e n t i a l l y r e l a ted t h e r e t o ' . I t a c t s as a 
E u r o p e a n c e n t r e a n d c o - o r d i n a t o r o f 
r e s e a r c h , t h e o r e t i c a l a n d e x p e r i m e n t a l , 
in t h e f i e l d o f s u b - n u c l e a r p h y s i c s . T h i s 
b r a n c h o f s c i e n c e is c o n c e r n e d w i t h 
t h e f u n d a m e n t a l q u e s t i o n s o f t h e b a s i c 
l a w s g o v e r n i n g t h e s t r u c t u r e o f m a t t e r . 
T h e O r g a n i z a t i o n has i ts sea t a t M e y r i n 
nea r G e n e v a in S w i t z e r l a n d . T h e r e are 
t w o a d j o i n i n g L a b o r a t o r i e s k n o w n as 
C E R N L a b o r a t o r y I a n d C E R N L a b o 
r a t o r y I I . 

C E R N L a b o r a t o r y I has e x i s t e d s i n c e 
1 9 5 4 . I ts e x p e r i m e n t a l p r o g r a m m e is 
b a s e d o n t h e use o f t w o p r o t o n a c 
c e l e r a t o r s — a 6 0 0 M e V s y n c h r o - c y c l o 
t r o n ( S C ) a n d a 2 8 G e V s y n c h r o t r o n 
( P S ) . L a r g e i n t e r s e c t i n g s t o r a g e r i n g s 
( I S R ) , are f e d w i t h p r o t o n s f r o m t h e PS 
f o r e x p e r i m e n t s w i t h c o l l i d i n g b e a m s . 
S c i e n t i s t s f r o m m a n y E u r o p e a n U n i 
v e r s i t i e s as w e l l as f r o m C E R N i tse l f 
t a k e pa r t in t h e e x p e r i m e n t s a n d it is 
e s t i m a t e d t h a t s o m e 1 5 0 0 p h y s i c i s t s 
d r a w resea rch m a t e r i a l f r o m C E R N . 

T h e C E R N L a b o r a t o r y I s i te c o v e r s 
a b o u t 8 0 h e c t a r e s a l m o s t e q u a l l y 
d i v i d e d o n e i t he r s i d e o f t h e f r o n t i e r 
b e t w e e n F r a n c e a n d S w i t z e r l a n d . T h e 
s ta f f t o t a l s a b o u t 3 0 0 0 p e o p l e a n d , in 
a d d i t i o n , t h e r e are a b o u t 8 5 0 F e l l o w s 
a n d V i s i t i n g S c i e n t i s t s . T w e l v e E u r o 
p e a n c o u n t r i e s c o n t r i b u t e , in p r o p o r t i o n 
t o t h e i r n e t n a t i o n a l i n c o m e , t o t h e 
C E R N L a b o r a t o r y I b u d g e t , w h i c h t o t a l s 
3 8 2 . 9 m i l l i o n S w i s s f r a n c s in 1 9 7 3 . 

C E R N L a b o r a t o r y II c a m e i n t o b e i n g 
in 1 9 7 1 . I t is s u p p o r t e d b y e l e v e n 
c o u n t r i e s . A ' s u p e r p r o t o n s y n c h r o t r o n ' 
( S P S ) , c a p a b l e o f a p e a k e n e r g y o f 
h u n d r e d s o f G e V , is b e i n g c o n s t r u c t e d . 
C E R N L a b o r a t o r y II a l so s p a n s t h e 
F r a n c o - S w i s s f r o n t i e r w i t h 4 1 2 h e c t a r e s 
i n F r a n c e a n d 6 8 h e c t a r e s in S w i t z e r 
l a n d . I ts b u d g e t f o r 1 9 7 3 is 1 8 8 m i l l i o n 
S w i s s f r a n c s a n d t h e s ta f f w i l l t o t a l 
a b o u t 3 7 0 p e o p l e b y t h e e n d o f t h e yea r . 

C E R N C O U R I E R is p u b l i s h e d m o n t h l y 
i n E n g l i s h a n d F r e n c h e d i t i o n s . I t is 
d i s t r i b u t e d f ree t o C E R N e m p l o y e e s 
a n d o t h e r s i n t e r e s t e d in s u b - n u c l e a r 
p h y s i c s . 

T h e t e x t o f a n y a r t i c l e m a y b e r e 
p r i n t e d if c r e d i t is g i v e n t o C E R N 
C O U R I E R . C o p i e s o f m o s t i l l u s t r a t i o n s 
are a v a i l a b l e t o e d i t o r s w i t h o u t c h a r g e . 

A d v e r t i s e m e n t s are p u b l i s h e d o n t h e 
s o l e r e s p o n s i b i l i t y o f t h e adver t i sers ' . 

E d i t o r : B r i a n S o u t h w o r t h 
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49th Session of CERN Council 
The Council met on 20, 21 December under 
the Presidency of Professor W. Gentner 

Physics at Laboratory I 

The Session opened with the custom
ary progress reports from the Directors 
General of Laboratory I and Labora
tory II. Since we came up-to-date 
with Laboratory II news in the last 
issue, we will concentrate here on 
topics from the report of Professor 
W. Jentschke concerning the physics 
programme at the PS and ISR. 

The field of high energy physics 
does not progress so much by single 
sensational discoveries but can be 
compared rather to a mosaic where 
one progresses piece by piece to 
obtain the whole beautiful picture. 
Only the continuous interplay of 
experimental data with theoretical 
ideas leads to a better understanding 
of the structure of elementary particles 
and their interactions and eventually 
to new concepts describing the micro-
world. 

One of the most fundamental pro
blems is the structure of particles. 
Elastic scattering of high energy 
electrons from protons and neutrons 
has shown that these particles have 
a rather complicated distribution of 
electric charge and magnetic moment 
with an average radius of a little less 
than 1CH 3 cm. The question then 
arose whether a structure could be 
seen if one used a different sort of 
l ight ' (used a different kind of probe). 
Elastic scattering of hadrons would 
allow us to study the distribution of 
mesonic matter inside the particles 
and one expects more detail to emerge 
the shorter the wavelength of the 
l ight ' (the higher the energy of the 
particles). Hence the ISR is an 
excellent instrument to perform such 
experiments. 

Measurements at the PS and else
where showed that the diffraction 
peak continues to shrink as the energy 
increases; in other words, the proton 
radius (or region of influence) in
creases with energy. Two groups 

continued this study at the ISR. At 
extremely small angles at ISR energies, 
the scattering amplitude is purely 
imaginary — the scattering corre
sponds to that of an absorbing sphere. 
Observations at large angles revealed 
a beautiful diffraction pattern with a 
dip and a maximum which helped in 
understanding the. somewhat sur
prising behaviour of the differential 
cross-section at PS energies. The 
detailed interpretation of these data 
will provide information on the average 
radius of the distribution of mesonic 
matter inside the proton, on its 
fuzziness at the edge and on other 
parameters. 

If the proton behaves like a black 
disc one expects the total cross-
section for p-p interactions to become 
constant at high energies. ISR mea
surements are not in disagreement 
with this expectation but are not yet 
accurate enough to test more sophis
ticated models which predict a loga
rithmic rise of the total cross-section. 

Elastic scattering thus gives infor
mation on the 'geometrical' properties 
of elementary particles but it does not 
give immediate information on any 
constituents. The deep inelastic elec
tron scattering from protons and 
neutrons carried out at Stanford 
several years ago indicated that 
nucleons contain point-like consti
tuents. This was deduced from the 
observation that the probability of 
electrons to be inelastically scattered 
at rather large angles is much larger 
than one would expect if the charge 
of the proton were smoothly distrib
uted over its volume. If this interpreta
tion is correct, the result of these 
experiments would be the analogue 
of the Rutherford experiment of 1911, 
where the large angle scattering of 
alpha-particles by atoms led to the 
conclusion that the positive charge is 
concentrated in a small region —- at 
the nucleus of the atom. The point
like constituents have been called 

partons. It is possible that they are 
identical with quarks whose existence 
is suggested by the symmetry of the 
particle classification scheme. 

The intriguing question was why 
partons were noticed only in electro
magnetic but not in strong processes. 
Two recent ISR experiments have 
given results which might indicate 
point-like constituents also in strong 
interactions. In these experiments the 
distribution of transverse momenta is 
studied around 90° for charged and 
neutral pions. For both kinds of 
particle it is found that the rapid 
exponential decrease observed at 
small momenta does not extrapolate 
to momenta larger than 1 GeV/c 
where the distribution gets flatter and 
depends on the total energy. This is 
perhaps up to now the most exciting, 
unexpected, result from the ISR. A 
complete understanding has not yet 
been achieved but one theoretical 
attempt relates it to point-1 ike struc
tures as in deep inelastic electron 
scattering. 

Having obtained evidence for new 
constituents by electromagnetic and 
strongly interacting probes the ques
tion arises whether they manifest 
themselves also in weak interactions. 
The answer came from an experiment 
in the heavy liquid bubble chamber 
Gargamelle in which the total cross-
section for neutrinos and antineutrinos 
was measured. Preliminary results 
show that both cross-sections rise 
linearly with energy in the range from 
1 to 9 GeV and the ratio between anti-
neutrino and neutrino cross-sections 
is one third. These results are in agree
ment with parton models and in favour 
of partons being quarks. In detail they 
imply that the nucleon consists of 
three quarks and some quark-anti-
quark pairs. 

There is now multiple evidence for 
point-like new constituents in nu
cleons and some indication that they 
should be identified with quarks, but 
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Intersection region I-1 at the ISR where 
the CERN, Columbia, Rockefeller team (whose 
detection system can be seen in the photograph) 
and the Saclay, Strasbourg team observed 
high momentum particles emerging at wide 
angles — described by the Director General 
in his progress report as 'perhaps, up to now, 
the most exciting unexpected result from 
the AS/?'. 

such particles have not yet been 
found free. One reason could be that 
their mass is high and that conven
tional accelerators do not provide 
sufficient energy. Hence experiments 
are carried out at the ISR where quark 
masses up to 22 GeV could be 
observed. In one experiment no 
particles with fractional charges, pre
dicted for the quarks, have been seen 
among about 10 9 ordinary charged 
particles. Why then does one notice a 
granular structure of the nucleons if 
one scatters electrons, hadrons or 
neutrinos off them but why is it not 
possible to knock out one of these 
grains? It could be that their masses 
are still beyond our presently available 
energies. Or maybe they are just 
mathematically useful concepts in 
describing particle behaviour without 
correspondence in physical reality. 

Multiparticle processes are perhaps 
the most intensively studied topic in 
high energy physics at present. Most 
ISR experiments are devoted to this 
field and at lower energies there is 
a wealth of bubble chamber data from 
experiments at the PS. 
(a) In high energy collisions it is ob
served that the emerging secondaries 
have surprisingly small momenta per
pendicular to the direction of the 
collision. These transverse momenta 
have an average value of 300 MeV/c 
and are virtually independent both of 
the type of particle investigated and 
of the centre of mass energy. At the 
ISR, however, the average transverse 
momenta are somewhat different for 
pions, protons and kaons. These small 
values of the average transverse 
momenta are one of the basic features 
of high energy inelastic processes. 
According to the thermodynamical 
model, it implies that an absolute 
maximum temperature of hadronic 
matter exists. 
(b) Multiplicity increases only gradu
ally and probable logarithmically with 
the centre of mass energy; for example, 

at 1500 GeV the average multiplicity 
is 12, but events with 20 or more 
particles are not too rare. Processes 
with many particles in the final state 
are very difficult to measure in detail 
and also their interpretation is difficult 
because of the many kinematical 
variables. As , a first step, interest 
concentrated on single particle inclu
sive events where, for example, one 
observes a proton or a pion and the 
remainder (anything) is not measured. 
Theoretically, a number of approaches 
to such reactions have led to the 
prediction that at high energies the 
cross-sections, if expressed with the 
proper variables will be independent 
of the collision energy. Predictions of 
this kind are known as scaling predic
tions. 

One of the important findings at the 
ISR is that the particles produced in 
very high energy collisions are falling 
into two classes. Those which orig
inate from the break-up of one of the 
incident particles and hence go mainly 
in the forward directions and those 
particles which are produced more or 
less isotropically by a kind of 'evapo
ration' or 'ionization'. At PS energies, 
a clear separation was not possible 
but at the ISR the two different pro
duction mechanisms can be studied 
independently. 

The large amount of data can be 
summarized by saying that at ISR 
energies limiting distributions are 
reached — the distributions no longer 
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depend on the total energy. It is 
reached earlier in the fragmentation 
region than in the central region and 
sooner for pions than for heavier 
particles. 

The next step, to obtain more 
detailed information, is to go from 
single particle spectra to particle 
correlations and the main emphasis 
of the next generation of ISR experi
ments will lie on such investigations. 

For some time, the possibility that 
the weak interaction is mediated by a 
charged heavy boson has been con
sidered, the range of the interaction 
being determined by the mass of the 
boson. This particle might play in 
weak interactions a similar role to the 
pion in strong interactions and to the 
photon in electromagnetic inter
actions. If this is true it should be 
possible to observe the bosons as 
free particles provided the available 
energy is sufficient to produce them. 
Hence the ISR is again the best 
available instrument to search for 
these particles and three groups are 
looking for electrons and muons 
which could originate from the decay 
of such bosons. The results obtained 
so far do not give a definite indication 
for the existence of the intermediate 
boson and upper limits for its pro
duction cross-section can be deduced. 

One of the most exciting develop
ments which is presently under way 
is the work on a new renormalizable 
field theory, trying to unify the theory 
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An antineutrino interaction recorded in the heavy 
liquid bubble chamber, Gargamelle. The 
interaction produced a muon (which travelled 
across the chamber at high energy), a negative 
pion (which was of low energy and stopped 
in the chamber) and a positive pion (which 
interacted again to give a neutral pion decaying 
into gammas which materialized in electron-
positron pairs in the heavy liquid). The 
neutrino experiments in Gargamelle are 
providing crucial information on several topics 
of great interest at present in the field of high 
energy physics. 

for electromagnetic and weak inter
actions. If these attempts are success
ful they could be of similar importance 
to the unification of electric and 
magnetic phenomena in the last cen
tury. The models make detailed pre
dictions concerning the properties of 
intermediate bosons and the so far 
unknown heavy leptons. For example, 
the unified models require an electri
cally neutral boson in addition to 
charged ones. This neutral boson cor
responds to the photon which me
diates the electromagnetic interaction 
and would give rise to elastic neutrino-
electron or antineutrino-electron scat
tering. This has been looked for in the 
film from a recent Gargamelle experi
ment but no event was found. The 
experiments in progress should lead 
to a decisive answer on the simplest 
model. 

Many other important results have 
come from experiments at the PS — 
the first observation of hyperon pro
duction in weak interactions, further 
information on CP violation in neutral 
kaon decay including a much more 
precise measurement of the short
lived kaon lifetime, and so on — and 
a full programme promising much 
important new information is lined up 
for the PS and ISR for the coming year. 

Theoverwhelming part of the physics 
programme at CERN is carried out by 
physicists from other research centres 
and the number of physicists using 

CERN is constantly increasing. Even 
neglecting the new field of nuclear 
structure experiments done at the PS, 
there is an almost linear rise which 
still shows no sign of flattening off. 
With the Omega and SFM spectro
meters coming into operation in 1973 
this trend is likely to continue. At the 
end of 1972 about 1500 physicists 
were using CERN's research facilities. 
These numbers also do not seem to 
have reached a plateau. 

On one hand this development is 
very positive since it demonstrates the 
attractiveness of CERN. On the other 
hand, it poses a serious problem to 
the CERN administration since the 
visitors need office and laboratory 
space, technical help and administra
tive support. 

This is occurring at a time when 
CERN Laboratory I is experiencing 
difficult problems under restricted 
budgets. It will need the continuing 
excellent cooperation between the 
Council, the European community of 
high energy physicists and CERN to 
find the solutions. 

Financial situation for the coming 
years in Laboratory I 

With the go ahead for the construction 
of the synchrotron to produce energies 
of hundreds of GeV in Laboratory II, 
Laboratory I's previously foreseen 
programmes were cut back to help 
towards finding the money for the new 

project. At 1969 prices, the cut back 
amounted to 210 million Swiss francs 
during the construction period. The 
problem years for Lab. I are particu
larly 1974 and 1975 when the budgets 
were trimmed from an anticipated 
340 MSF to 300 MSF (again 1969 
figures). During these years, the 
budgets are also expected to support 
the preparation of the PS to serve as 
injector for the new machine and the 
equipping of the West Hall for 200 GeV 
physics. 

The Council had asked CERN to 
review carefully the programme for 
1974/75 and its budgetary conse
quences. Budget Analysis and Pro
gramme Evaluation Committees set 
up in 1971 continued in action in 1972 
and the situation for the coming years 
in Laboratory I emerges as follows . . . 

Considerable savings have been 
achieved by such measures as reduc
ing the staff numbers below the 
agreed figure of 3100 (a reduction of 
about 150 will be reached in 1973). 
The costs involved in administration 
and services are being held down, 
despite the expansion of the experi
mental programme, the growing num
ber of visitors and the site extensions. 
Long term development work has 
been reduced considerably (and there 
is a worry that if this is sustained for 
many years the future quality of the 
Laboratory could be jeopardized). 
Limitations have been imposed on the 
scientific programme and it is operat
ing below the levels foreseen when 
implementing the PS improvements 
(though it has still grown compared 
with previous years). 

Measures such as these have trim
med back the Laboratory I 'deficit', in 
terms of the likely available money to 
carry out the work scheduled over the 
years 1973 to 1976, to about 40 mil
lion Swiss francs. It is hard to see any 
major savings from pushing the above 
measures further and the next victims 
will almost certainly have to be items 
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Professor Francis Perrin, right, in conversation 
with Professor Jentschke (Director General 
of CERN Laboratory I) during a break at the 
Council meeting. Francis Perrin, who has been 
prominent in CERN affairs from the early 1950s, 
was attending his last meeting as French 
delegate. It will seem strange not to see his 
distinctive features behind the 'France' label 
when the Council next meets in June but 
he will continue to come to CERN for meetings 
of the Scientific Policy Committee. 

from the present physics programme. 
Possibilities are — closing the South 
experimental hall which houses elec
tronics experiments, reducing the 
number of experiments at the ISR, 
reducing the bubble chamber pro
gramme, closing down the synchro
cyclotron etc. . . . Decisions will 
probably be taken mid-1973. 

The problem is aggravated by the 
fact that the agreed 'budget profile' 
for Laboratory I over the years of 
construction of the SPS does not line 
up ideally with the anticipated annual 
expenditures. It is however difficult 
for many Member States to agree to 
change this because of their internal 
science budget planning. Some relief 
for the heavy spending years of 1974 
and 1975 has been sought by ad
vancing the payment on the new 
CDC 7600 computer installation using 
money saved in 1972 and, as men
tioned below, by placing 1973 savings 
in a reserve fund to be used for SPS 
physics preparations. 

Budget decisions 

Council approved the following bud
gets for 1973 — Laboratory I: 382.9 
MSF; Laboratory I I : 188.0 MSF. A 
6.4 % cost variation index (which is 
designed to take account of price 
movements since the budget estimate 
was agreed) has been applied in 
arriving at these figures rather than 
the 6.6% given by the usual formula. 
The reduction was achieved by award
ing a lower salary increase to CERN 
staff than that given by the salary 
index. In the course of the budget 
discussions for Laboratory I, it was 
agreed that whatever savings could 
be made within the budget for 1972 
(savings estimated at 20 MSF) can 
be placed in a special reserve fund to 
be used later for the preparations for 
physics with the SPS. 

The firm estimate for the Laboratory I 
budget in 1974 was fixed at 367.6 

MSF (1973 prices) and the same figure 
was approved as a provisional deter
mination for 1975. Normally a 'pro
visional determination' would have 
been agreed for the following year 
(1976) also but, because of the com
plicated situation in coming years and 
the financial problems in the science 
budgets of some Member States, the 
figure for 1976 was not voted. 

Elections and Appointments 

The Council re-elected Professor W. 
Centner (Federal Republic of Ger
many) as its President for 1973. Two 
new Vice-Presidents were elected — 
Professor Th. Kouyoumzelis (Greece) 
and Dr. G.H. Stafford (UK) who will 
succeed Professor J.K. Boggild and 
Ambassador E.F. Buresch. The Scien
tific Policy Committee and the Finance 
Committee retain the same Chairmen 
— Professor A.G. Ekspong and M.P. 
Levaux respectively. Professors B. 
Hahn and A. Merrison are leaving the 
SPC and Professor M. Conversi has 
been re-elected. 

The Council was also informed of 
the setting up of a new Experiments 
Committee, which since the Council 
meeting has been given the name SPS 
Experiments Committee. Like its equi
valent Committees concerned with the 
SC, PS and ISR experimental program
mes, it wil l be chaired by someone from 
outside CERN — Dr. P. Lehmann from 
Orsay has been appointed for the first 
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two years. Another forthcoming 
change in the experimental committees 
is that Professor H. Schopper will 
succeed Professor B. Gregory as 
Chairman of the Intersecting Storage 
Rings Committee. 

Professor Schopper will be leaving 
CERN in March and will be succeeded 
as Assistant to the Director General 
for the Coordination of the Experi
mental Programme by Dr. J.H. Mulvey. 
Dr. Mulvey will move to CERN for 
a three year period beginning in 
September. Other internal appoint
ments are — Professor P. Falk-Vairant 
will succeed Professor J . Steinberger 
as Director of the Physics I Depart
ment for three years; Mr. G. Munday 
will succeed Dr. P. Standley as 
Leader of the Proton Synchrotron 
Division; the Synchrotron Injector 
Division ceased to exist at the end of 
1972 (the job of building the machine 
being complete) and the Division 
Leader, Dr. G. Brianti, has been jointly 
appointed by the two Directors Gen
eral as Leader of the Experimental 
Areas Group preparing for physics at 
the SPS. Dr. C.J. Zilverschoon, Direc
tor of the PS Department, and M. 
H. Laporte, Leader of the Site and 
Buildings Division were both re
appointed for a further three years. 

Professor Francis Perrin 

Council business concluded with a 
tribute by the President to Professor 
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Annual shutdown 

Francis Perrin who was attending 
Council for the last time as delegate 
for France. 

Professor Gentner said: 
'We are very sorry to say goodbye 

to Francis Perrin after an association 
which has been so close, pleasant and 
fruitful. 

Professor Perrin belongs to that 
small nucleus of energetic and enthu
siastic people to whom we largely owe 
the coming into being of CERN. In his 
capacity as Haut Commissaire a 
I'Energie atomique, he was most 
active, from the very beginning, in the 
discussions held at UNESCO in 
December 1951 which led to the 
signature of the Agreement setting up 
the interim Organization, the European 
Council for Nuclear Research, on 
15 February 1952. His signature is on 
that document as well as on the 
Convention establishing CERN. 

From then on Professor Perrin has 
been one of us in the Council, and 
from 1959, also in the Scientific 
Policy Committee, where fortunately 
he will stay on for quite a number of 
years. For more than twenty years we 
have had the benefit of his wisdom, 
influence and unwavering faith in the 
daring venture called CERN. We could 
always rely on him whenever we were 
faced with difficulties to speak up for 
and defend the primacy of the physics 
activities of the Laboratory. 

His dream has come true: the 
CERN of today and of tomorrow owes 
him a great deal. On behalf of all of us 
I wish to tell him how deeply grateful 
we are for all he has done for the 
Organization and how much we have 
appreciated his sound judgement, his 
brilliant spirit and his ever youthful 
enthusiasm.' 

The 28 GeV proton synchrotron accel
erated its last particles for 1972 on 
23 December and the experimental 
teams who had been using the PS and 
the ISR went home. In their absence, 
however, the machines have not 
been the scene of peace and quiet. 
After allowing a week for the PS to 
cool down (for induced radioactivity 
levels to fall) annual shutdown work 
began in earnest and will continue 
there and at the ISR until 21 February 
with a list of a thousand jobs to be 
done. 

Many of the jobs are of a routine 
maintenance nature. Anyone who 
periodically checks the electrical 
equipment in his home will be well 
aware that screws come loose and 
wires come adrift for no reason 
whatsoever. All the more so is this 
sort of check needed on highly com
plex equipment which has been effec
tively switched on and off many mil
lions of times during the year as the 
synchrotron pulsed. But this routine 
maintenance is not what we will be 
concerned with here. We have simply 
picked out some of the major features 
of the shutdown work at the PS and 
ISR in the experimental areas and 
intersections regions. 

At the PS 

The 50 MeV linac is having a careful 
wash and brush-up to try to ensure 
greater stability and reliability. Every
one leans on the linac and its good 
performance is obviously crucial; in 
particular the 800 MeV Booster is a 
more demanding customer concerning 
linac beam quality than the PS. 

The r.f. system in particular is being 
completely overhauled. New high sta
bility charging circuits for the modu
lators and new phase and frequency 
stable circuits will be installed. Delay 
line pulses will be cleaned up and the 
r.f. will be brought on again for tests 
by 5 February so as to have it in good 

shape in advance of the PS needing 
beams. 

This will follow a complete over
haul of the vacuum system in the 
three linac tanks. The first drift tube in 
Tank I will be removed and repaired 
since it has been badly damaged by 
the beam. The alignment of all the 
drift tubes will be checked. Beams in 
the reassembled linac are scheduled 
for 9 February. 

In the PS ring the touch of human 
hand will be felt on almost half the 
total circumference. 45 of the 100 
straight sections will be opened up 
(16 for the installation of new correc
tion magnets — dipoles, quadrupoles 
and sextupoles — ten for major modi
fications such as the installation of 
equipment to excite betatron oscilla
tions for machine studies) and 15 mag
nets need attention (one of them — 
magnet No. 2 — is being replaced 
because of radiation damage and ten 
others need repair for the same 
reason). 

Repair because of radiation damage 
is becoming a regular heading in 
describing PS shutdown work. We 
now seem to be losing a magnet a 
year and others need clamping 
because of deterioration of the adhe
sive holding the end block laminations 
where most radiation is received. 
When the laminations move as the 
magnet pulses, they can damage pole 
face windings. Other work in connec
tion with radiation and to improve the 
machine vacuum is the completion of 
the change to metal joints in the 
vacuum system. 

As the Booster begins to supply 
higher intensity beams during 1973 
instabilities will need more attention. 
This is the reason for the correction 
magnets mentioned above to keep 
the beam in order and preparations 
for the installation of still more cor
rection magnets, which have not yet 
arrived, will also go on during the 
shutdown. 
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The concrete jungle of the East experimental hall 
at the proton synchrotron. Only someone 
with a very good reason (or someone from 
whom all reason has departed) would start 
introducing changes in here. During the 
present PS shutdown beam-line modifications 
are limited to linking the m6 beam-line 
to the 2 m bubble chamber and to improving 
the feed to the hyperon beam. 

The injection region will experience 
a major upheaval. Multiturn injection 
has been in satisfactory operation for 
some months now and it has therefore 
been decided to uproot the single turn 
injection inflectors in straight sections 
27 and 28. A small kicker magnet wil l , 
instead, be installed in straight section 
30 to come into action if problems 
occur with the multiturn system. 

Other PS work includes new cool
ing plant at the centre of the ring so 
that r.f. equipment, ejection equip
ment and correction magnets will no 
longer rely on experimental hall cool
ing water supplies. Two more of the 
old type r.f. cavities will be removed. 
Finally, all 100 magnets will be re
aligned (involving six weeks work) 
and the PS is scheduled to be ready 
for action again on 21 February. 

PS Experimental Areas 

It is the South Hall which will see 
most upheaval (for a rundown on the 
previous situation see vol. 12 
page 272). The k17 beam which 
feeds the Karlsruhe, Stockholm ex
periment on mesic atoms is being 
modified. The converted beam will be 
known as k18 and will have about 
twice the acceptance of its predeces
sor which will be particularly useful in 
augmenting the negative kaon flux. 

Magnets will be installed in pre
paration for the Birmingham, CERN, 
Genoa, Rutherford, Stockholm expe
riment on two body interactions 

( T T + P -> E + K + , K-p -> 2 + n r ) , 
which will later use the beam-line 
d31. A complete transformation is 
taking place in the m beam-line, m7 
becoming m13. A further separator 
will be installed and it will be used by 
the Geneva, Saclay team to study 
kaon decay into four particles includ
ing an electron. 

The beam-line to the HYBUC 
bubble chamber in the North Hall 
remains untouched as also does the 

beam-line to Omega (apart from small 
modifications) and to BEBC in the 
West Hall. In the concrete jungle of 
the East Hall the big transformation is 
to bring the beam-line m6 to the 2 m 
bubble chamber rather than the r.f. 
separated beam-line u5. Also the 
e9n region will be revamped to 
improve the hyperon beam. 

Storage Rings 

The ISR has had a year of intensive 
use since the last shutdown and there
fore a programme of rather routine 
maintenance tasks is under way both 
on the rings and in the control room 
where the layout is being reorganised. 
There are also machine improvements 
being implemented and most of them 
concern the vacuum system — under
lining yet again the importance of the 
pressure and surface cleanliness in the 
rings in determining the machine 
performance. 

Titanium sublimation pumps are 
being installed in 82 more positions, 
including some located for the first 
time so that they can pump from the 
centre of the long magnets. This 
brings their total in the ISR to 400 and 
another 100 are intended for installa
tion later. In fact, during the shutdown 
cabling is being done for all 500 
sublimation pumps. 

In positions where it is at present 
difficult to install these pumps such as 
the physically difficult regions around 
the injection septa, the chambers are 
being demounted and cleaned by 
running an argon glow discharge in 
them for several hours combined with 
bake-out (see vol. 12 page 361). This 
is also being done in the four arms of 
the new vacuum chamber at the I-6 
intersection region and in some parts 
of the inner arc of Octant 5. Four new 
fast acting valves are being installed 
around I-8 and those around I-6 are 
being replaced. The valves enable a 

CERN 390.11.72 
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Late news: The Omega 
superconducting magnet with two 
coils in action, reached design 
performance on 10 January. 
On 16 January it was successfully 
tested with the yoke configuration for 
the first experiments. 
The refrigeration plant is performing 
well. 

section of the rings to be shut off in 
20 ms should it experience a serious 
leak. The valves can shut before the 
pressure wave reaches them. 

New installations for beam observa
tion and control include the sodium 
curtain equipment for Ring 2. This 
type of beam profile monitor was 
described in vol. 11 page 324. It in
volves a jet of sodium, crossing the 
beam at an angle of 45°, from which 
liberated electrons give an image on 
a fluorescent screen. Also the last of 
four deflectors which will help improve 
the stability of stacked beams has 
been installed. They will operate in 
a feedback loop to damp out beam 
oscillations, either in the vertical or 
horizontal plane when their build up 
is observed. 

Ion chambers are being installed at 
170 positions and will serve to locate 
beam loss to within about 10 m. The 
computer read out for these detectors 
is not yet complete and they will be 
used in conjunction with an oscillo
scope display system initially. 

Intersection Regions 

Five intersection regions used for 
experiments up to now are seeing 
major changes in the course of the 
shutdown and an additional region is 
receiving detectors for the first time. 
Let us go round them in sequence: 
1-1 Complete clear out. The massive 
dilepton searchers (CERN, Columbia, 
Rockefeller) have completed their 
experiment and their detectors are 
wheeled out to make room for the 
Saclay team to return to extend their 
study of high transverse momentum 
particles. They will have a large 
aperture magnet (installed at 90°) , 
Cherenkov and shower chamber, as 
they had in this region before, but this 
time with an almost identical detection 
system on the opposite side to see 
what they can learn about correlation 
of their high momentum particles with 

particles emerging from the collisions 
in the opposite direction. They are 
likely to be there throughout 1973 
and may be joined by the CERN, 
Columbia, Rockefeller contingent who 
would add their lead glass counters 
to the detection system making it 
almost symmetric. 
I-2 The CERN, Holland, Lancaster, 
Manchester study of stable particles 
at small angles will have the spectro
meter realigned. The Bologna experi
ment on particle production at medium 
angles stays virtually as it is until 
March (when the Argonne septum 
magnet will be repatriated). The same 
goes for the Scandinavian, UK experi
ment mentioned in the last issue 
(page 418). There is however a pro
posal to suspend a magnet up in the 
air from their equipment to serve for 
calibration in the UK Universities 
intermediate boson search on the 
opposite side of the beams. They want 
to calibrate their large muon detector 
using the cosmic rays passing through 
this analysing magnet. 
I-4 This region is being cleared 
ready for the installation of the Split 
Field Magnet (see vol. 12, page 235), 
probably about May. In the meantime 
it will be used for testing the multiwire 
proportional chambers (MPCs) which 
will be installed in the magnet and all 
their data collection chain right 
through to the computer. 
I-6 Complete clear out also. The 
CERN, Rome elastic scattering meas
urements at very small angles are 
complete (the well known Roman 
pots are therefore being taken out) 
and the complementary Aachen, 
CERN, Genoa, Harvard, Turin experi
ment is being radically modified. They 
will now study the A + + joined by 
UCLA and their two magnets will be 
rebuilt into a single unit with an 
aperture extending above and below 
the downstream side of )one of the 
beams. This will not be ready for 
installation during the shutdown and 

the team will therefore start with more 
elastic scattering measurements using 
a new thin-walled bicone chamber at 
the intersection point and adding 
MPCs to their detection system as 
they become available. 
I-7 This region will be used for 
experimentation for the first time and 
will see the first application of a 
Visual' detection technique all around 
one intersection of the ISR. A streamer 
chamber is to be used by an Aachen, 
CERN, Munich team. It will be wrap
ped around a bicone vacuum cham
ber and triggered by counters. We will 
be coming back to this streamer 
chamber soon after it starts recording 
particles. It is likely to stay in I-7 for 
about a year; later on this intersection 
is needed for low beta insertion 
studies aiming for higher luminosity. 
I-8 The present inhabitants (Pisa, 
Stony Brook team) will stay virtually 
undisturbed except for the addition of 
lead converters to help in the detec
tion of neutrals in their measurement 
of total cross-section. They will be 
joined by the CERN, Rome team with 
an exotic detection system which has 
posed some intriguing installation 
problems. They will study particle 
production in the forward direction 
using a single arm spectrometer taking 
negative particles emerging beyond 
the first magnet of the ring after the 
collision region. A special vacuum 
chamber is being prepared for this 
magnet and the location of the 
spectrometer requires the reversal of 
another ring magnet (this had been 
anticipated and reverse yoke magnets, 
with special vacuum chambers be
cause of the aperture configuration, 
are available). A septum magnet 
followed by four Cherenkovs, a neutral 
detector and shower counter will all 
be movable by remote control. 

When the ISR comes on again 
after the shutdown, its experimental 
programme will be renewed as a 
result of all this new installation. 
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Around 
the 
Laboratories 

Schematic diagram of the recirculating linear 
accelerator (RLA) proposed at Stanford. 
The existing 25 GeV electron linac accelerates 
from left to right in the diagram feeding 
experiments via the beam switchyard (BSY). 
If electrons are alternatively stored in the 
recirculator, while the linac prepares for another 
pulse, they can be accelerated again reaching 
almost twice the present peak energy. 

STANFORD 
Recirculating linac 

Of all the proposals for new machines, 
or major developments of existing 
machines, currently under discussion 
in the USA, the Stanford Recirculating 
Linear Accelerator (RLA) seems the 
one most likely to roll in the fairly near 
future. Other proposals, such as the 
superconducting high energy storage 
rings (ISABELLE) promoted at Brook-
haven, the proton-electron-positron 
(PEP) storage rings promoted by 
Berkeley and Stanford or the NAL 
energy doubler, would open up more 
physics but are likely to be much more 
costly and technologically difficult. 
They will thus almost certainly require 
more time in the digestion process 
before any of them is given the go-
ahead. 

The RLA is designed to increase 
electron energies available at the 
Stanford Linear Accelerator (which 
currently yields peak energies of 
around 25 GeV) by passing the elec
tron beam a second time through the 
linac. This idea of making multiple use 
of a linac is not new (see for example 
A.A. Kolomensky at the Cambridge 
Accelerator Conference in 1967, vol. 7, 
page 201). It has been under serious 
study at Stanford for about two years. 
Particularly when difficulties were 
encountered in realizing the potential 

of superconducting cavities, a recir
culating scheme seemed the best bet 
for achieving higher electron energies. 
This is additionally true when the 
accelerating unit already exists and 
when account is taken of the difficult 
life that synchrotron radiation gives 
in circular electron machines of high 
energy. 

The main features of the proposed 
RLA at Stanford are as follows: The 
electron beam is accelerated in the 
existing machine to 20 GeV and fired 
into the recirculator which is a storage 
device consisting of two long straight 
sections (which will sit above the 
present accelerator in the same tunnel) 
linked by two loops where magnets 
bend the electrons round to travel 
back through the tunnel in the oppo
site direction. . The total distance 
around the recirculator is 6.9 km and 
each loop has a radius of 95 m. 

When the electrons have swirled 
around this system 120 times (taking 
2.8 ms) the klystron units of the 
accelerator are ready to fire again and 
the beam can be reinjected at the input 
end of the linac to receive the full 
25 GeV as additional energy. The peak 
energy is thus raised to 45 GeV. There 
is another interesting possibility which 
gets around the low duty cycle limita
tion of electron linacs to some extent 
— the stored beam could be "spil led" 
to experiments over many turns around 
the recirculator. Using the RLA as a 
beam stretcher, spilling about 1 % of 

the beam per revolution, could take 
the duty cycle to 7 % compared with 
the present duty cycle of 0.06 %. 

Since the electrons are forced 
around bends, the old problem of 
synchrotron radiation has to be taken 
into account. R.F. accelerating stations 
will therefore be installed in the re
circulator to put back the lost energy. 
The aim is to be able to cope with 
20 GeV beams of low current or 
17.5 GeV beams in excess of 20 mA. 
Systems involving two or three sectors 
have been considered and the favourite 
variant at present is a two sector 
system powered by klystrons with a 
peak power of 500 kW. 

Also in a straight section will be the 
beam stretcher system. Two tech
niques are being studied (Coulomb 
scattering and magnetic perturbation 
methods) and each seems capable of 
efficiencies in the 95 % range. 

In the loops, alternating gradient 
magnets will be used with one focus
ing and one defocusing magnet per 
cell. Each cell achieves a 5° bend 
giving a total of 160 magnets. Their 
detailed design is under study. Other 
bending magnets are needed in the 
reverse bends connecting the loops 
to the straight sections. In addition 
there will be about 100 quadrupole 
focusing magnets of various types. 

Careful design is needed to ensure 
that the beam quality is retained in 
the recirculator so that no trouble will 
be experienced when the high energy 
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Concrete magnets now in action: 

1. A bending magnet built at Rutherford which 
has since been installed in a beam-line at 
Daresbury. 
(Photo Rutherford) 

2. A quadrupole built at Lintott Engineering Ltd. 
which is shown installed in a beam-line at DESY. 
It has already outlived a conventional quadru
pole in the radiation environment to which 
it is exposed without sign of deterioration. 
(Photo Lintott) 

electrons are passed again through 
the linac. To retain a repetition rate 
of 360 pulses per second, the acceler
ator will have to cope with both a 
"new" low energy beam and the 
stored high energy beam going 
through its structure at the same time 
(otherwise the repetition rate will drop 
to 180 pulses per second). The quality 
of the stored beam must therefore be 
capable of being handled by the 
focusing system which handles the 
low energy beam. The beam optics of 
the RLA are therefore receiving a lot 
of attention. 

An RLA Steering Group was set 
up at Stanford in the autumn of last 
year with several of the Laboratory's 
leading accelerator physicists de
voting their full time to pushing the 
project forward. The Group consists of 
J.R. Rees, W.B. Herrmansfeldt, D. 
Coward (beam switchyard), A. Lisin 
(chief mechanical engineer), R. Scholl 
(chief electrical engineer) and P.B. 
Wilson (r.f. system). Cost estimates 
are in the region of $ 15 million and 
the recirculator will take three years 
to bring into action from the time the 
project is authorized. 

RUTHERFORD/DESY/ 
DARESBURY 
Concrete magnets 
Several years ago (see vol. 9 page 172) 
the idea of using concrete in magnets 
as an insulation material extremely 
resistant to radiation came up at the 
Rutherford Laboratory from the work 
of R. Sheldon and G.B. Stapleton. 
After a period of research on the use 
of mineral materials, it was demons
trated that magnets could be effec
tively insulated using water setting 
cements. Two prototypes have now 
been constructed which can act as 
replacements for conventionally insu
lated magnets. One of them is a 

bending magnet constructed at the 
Rutherford Laboratory, and the other 
a quadrupole, Constructed at Lintott 
Engineering Ltd. The dipole is in action 
at Daresbury and the quadrupole at 
DESY. 

The bending magnet is similar to 
the standard dipole H5 used at the 
Daresbury Laboratory and has 160 
turns producing a field of 1.14 T at 
375 A. When the magnet had been 
conditioned to completely dry-out the 
insulation, it was tested and gave the 
following results: the resistance was 
0.184 a at 20°C; the insulation was 
400 MO at 2 kV d.c. between the 
conductor and earth and between the 
coil pancakes. 

The magnet has now had approxi
mately 1000 hours in service at Dares
bury at a low radiation level and has 
performed without trouble. It is now 
planned to reinstall it in another region 
where it will be required to sustain a 
much higher radiation dose. 

The quadrupole design is similar to 
the standard DESY quadrupole magnet 
and has 35 turns per pole to produce 
a field gradient of 0.17 T/cm at 1000 A. 
The measurements after dry out were: 
a resistance of 0.038 n at 20°C and an 
insulation of 54.5 MO at 2.5 kV d.c. 
The magnet was then despatched to 
Hamburg for installation at DESY. 

A convenient opportunity for testing 
the abilities of the concrete insulation 
arose when a conventional quadrupole 
in a high radiation position just 
downstream of the linac failed for 
reasons most probably due to radiation 
damage. This occurred after some 
5000 hours of operation and examina
tion of the coils showed considerable 
blackening which intensified in the 
horizontal plane. Blistering and crack
ing was observed and, in the most 
exposed region, resin degradation 
which looked like charring. Monitoring 
the coil with a hand probe indicated 
that the regions of highest induced 
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radioactivity corresponded to those 
showing the severest degradation. It 
is difficult to estimate the dose the 
magnet received since it is not known 
if the irradiation was sustained 
throughout the total period or if the 
major dose occurred over a limited 
period. Comparing the appearance of 
the epoxy resin of the coil with 
specimens of epoxy irradiated to high 
levels in the laboratory suggests that 
the highest dose could have been well 
in excess of 10 1 0 rads. However, it is 
possible that radiation heating aggra
vated the degradation. 

The concrete quadrupole was in
stalled in this position and after being 
in service for a similar time to that of 
the conventional magnet continues 
to perform without problem. The only 
superficial signs of radiation are 
degradation of the paintwork; this is 
mainly on the upstream face in a 
horizontal band some 5 to 10 cm wide 
across the median plane. A new 
insulation test between the conductor 
and ground gave a resistance in 
excess of 50 MO. 

Some concern had been expressed 
about the condition of concrete after 
prolonged irradiation, although expe
rience with reactors suggested that the 
properties of concrete would not be 
significantly affected. In order to 
examine the concrete in contact with 
a coil, a dryout plug was removed 
from a position corresponding to the 
region of highest dose. The concrete 
exposed by removing the plug was 
found to be extremely hard with no 
signs of any crumbling or other 
mechanical damage. It is expected 
that this magnet will continue in 
action in its high radiation environ
ment. 

Following these encouraging re
sults, a larger quadrupole magnet is 
being designed at Rutherford. It is 
intended to replace a conventionally 
insulated quadrupole in a high dose 
region close to an extracted proton 

Recent photographs from the National 
Accelerator Laboratory, Batavia: 

1. Aerial view of the site looking from the 
north-west side. In the foreground is the central 
laboratory area. The shapes of the high rise 
building and of the Booster pond are easily 
distinguishable. The main ring, 2 km in diameter 
is picked out by the water channel and the 
service buildings. The ejected proton beam 
goes off to the experimental areas bottom left. 

2. Zooming in on the central laboratory area, 
this photograph was taken from the high rise 
building looking out over the Booster pond 

where the water sprays are part of the machine 
cooling system. On the right is the linac 
feeding the Booster ring at 200 MeV. On the 
left parallel to the linac is the 'transfer hair where 
the 8 GeV beam is sent to the main ring. 
(The Booster incidentally provided its design 
number of 13 successive pulses for the main 
ring for the first time on 13 December.) 
Joining these two parallel buildings is the 
'cross gallery' with the main control room 
at its centre. Just visible in the foreground 
of the picture is a part of the circular 
auditorium which is linked to the high rise 
building. 
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3. The high rise building itself. The full 
sixteen floors have now been constructed 
and the offices etc. will be ready to receive 
Laboratory staff after March of this year. 
Ail the activities which have been based in the 
NAL village, for example, will be moved 
to this Central Laboratory Building. 

4. The Neutrino Laboratory. This is one of the 
three experimental areas (the others being known 
as the Proton Laboratory and the Meson 

Laboratory) and is the location of the two bubble 
chambers. The large building top centre, 
which has temporary barrack offices in front 
oe it, houses the 30 inch hydrogen bubble 
chamber. The largd building bottom right, with 
the sphere outside, houses the 15 foot chamber. 
The bubble chamber control room can be seen 
topped by its geodesic dome which is made 
from panels of'pop cans' sandwiched between 
epoxy sheets. 

(Photos NAL) 

beam target at the proton synchrotron, 
Nimrod. This magnet will be con
structed during 1973. 

Throughout the preparation and 
construction work on these magnets 
the Rutherford Laboratory has had 
the help and advice of J.F. Raffle of 
Loughborough University of Tech
nology where research is under way 
on the application of concrete mixes 
for magnet insulation. 

DARESBURY 
Polarised target in 
photon beam 
The Liverpool University polarised 
proton target has been improved by 
replacing the He 4 cooling system by 
a He 3 system thus increasing the 
polarisation. This is the first time an 
He 3 system has been used for this 
purpose at an electron accelerator. 
The target temperature is about 0.5 K 
giving an initial polarisation of about 
6 0 % in a butanol target. The target 
is playing an essential role in the 
programme of pion photoproduction 
experiments in progress at the 5 GeV 
synchrotron. 

Photoproduction experiments can 
be classified into three groups accord
ing to the incident photon energy. 
Below 2 GeV there is the resonance 
region, above 3 GeV is dominated by 
Regge exchanges and in between lies 
a region of rapid transition from 
resonance to Regge. All three regions 
are being studied at Daresbury. The 
primary objective in the resonance 
region is to obtain the electromagnetic 
couplings (i.e. the radiative decay 
widths of the nucleon resonances). 
Just as radiative transitions in nuclei 
play an important role in elucidating 
nuclear structure, so radiative decays 
of nucleon resonances play an im
portant role in elucidating baryon 
structure. 
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The photoproduction experimental area 
at Daresbury showing part of the high 
resolution proton spectrometer arm. In the 
centre is the polarized proton target recently 
refurbished with a He3 cooling system to 
achieve a target temperature of 0.5 K. On the 
right is an array of lead glass Cherenkov counters. 
The apparatus is being used to study photon-
polarized proton interactions giving neutral 
pion and proton. 

(Photo Daresbury) 

A model of the 8 GeV proton synchrotron being 
built at Tsukuba near Tokyo, Japan. A 20 MeV 
linac feeds a 500 MeV booster which in turn 
feeds the main ring. Experimental areas will be 
prepared for electronics experiments and for 
a bubble chamber (to the right). 

(Photo National Lab. for HEP, Japan) 

The reasons for studying high 
energy reactions are precisely the 
same as in hadron induced reactions 
— to investigate the nature of the 
reaction mechanisms and to try to 
understand the connection between 
the resonance and Regge regions 
(to try to put substance into such 
concepts as duality which says, in a 
rather ill-defined way as yet, that the 
resonances build-up the Regge poles 
and conversely the Regge poles build
up the resonances). 

Pion photoproduction at a given 
energy and angle can be described by 
four independent helicity amplitudes 
(four complex numbers). An analysis 
requires as much data as possible on 
differential cross-sections, polarised 
target asymmetries (or recoil nucleon 
polarisation) and polarised photon 
asymmetries. A survey of world data 
reveals the paucity of polarisation data 
which makes the use of polarised 
targets and polarised photon beams 
at electron accelerators particularly 
important. The Liverpool target has 
been used for photoproduction experi
ments at Daresbury for eighteen 
months and commissioning of a 
polarised photon beam is under way. 

The current target uses He 3 as 
refrigerant to obtain a temperature of 
about 0.5 K and superconducting 
coils in the split pair configuration to 
provide a magnetic field of 2.53 T. 
The target material is butanol with 5 % 
water in the form of frozen beads con
tained in a holder 15 mm in diameter 
and 24 mm long. The polarisation and 
the radiation dose are measured every 
8 seconds and are calculated and 
displayed by an on-line computer as 
well as being transmitted to the central 
computer for storage and later use. 

Currently, the beam enters the 
target between the super-conducting 
coils at right angles to their axis. The 
protons are polarised perpendicular 
both to the incident beam and to the 
scattering plane. However, an advan-
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tage of split pair coils is that the 
direction of beam entry can also be 
parallel to their axis and the protons 
are then polarised parallel or anti-
parallel to the beam. Plans to achieve 
this longitudinal polarisation arrange
ment are well under way. 

Radiation damage of the target is 
a serious problem in pion photo-
production experiments because of the 
high intensity photon beams required. 
The radiation damage not only reduces 
the polarisation but can also reduce 
the accuracy of the polarisation 
measurement when the beam intensity 
distribution is not uniform, it is, there
fore, necessary to make frequent stops 
during data taking to anneal out 
radiation damage and eventually to 
change the target material. 

The first two polarised target experi
ments at Daresbury — the first ever on 
neutral pion photoproduction in the 
Regge region — were carried out 
using an He 4 cooled target operating 
at 1 K. The third experiment (in the 
resonance region) which has just been 
completed, used the new He3 system. 
The effect of radiation damage at 
0.5 K proved to be less than at 1 K. 
It was also found that, even at the 

maximum usable photon beam inten
sity (about 4 x 10 1 0 equivalent quanta 
per second), loss of polarisation due 
to beam heating is negligible. Thus the 
change to the He 3 system, resulting in 
a large increase in polarisation, has 
made the target more efficient for the 
continuing study of pion photo-
production. 

JAPAN 
Synchrotron 
construction 

The first components of the 8 GeV 
proton synchrotron are coming to
gether at the National Laboratory for 
High Energy Physics at Tsukuba near 
Tokyo. The preinjector platform is 
installed and high voltage tests with 
the 750 kV pre-injector have begun. 
Manufacture of the 20 MeV linac 
tank and the drift tubes (being made 
to unusually high tolerences) is under 
way. Prototype magnets have been 
made for the booster and main ring. 

The linac will feed a 500 MeV fast 
cycling booster using multi-turn injec-

- Low cost Single Crate Controller 

- Individual priority level selection 

- Transparent operation in Read/Write 
mode, Each crate sub-address appears 
as a peripheral on the Uni-bus 

- Single-cycle operation for all dataless 
Carnac functions 

- Two-cycle mode handles 24 bits 

-16 individual vector adresses speed 
LAM handling 

Via compt&mmtaty modules: 

- Auto address scanning and block 
transfers in NPR mode 

- Remote operation up to 200 metres 
or more with Uni-bu$ Extender 

4500 SOLOTHURN 2, SWITZERLAND 
tel: 065/4 88 21 telex; 3422S 

tion. The booster is a combined-func
tion machine, 12 m in diameter with 
a peak magnetic field of 1.1 T and a 
repetition rate of 20 Hz. Its space 
charge limit is 3 x 10 1 2 protons per 
pulse. Nine pulses will be transferred 
to the main ring per machine cycle. 

The main ring is 108 m in diameter 
and is designed for 8 GeV initially but 
with the possibility of climbing to 
12 GeV later by increasing the peak 
magnet field which is 1.2 T for 8 GeV. 
The magnet aperture is 1 4 x 5 cm 2 . 
The main ring is separated-function 
and is designed for a beam intensity 
of 2 x 10 1 2 protons per pulse or above 
(the calculated space charge limit is 
10 1 3 ppp) with a pulse repetition rate 
of 0.5 Hz. Power supplies for both the 
main ring and the booster will use the 
static compensator system. 

Laboratory personnel has now 
grown to eighty people and by the 
time the accelerator is operating is 
expected to reach 270. Budgets have 
been agreed through to the completion 
of machine construction in 1975. The 
total cost over four years up to this 
date is fixed at about 120 million 
Swiss francs of which about 40 MSF 
is allocated to the accelerator itself. 

1 5 



keeping up-to-date o n the 
newest developments in the 

DETECTION AND 
MEASUREMENT OF 
• LIGHT 
• X RAYS 
• * RAYS 
• PARTICLES 
is part of your job, let us 
help you, without obligation, 
by enrolling you in Philips' 

FREE TECHNICAL 
INFORMATION 
SERVICE. 
A reply to this advertisement 
will place your name on our 
circulation list. Please write to: 

Philips Industries 
Elcoma Division - Geb. BF1 
Nuclear Devices Group 
Eindhoven-The Netherlands 

I n f o r m a t i o n w i l l b e 

s u p p l i e d o n t h e f o l l o w i n g 

n u c l e a r d e v i c e s a n d t h e i r 

a p p l i c a t i o n s : 

P h o t o m u l t i p l i e r s 

P h o t o s c i n t i l l a t o r s 

L i g h t g u i d e s 

L i g h t p u l s e s o u r c e s 

P h o t o t u b e s 

S e m i c o n d u c t o r r a d i a t i o n d e t e c t o r s 

G e ( L i ) t r u e c o a x i a l 

D o u b l e a n d s i n g l e o p e n e n d e d 

G e r m a n i u m i n t r i n s i c p l a n a r 

S i (L i ) X - r a y 

S i (L i ) p a r t i c l e 

S i l i c o n s u r f a c e b a r r i e r 

S i l i c o n d i f f u s e d 

C h a r g e s e n s i t i v e p r e a m p l i f i e r s 

C r y o s t a t s 

D e w a r s 

G e i g e r M u l l e r t u b e s 

P r o p o r t i o n a l c o u n t e r s 

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

C h a n n e l p l a t e s 

N e u t r o n g e n e r a t o r t u b e s 

Electronic 
Components 
and Materials PHILIPS 

The tapered slabbing and reaming drill is 
economical and very useful 

D R I L L F I L E 
special drill 

for the economical mounting of car aerials and car 
radios, car calling units as well as telecommunication 
devices DRILLFILE is recommended by leading firms 
all over the world. In its measurements DRILLFILE 
accommodates all requirements. 

T IPSWITOOL 
1564 DOMDIDIER/Switzerlancl 

FLUKE INFORMATION 

Nouveau mult imetre 
digital 
Fluke 8000 A 

2 6 g a m m e s 

O, A C , D C , c o u r a n t e t t e n s i o n 

3 , 5 d i g i t ( ± 2 0 0 0 d i g i t s ) 

r e s o l u t i o n : 1 0 0 ( j . V D C + A C ; 1 0 0 n A D C + A C ; 0 , 1 0 

p r e c i s i o n e n D C : 0,1 % su r 1 a n n e e 

o p t i o n s a v e c a c c u m u l a t e u r s o u s o r t i e B C D 

Pr ix F r . 1 2 4 0 . -

Demandez la documentat ion complete 

Kontron Electronic AG 
Bemerstrasse 169,8048 Zurich, Telefon 01 62 82 82, Telex 57439 
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Big system power. Mini-computer price. 
Big power. The new PDP-11/45. 64-bit multi-accumu

lator floating point hardware with memory expansion to 
248K bytes. Complete memory management hardware for 
dynamic relocation and protection. Dual ported memories. 
Three protected processor environments for multi-program
ming. 16 general-purpose registers. Stack and double -
address operations. 

Mini-COmpuler price. OEM prices start at Fr. s. 85 800 
including 8K of core and console terminal - before quantity 
discounts. 

Speed. 300 nanosecond instruction execution. 
Three hundred nanosecond solid-state memories. Fast 
floating point. (Single precision 2-word multiply in 6 micro
seconds. Double precision, 64-bit multiply in 9 micro
seconds.) 

Systems nOW. Systems availablejinclude BATCH-11, a 
batch operating system; RSX-11 D, a disk-based background/ 
foreground real-time system executive; and RSTS-45, a 32-
user time-sharing system. Also fully supported on the 11/45 
is DOS with FORTRAN-IV, a MACRO-11 assembler, a 
complete set of utilities, and more. 

Several PDP-11/45 's are already installed in Europe and we 
have complete descriptive literature. Write or call: 
Digital Equipment Corporation International - Europe, 
81, route de I'Aire, 1211 Geneva 26, 
Tel. (022) 42 79 50. 

Offices in Reading, London, Manchester, Birmingham, 
Edinburgh, Munich, Cologne, Frankfurt, Hannover, 
Stuttgart, Vienne, Stockholm, Oslo, Copenhagen, 
Helsinki, Paris, Grenoble, The Hague, Brussels, Zurich, Milan. 
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S o m e p e o p l e still h a v e t h e i d e a that TV c a m e r a s 
n e e d g o o d l igh t ing c o n d i t i o n s b e f o r e t h e y c a n 
w o r k effectively. T h e r e is, of c o u r s e , a w i d e r a n g e 
of v i d i c o n s for t u n g s t e n o r day l i gh t cond i t i ons , b u t 
until y o u k n o w a b o u t o u r l o w l ight l e v e l t u b e s y o u 
h a v e n ' t r ea l ly s e e n a n y t h i n g . 

You can, for e x a m p l e , s e e a b l a c k cat in a d a r k 
r o o m , c l ea r ly , s h a r p l y , c o n t i n u o u s l y - w i t h l ight 
l e v e l s as l ow as 10"5 foot c a n d l e s . To d o this a 
h igh-sens i t iv i ty 3-inch i m a g e i s o c o n is u s e d f ib re -
opt ica l ly c o u p l e d to a c o m p a c t i m a g e intensi f ier 
w h i c h ampl i f ies l ight 150 t imes . 
Sens i t ive t h o u g h this unit is, it c a n ' t b e pu t out 
of ac t ion b y b r i g h t l ights . A p p l i c a t i o n s i n c l u d e 
n igh t o b s e r v a t i o n , a s t r o n o m y , m i c r o s c o p y a n d 
n u c l e a r p h y s i c s . 

CRC 28 

ATELIERS DE CONSTRUCTIONS 
ELECTRIQUES DE METZ 
Societe Anonyme au capital de 2400000 francs 

Siege social: 
7-11, rue Clotilde-Aubertin 
57 - M E T Z 
Service commercial: 
Voie romaine - Pont-de-Semecourt 
5 7 - M A I Z I E R E S - L E S - M E T Z 

Transformateurs de puissance 
a refroidissement a air, a I'huile, au pyralene 
jusqu'a 110 000 volts 

Usine de Metz : 
Transformateurs de 2500 a 100 000 KVA 

Telephone: 68 6080 et 68 90 80 
Telegramme: ELECTRICMETZ 
Telex: 86237 F ACEMETZ 

Usine de Maizieres-Les-Metz (57) : 
Transformateurs de 25 a 2000 KVA 

Telephone: 602611 
Telex: 86418 F ACEMAIZI 

benilec s.a. 
N E W f r o m P R I N C E T O N G A M M A - T E C H . 

U l t r a P u r e G e r m a n i u m R A d i a t i o n D e t e c t o r s - U P G R A D ser ies 

S h i p p i n g a n d s t o r a g e a t r o o m t e m p e r a t u r e . 
N o w a r m - u p p r o b l e m s . N o I o n P u m p n e c e s s a r y . 

U P G R A D d e t e c t o r s d o n o t r e q u i r e f a c t o r y r e p r o c e s s i n g if 
a l l o w e d u p t o r o o m t e m p e r a t u r e . J u s t re f i l l c r y o s t a t w i t h l i q u i d 
n i t r o g e n t o o b t a i n o r i g i n a l d e t e c t o r p e r f o r m a n c e . 

T Y P I C A L S P E C T R U M 

164eV 

N O T E b e n i l e c s .a . c a n s u p p l y a n d m a i n t a i n pa r t i a l o r c o m p l e t e 
s y s t e m s f r o m o u r p r i n c i p a l s w i d e r a n g e o f p r o d u c t s . 
P R I N C E T O N G A M M A - T E C H . D e t e c t o r s G e ( L i ) ' s , S i ( L i ) ' s , 
S i . S u r f a c e Bar r ie r . 

T E N N E L E C I N C . N . I . M . m o d u l e s . U l t r a l i near , l o w no i se 
a m p l i f i e r s e t c . 

N O R T H E R N S C I E N T I F I C I N C . W i d e r a n g e o f P .H .A . s y s 
t e m s a n d A . D . C . ' s . 

G . E . C . E L L I O T T A U T O M A T I O N L T D . f o r C A M A C . 

For m o r e i n f o r m a t i o n c o n t a c t B O B B R O O M F I E L D . 

benilec s.a. 
1 7 , r ue d u M o n t - B l a n c - 1 2 0 1 G E N E V E 
T E L . ( 0 2 2 ) 3 1 1 6 5 5 / 5 6 - T E L E X 2 7 3 4 7 . " C O M D A " 



C e r t a i n scientific w o r k , o r s u r v e i l l a n c e 
app l i ca t i ons , m i g h t d e m a n d t u b e s that a r e 
s e n s i t i v e to i n f r a - r ed o r u l t ra -v io le t l ight, EEV 
v i d i c o n s a r e ava i l ab l e wi th s p e c i a l p h o t o s u r f a c e s 
to satisfy t h e s e r e q u i r e m e n t s . T h e y ' r e a lso avai l 
a b l e as sho r t - l ag t y p e s for h i g h l ight l e v e l s o r l o n g -
l a g t y p e s for i n t e g r a t i n g l ight o v e r i to i s e c o n d , 
t h e la t t e r for v i e w i n g r e p e t i t i v e l ight of l ow l e v e l s , 
s u c h as r a d a r s c r e e n s emit . 

In t he EEV i m a g e i s o c o n r a n g e t h e r e ' s a t u b e 
that c a n g i v e r a d i o l o g i s t s a b r i g h t , m o v i n g X-ray 
p i c t u r e in d a y l i g h t - wi thout e x p o s i n g a pa t i en t to 
h i g h X-ray d o s a g e . In fact d o s e r a t e s as l o w as 5 
m i c r o - R o n t g e n s p e r s e c o n d c a n b e u s e d , so 
e n a b l i n g p r o l o n g e d d i a g n o s t i c s tudy . 
Ask for de ta i l s of t h e s e o r a n y o t h e r EEV c a m e r a 
t u b e s for i ndus t r i a l a n d spec ia l i s t app l i ca t ions . : 

EEV know how. 
E N G L I S H E L E C T R I C V A L V E C O L T D , C h e l m s f o r d , E s s e x , E n g l a n d , C M 1 2 Q U T e l : 0 2 4 5 6 1 7 7 7 T e l e x : 9 9 1 0 3 G r a m s : E n e l e c t i c o C h e l m s f o r d 
A m e m b e r o f THE GEC ELECTRONIC T U B E CO L T D , a m a n a g e m e n t c o m p a n y w h i c h u n i t e s t h e ac t i v i t i e s o f Eng l i sh E lec t r i c V a l v e Co L t d a n d T h e M - 0 V a l v e Co L td 

Positions 
available 

The Institute of Particle Physics invites appli
cations for several research positions in Exper
imental High Energy Physics tenable at one 
of several universities in Canada. Salary and 
rank will be appropriate to the qualifications 
and experience of the successful candidate. 
Please address curriculum vitae to: 

P r o f e s s o r B. M a r g o l i s 

C h a i r m a n o f C o u n c i l 

I n s t i t u t e o f Pa r t i c l e P h y s i c s 

P h y s i c s D e p a r t m e n t 

M c G i l l U n i v e r s i t y 

M o n t r e a l 1 0 1 , Q u e b e c , C a n a d a 

STEPHE 

QUARTZ FIBRE 
POCKET DOSIMETERS 

Ask for literature giving details of full range and charging unit 

R.A. STEPHEN & CO. LTD. 
M I L E S R O A D — M I T C H A M E N G L A N D C R 4 3 Y P 



QV1RTRL 
7 4 , r o u t e d e P o r r e n t r u y 

2 8 0 0 D E L E M O I M T , S u i s s e 

Production d'outils coupants et 
de pieces speciales en carbure 
de tungstene. 
Bureau de construction 
d'outils speciaux. 
Laboratoire de recherche en 
nouveaux procedes d'usinage. 
Construction de machines 
pour pieces speciales 
de haute precision. 

Precision roller chains and 
wheels for power transmission 

Chains, wheels and attachments 
for mechanical handling 

Gears and Gear units 

Couplings, clutches and brakes 

Variable speed systems 
And most other associated products for 
power transmission and mechanical handling 

For technical advice on the complete range of power transmission products: 

RENOLD (SWITZERLAND) GmbH 
RINGSTRASSE 16 • POSTFACH • 8600 DUBENDORF 
Tel: 01 85 95 85 Telex: 55574 

RENOLD (SWITZERLAND) GmbH 
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Think about the software 
before you buy the hardware 

EG&G/Ortec's new CAM AC scalers are software-compatible. 

Until now, whenever you substituted one 
CAM AC scaler for another in the system, 
you had to fiddle around with the software. 
Sometimes the fiddling became a major 
hassle. 

To relieve these headaches, EG&G/ 
Ortec now introduces a new series of 
CAMAC quad scalers that fully conform to 
the most recent specifications of EUR-
4100 and AEC TID-25875. The series is dis
tinguished by the most advanced LAM 
structure yet implemented in CAMAC, and 
total software compatibility. 

Series 424 includes three scalers: 
200MHz (the S424F), 150MHz (the S4248), 
and 50MHz (the S424S). The slow one has 
inputs for both NIM positive and NIM fast 
logic. Since all three use exactly the same 
software, you can substitute any one for 
any other wi thout rewri t ing system 
software. 

Pricing is comparable to that of other 

CAMAC scalers. But considering the cost 
of frequent software modifications you'd 
otherwise have to contend with, our new 
Series 424 scalers will actually save you 
time and money, 

We'd like to send you a data sheet on 
any or all of the series, Just contact your 
nearby Ortec representative or EG&G/ 
Ortec High Energy Physics Products, 500 
Midland Road, Oak Ridge, Tenn. 37830, 
Phone (615) 482-4411, In Europe: Ortec 
Ltd,, Dailow Road, Luton, Bedfordshire. 
Phone LUton 27557. Ortec GmbH, 8 Miinchen 
13, Frankfurter Ring 81, West Germany. 
Phone (0811) 359-1001, 

n 
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FORTHE PHYSICIST 
Octal ADC 9040 

•X- Eight channel 8 bit 
ADC's in single 
width module 

Dual register, giving 
fast readout times 

Accepts "fast" pulse 
inputs 

Charge sensitive 
inputs 

Built in test facility 

No special 
components; top-
leading IC's providing 
ease of servicing 

100 MHz Scalers 

* 003 quad 16 bit 

4f 002 dual 16 bi t with 
.indication of overflow 
and least significant bits 
(illustrated left, NE type 9008) 

* 003 and 002 fully 
meet CERN 
specification. 100 
MHz versions now 
available, normally 
ex-stock 

Nuclear Enterprises Limited now offers the largest range 
of CAMAC available from any single company. 
Equipment has been supplied to major laboratories in 
Britain, Europe, North and South America, Australasia, 
Africa and the Far East. 

In addition to the wide range of modules offered, 
complete systems have been supplied for microprobe 
analysis, diffractometer control, data logging, multi
channel analysis, gamma camera interface, scaler readout 
systems, cyclotron control and other special applications. 

Please contact our Beenham laboratories for full details 
on modules and systems. 

<%> 
1 I i t 

NUCLEAR 
ENTERPRISES 
LIMITED 
B a t h R o a d , B e e n h a m , R e a d i n g R G 7 5 P R , E n g l a n d . 
T e l ; 0 7 - 3 5 2 1 2 1 2 1 . T e l e x : 8 4 4 7 5 . 
C a b l e s : D e v i s o t o p e , W o o l h a m p t o n . 
A s s o c i a t e C o m p a n i e s : N u c l e a r En te rp r i ses G m b H , 
8 M u n i c h 2 , Kar ls t rasse 4 5 , W e s t G e r m a n y . 
T e l : 55 3 0 0 3 . T e l e x : 5 2 9 9 3 8 . 
N u c l e a r En te rp r i ses Inc . , 9 3 5 T e r m i n a l W a y , S a n Ca r l os , 
Ca l i f o rn i a 9 4 0 7 0 . T e l : 41 5 - 5 9 3 - 1 4 5 5 . T e l e x : 3 4 8 3 7 1 . 
S w i s s A g e n t s : 
H i g h E n e r g y a n d N u c l e a r E q u i p m e n t S .A . 
T e l . (022) 98 25 8 2 - 9 8 25 83 
2 , c h . d e T a v e r n a y , G r a n d - S a c o n n e x , 1 2 1 8 G e n e v a 
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looking for an advanced microwave tube 
bet we have it, and we'll provide whatever application support is needed. 

Our experience in the development and 
manufacture of professional electron 
tubes dates back more than 60 years. 
Prior to the second world war, 
THOMSON-CSF engineers had developed 
one of the first magnetrons in the world, 
for radar use. Also, our S-band, 1 kW 
Klystron was operational by the year 1947. 
Since then, THOMSON-CSF's 
development efforts in the field of 
Microwave Tubes have continued to 
provide advanced tube designs for all 
kinds of applications varying from 
altimeter radars to satellite 
communications. The list of tubes 

manufactured by THOMSON-CSF is 
perhaps the most comprehensive 
imaginable and to mention just a few, 
klystrons (both pulse and CW types), 
magnetrons, traveling wave tubes, 
carcinotrons, millimeter frequency 
BWO's (up to 600 GHz). Our catalog 
contains information on hundreds of 
Microwave Tubes we presently 
manufacture, and modified designs are 
available for your particular application. 

So be sure to contact the nearest 
THOMSON-CSF Electron Tube Sales 
Office before firming up your requirement. 

THOMSON-CSF 
G R O U P E M E N T T U B E S E L E C T R O N I Q U E S / 8, R U E C H A S S E L O U P - L A U B A T / 7 5 0 1 5 PARIS / F R A N C E / T E L . 5 6 6 7 0 . 0 4 

Germany - THOMSON-CSF Elektronenrohren GmbH / Am Leonhardsbrunn 10 / 6 FRANKFURT/MAIN / Tel . 70.20.99 
Italy - THOMSON-CSF Tubi Elettronici SRL / Viale degli Ammiragl i 71 / ROMA Tel. 63.80.143 

Japan - THOMSON-CSF JAPAN K.KV Kyosho Bui lding /1 -9 -3 Hirakawa-Cho / Chiyoda-ku / TOKYO / T 102 / Tel. (03) 264-6341 
Sweden - THOMSON-CSF Elektronror AB / Box 27080 / S 10 251 STOCKHOLM 27 / Tel . 08 / 22 58 15 

Uni ted Kingdom - THOMSON-CSF Electronic Tubes Ltd / Bil ton House, Uxbridge Road Ealing / LONDON W 5 2TT / Tel. 01.579.1857 
U.S.A. - THOMSON-CSF Electron Tubes. Inc / 50 Rockefel ler Plaza / NEW-YORK, N.Y. 10020 / (212) 489-0400 
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varian 
makes 

computers 

... like the new V-73 

T h e n e w V a r i a n 73 is l o a d e d , r i g h t 
f r o m t h e s ta r t . It w a s d e s i g n e d t o t a k e 
fu l l a d v a n t a g e o f t h e c o m p r e h e n s i v e 
s o f t w a r e a n d p e r i p h e r a l p a c k a g e d e 
v e l o p e d f o r V a r i a n ' s 6 2 0 - s e r i e s c o m 
p u t e r s , l i k e : E v e n t h e p o w e r - h o u s e 
o p e r a t i n g - s y s t e m s o f t w a r e p a c k a g e s , 

V O R T E X / M O S , a r e f u l l y r a t e d o n V a 
r ian 73. A n d t h e p a c k a g e i n c l u d e s 
D A S a s s e m b l e r s f o r p r o g r a m s w r i t t e n 
in V a r i a n 73 s y m b o l i c l a n g u a g e . 
H i g h e r - l a n g u a g e c o m p i l e r s l i ke F O R 
T R A N IV, B A S I C a n d R P G IV. 

T h e V 73 c o m e s w i t h 330 n s e c fu l l 
m e m o r y c y c l e u s i n g t h e l a tes t s e m i 
c o n d u c t o r t e c h n o l o g y a n d y o u c a n 
e v e n g e t a w a l l o p i n g 660 n s e c in a 
c o r e o p t i o n f o r l ess m o n e y . I/O d a t a 
t r a n s f e r s t o m e m o r y at ra tes e x c e e d i n g 
3 m i l l i o n w o r d s p e r s e c o n d . U p t o 
262 K 16 -b i t w o r d s o f m e m o r y w i t h 
t h e m a p . o p t i o n . 

T h e V 73 is n o t o n l y m i c r o p r o g r a m 
m e d , b u t w i t h m i c r o p r o g r a m m i n g y o u 
c a n g e t y o u r h a n d s o n . A n d fas t . 165 
n s e c m i c r o i n s t r u c t i o n s in 64 -b i t w o r d s 
d i c t a t i n g t h e f l o w o f d a t a t h r o u g h a 
16 r e g i s t e r p r o c e s s i n g s e c t i o n . 

C o n f i g u r e a s y s t e m b y c o n n e c t i n g 
p r o c e s s o r s a n d d u a l p o r t m e m o r i e s t o 
t h e m u l t i b u s a n d y o u h a v e g o t a g i a n t 
m u l t i p r o c e s s o r . 

F o r d e t a i l s p l e a s e c o n t a c t : 

V a r i a n A G 
Z w e i g n i e d e r l a s s u n g B a s e l 
V i a d u k t s t r a s s e 65 
4011 B a s e l , S w i t z e r l a n d 
T e l . 061 22 31 85 T e l e x 62 900 

varian 



L e c a s 
H e w l e t t - P a c k a r d 

Eoscilloscope Le modele 1710 A est venu 
. v**? se joindre a la grande famille 

p O r u l l l I £QS oscilloscopes portatifs 
Hewlett-Packard. C'est un appareil robuste, a double 
canal, 150 MHz. Concu comme instrument de labora-
toire, il peut etre utilise egalement en service 
externe, meme dans des conditions particulierement 
dedicates. 
Son grand ecran de 6 x 10 cm permet une visualisation 
nette et lumineuse des impulsions rapides rencontrees 
frequemment dans les circuits modernes. D'autre part, 
un mode nouveau d'utilisation permet de doubler la 
luminosite, sur une echelle reduite, pour la representa
tion de phenomenes ultrarapides jusqu'alors invisibles 
a l'oscilloscope. Cet instrument possede egalement quel-
ques autres particularity interessantes: 
Une impedance d'entree commutable de 50 ohms ou 
1 megohm, une sensibilite de 5 mV par cm sur toute la 
largeur de bande, des possibilites multiples de declenche-
ments electroniques, 
ainsi qu'une double 
base de temps. 
Une demonstration 
vous convaincra cer-
tainement des possibili
tes etendues de cet 
oscilloscope portatif. 
N'hesitez done pas a 
nous contacter. 

Lc vol tmetre combien ^ e vous 
j • •. i r» est-il arrive de chercher 
d ig i ta l mu l t i f o rme e n vain, un multimetre 
digital, aux qualites multiples, pour le prix modere d'un 
instrument analogue? 
Hewlett-Packard offre aujourd'hui une solution a ce 
probleme et vous presente son modele 3470. II represente 
beaucoup plus qu'un voltmetre digital habituel. II s'agit 
en fait d'un instrument de mesures pratique, polyvalent, 
exemplaire quant a son prix et a ses performances. 
Combinez vous-meme le modele qui vous convient le 
mieux, en utilisant l'unite d'affichage d'une part, et les 
differents modules de mesures d'autre part. Faites-en 
par exemple un voltmetre a courant continu de 
4 gammes, ou encore un multimetre DC/AC possedant 
en outre 6 echelles de mesures de resistances. 
Pour une utilisation independante du reseau, il est 
facile d'intercaler un element batterie. De plus, en nou-
veaute, un module BCD inter
changeable vous est offert pour 
coupler votre multimetre a une im-
primante numerique. D'autres ele
ments sont en preparation, qui 
vous permettront d'etendre ce 
systeme a d'autres types de mesures, 
a tout instant et pour un prix mini
mum. 

—z contact avec nous pour une 
presentation. 

tension ^ n e n e u r e u s e nouvelle pour les constructeurs d'equipements! Une serie entie-
9 * l |% | rement nouvelle de sources stabilisees est offerte a votre choix, et quand 

CJU11 VOUS I H l l t . nous parlons de choix, nous pensons effectivement qu'il s'agit de pouvoir choisir! 
Nous mettons a votre disposition des blocs d'alimentations modulaires de la serie 62000, qui existent 
actuellement pour les tensions de 3 a 48 volts. De plus, chacun d'eux est livrable en 4 intensites differen-
tes. Tous ces appareils beneficient du reseau local de services apres-vente, dans 176 pays. Les prix 
egalement ont ete ajustes pour satisfaire a votre demande, et des 
rabais OEM sont offerts. 
La fiabilite de ces appareils repond aux exigences les plus poussees, 
chaque element etant d'ailleurs surdimensionne. Tous les modules 
possedent en outre une protection contre les surtensions, une limi
tation reglable du courant, des sorties independantes, en fait tout ce 
que vous attendez d'une alimentation de qualite Hewlett-Packard. 
Les modules de la serie 62000 sont livrables a courts term.es. Demandez 
une documentation detaillee. 

Hewlett-Packard(Schweiz) AG, 9, ch. Louis-Pictet, 1214 Vernier, tel. 022 414950, telex 27333 HEWLETT-PACKARD 

3724 
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| ^ HYBRID SYSTEMS CORP. 

NOUVEAU PRODUIT 

A D C 5 6 0 

P r i x : d e s F r . 450.— 

Convertisseur rapide 12 bits 
— Permet la mesure de rapports 

ou de valeurs absolues 
— Rapide : conversion 20 \is 
— Pret a I'usage : pas de composants externes 
— Technique : approximation successive 
— Code de sortie : Two's complement, offset binary 

binaire, 3 decades BCD 
— Entree :Z > 10 
— Vieillissement : min. 72 heures 
HYBRID : Plusieurs references au CERN 

to 

T e c h n i q u e M o d e r n e E l e c t r o n i q u e S .A . 

1844 V i l l e n e u v e T e l . 0 2 1 / 6 0 2 2 41 

High Energy & Nuclear Equipment S A 
HENESA w a s estab l ished in Geneva six years ago t o ac t as t h e 
techn ica l l ia ison l ink b e t w e e n sc ience based indus t ry and C E R N , 
o ther Research Centres, Univers i t ies a n d Hosp i ta ls . Our Suppl iers 
— mos t l y in t h e Un i ted K i n g d o m , Canada and t h e U.S.A. — e m p l o y 
over 1 0 0 0 phys ic is ts , eng ineers and o the r techn ica l s ta f f specia l ized 
in t h e des ign and manu fac tu re o f Rad ia t ion De tec t ion Devices and 
associated e lec t ron ics f o r al l app l i ca t i ons ; C o m p u t e r Per ipherals; 
Cyc lo t rons ; smal l Reactors ; Coba l t 6 0 i r rad ia tors ; Sources — Coba l t 
60 , Carbon 14 , etc . 

N E W S 
N u c l e a r E n t e r p r i s e s : 
1 . N e w l i te ra ture : n e w Cata logues c o n t a i n i n g very useful da ta o n 

Sc in t i l la to rs , N I M and C A M A C Ins t rumen ts are n o w avai lable. 
2. C A M A C : Octa l A D C (pos . or neg . i n p u t ) spec i f i ca t ion imp roved , 

pr ice reduced and de l ivery f r o m s t o c k — l ike mos t o the r N.E. 
C A M A C and N I M Ins t ruments . 
N.E. and H E N E S A of fer a free sys tem eng ineer ing service fo r 
C A M A C and N I M — ask f o r deta i ls and a b o u t t he 7 0 2 5 o f f - l i ne 
and M u l t i c h a n n e l Ana lyser C A M A C Sys tems. 

3. Hea l th Phys ics : n e w Ins t ruments , i nc l ud ing N P L Secondary 
S tandards , t o latest r e c o m m e n d a t i o n s , n o w avai lable. 

L a b e n : 
1 . Reduced pr ices and faster de l ivery fo r t h e n e w N I M and M 8 0 0 0 

series M u l t i c h a n n e l Ana lysers . 
2 . U l t ra h igh per fo rmance ( b e t t e r t h a n FC60) 8K N I M A D C ' s shou ld 

be ordered n o w fo r de l ivery th i s year. 
H E N E S A : 
I .B.S. 
1 . First commerc ia l l y p r o d u c e d lon isa t ion Beam Scanner near ing 

c o m p l e t i o n f o r German Heavy Ion Acce le ra to r . 
2. N e w C A M A C Carry ing Cases, t o take e igh t or t w e l v e modu les , 

f r o m s tock . 
3. First T L D Te ledyne 8 3 0 0 Personnel Dos imet ry Sys tem insta l led 

in Sw i t ze r l and . 
4 . A n o t h e r C.I.L. t y p e 6011 Inc rementa l P lo t ter del ivered ( t o N e u -

chate l ) f o r on - l i ne c o n n e c t i o n t o I B M 1 1 3 0 Compu te r . 
H E N E S A — 2 , chem in de Tavernay , 1 2 1 8 Geneva (Rona ld S t i f f ) . 
Te lephone ( 0 2 2 ) 9 8 2 5 8 3 / 8 2 , Telex 2 3 4 2 9 answer back " s t i f f c h " . 
H E + N E H i g h E n e r g y a n d N u c l e a r E q u i p m e n t ( D e u t s c h l a n d ) 
G m b H — Savignyst rasse 5 5 , 6 F r a n f u r t / M a i n 1 (R ichard Kohl or 
Heinz Eipe l ) . Te lephone ( 0 6 1 1 ) 7 4 8 2 2 7 , Telex 41 4 4 8 6 answer 
back " e s d " . 

• N E T 

Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Prestations de main-d'oeuvre 
Manutentions 

Off ice n o u v e a u du ne t toyage 0 N E T 
13008-MARSEILLE 
75-PARIS 
GENEVE 
74-ANNECY 
01 -SAINT-GENIS 

12 bis, boulevard Pebre 
4 et 6, rue du Buisson - Saint-Louis-X e 

55/57, rue Prevost-Martin 
6, avenue de Mandallaz 
Route de Geneve 

tel. (91) 73 2850 
tel. (1) 20815 57 
tel. 25 78 88 
tel. (50) 454641 
tel. (50) 41 1207 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, La Hague, 
du CEN a Grenoble, de I'OMS et de I'ONU a Geneve. 
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The new standards in discriminators 

M o d e l 6 2 1 L Q u a d V a r i a b l e T h r e s h o l d 
D i s c r i m i n a t o r is an e x t r e m e l y versa t i l e 
i ns t rumen t w i th p e r f o r m a n c e cha rac te r 
is t ics espec ia l l y c h o s e n fo r la rge-sca le 
g e n e r a l - p u r p o s e use. 

sis C o n t i n u o u s l y v a r i a b l e t h r e s h o l d f r o m 
- 5 0 mV to —300 mV. L o w m i n i m u m 
th resho ld pe rm i t s p rope r b a c k - t e r m i 
na t ion o f p h o t o t u b e s o r a l l ows use of 
sma l l p h o t o m u l t i p l i e r s w i t h o u t the ne 
cess i t y fo r a sepa ra te amp l i f i e r . 

sis F i d d l e - f r e e t h r e s h o l d a n d w i d t h c o n 
t r o l s a re s c r e w d r i v e r - a d j u s t a b l e . Re 
cessed b e h i n d the f ron t pane l , t hey 
c a n n o t be c h a n g e d inadver ten t l y du r 
ing the cou rse o f an e x p e r i m e n t . 

sis C o n t i n u o u s l y v a r i a b l e o u t p u t w i d t h 
c o n t r o l s f r om 5 ns to 1 /xs is the w i d 
est c o n t i n u o u s range o f fe red by any 
d i s c r i m i n a t o r in its c lass . 

sis 100 M H z o p e r a t i o n : The d o u b l e - p u l s e 
r e s o l u t i o n o f 8 n s p r o v i d e s a m p l e 
s p e e d fo r mos t l a rge -sca le g e n e r a l -
pu rpose app l i ca t i ons . 

$1$ H i g h f a n - o u t : Each c h a n n e l o f fe rs s ix 
separa te no rma l N I M ou tpu t s . 

sis N o m u l t i p l e - p u l s i n g : O n e , a n d o n l y 
o n e , o u t p u t p u l s e is p r o d u c e d r e 
ga rd less of input du ra t i on or a m p l i 
t ude . 

sis L o w t i m e s l e w i n g : < 1 ns. 

sis D e a d t i m e l e s s o p e r a t i o n upda tes the 
o u t p u t pu lse to re f lec t t he mos t re
cen t inpu t s i gna l . 

sis C o m p a c t p a c k a g i n g a n d l o w p o w e r 
c o n s u m p t i o n pe rm i t up to 48 d i s c r i m 
ina tor channe l s (288 ou tpu t s ) in o n e 
s t a n d a r d N IM b in . 

sis 740 S w Fr per c h a n n e l in uni t q u a n 
t i t ies . 

If you h a v e des igned fast logic sys tems, y o u h a v e seen opt i 
m u m system designs s c r apped because of i n a d e q u a t e dis
c r imina to r fan-out . E i t h e r you ' ve h a d to c o m p r o m i s e the 
over-al l logic design to a c c o m m o d a t e the fan-ou t l imi ta t ions , 
or y o u h a v e h a d to increase a n d u n b a l a n c e the logic delays 
t h r o u g h inser t ion of f an -ou t m o d u l e s in the system. 

W e d o no t th ink this is h o w it shou ld b e . . . and w e h a v e 
d o n e some th ing a b o u t it. T w o n e w L R S d i sc r imina to r s a t t ack 
the fan-ou t p r o b l e m direct ly . T h e M o d e l 4 2 0 L , t he m o s t 
c o m p a c t a n d e c o n o m i c a l d i sc r imina to r avai lable , offers four 
i n d e p e n d e n t ou tpu t s pe r c h a n n e l , e a c h capab le of d r iv ing 
t w o 5 0 loads . T h e n e w M o d e l 6 2 1 L , based u p o n the p r o v e n 
design of the wor ld ' s m o s t widely used d i sc r imina to r , the 
L R S M o d e l 3 2 I B / 5 0 , p rov ides six i n d e p e n d e n t ou tpu t s pe r 
channe l , each capab le of d r iv ing t w o 50 ^ loads . Th i s r a t h e r 
p h e n o m e n a l fan-ou t capabi l i ty of L R S d i sc r imina to r s is 

M o d e l 4 2 0 L 8 - C h a n n e l D i s c r i m i n a t o r 
con ta ins e igh t i den t i ca l pu lse a m p l i t u d e 
d i s c r i m i n a t o r s d e s i g n e d f o r use w i t h 
h o d o s c o p e and s im i l a r la rge-sca le app l i 
ca t i ons w h e r e m o d e r a t e s p e e d a n d f lex
ib i l i ty a re requ i red . 

sl$ L o w i n p u t t h r e s h o l d o f —70 mV p ro 
v i d e s c o m p a t i b i l i t y w i t h l o w e r g a i n 
h o d o s c o p e c o u n t e r s o r w i th s igna ls 
w h i c h may have been d e g r a d e d by 
long cab le de lays . 

sis E x c e l l e n t t h r e s h o l d s t a b i l i t y o f < 2 0 0 
m V / ° C p reserves t h r e s h o l d va lue ove r 
va ry ing o p e r a t i n g env i r onmen t . 

sis H i g h f a n - o u t o f f ou r —1 vol t s igna ls 
can e a c h dr ive up to t w o 50 O loads. 

sis F ixed 4 ns o u t p u t w i d t h is i n d e p e n 
dent of inpu t d u r a t i o n , amp l i t ude , a n d 
rate; no need fo r w i d t h cab les . 

sis L o w t i m e s l e w i n g p rov ides accu ra te 
t im ing s igna ls rega rd less of the d is 
t r i bu t i on o f input a m p l i t u d e s . 

sis S h o r t i n p u t - o u t p u t d e l a y m i n i m i z e s 
n e e d f o r l o n g c o m p e n s a t i n g d e l a y 
cab les and p rov ides p r o m p t sys tem 
ou tpu ts . 

sis C o m p a c t p a c k a g i n g a n d l o w p o w e r 
c o n s u m p t i o n pe rm i t up to 96 d i s c r i m 
inators to be h o u s e d in one s tanda rd 
N IM p o w e r b i n . 

sl$ 430 S w Fr per c h a n n e l in uni t q u a n 
t i t ies. 

achieved t h r o u g h a s imple n e w o u t p u t s tage design wh ich 
does no t s t rain n o r m a l N I M p o w e r l imits or r equ i re special 
voltages (e.g., ± 6 V) . 

Wi th the M o d e l 4 2 0 L for y o u r h o d o s c o p e coun te r s a n d 
the M o d e l 6 2 1 L for fast t r igger logic a n d genera l -purpose 
use , you will enjoy: 

sis L o w e r sys tem cost 
sis Smal le r sys tem size 
sis Shor t e r , u n i f o r m delays 
sis S imple r sys tem design a n d se tup 
sl$ H i g h e r reliabil i ty f r o m low-diss ipat ion 

ci rcui ts t h a t r u n cool . 
F o r fur ther i n fo rma t ion , call o r wr i te Alan Michalowski, 

Sales M a n a g e r , L R S Par t i c le Phys ics Div is ion , o r your local 
L R S Sales Office. 

L R S 
S A L E S OFF ICES T H R O U G H O U T T H E FREE W O R L D 

LeCroy Resea rch S y s t e m s SA 
8 1 , A v e n u e Lou is Casa i • 1216 C o i n t r i n - G e n e v a • Sw i t ze r l and 

L e C r o y R e s e a r c h S y s t e m s C o r p . 
126 N O R T H ROUTE 303 W E S T N Y A C K , N. Y. 10994 
Phone : 9 1 4 / 3 5 8 - 7 9 0 0 • T W X : 710-575-2629 • C a b l e : LERESCO 

S W I T Z E R L A N D 

LeCroy Research Systems S.A. 
81, Avenue Louis-Casai 

1216 Cointr in-Geneva 
Switzerland 

S A L E S R E P R E S E N T A T I V E S I N : 

G E R M A N Y 

Nucletron Vertr iebs - GMBH 
Gartnerstrasse 60 

8 Munchen 50 
Wes t Germany 

U N I T E D K I N G D O M 

A.E.P. International Ltd. 
Victor House, Norris Road 

Staines, Middlesex 
England 
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W H A T ' S 

D O I N G A T 

LIVERMORE? 

The Levitron at Lawrence Liver-
more Laboratory* in California 
represents a productive blend 
of plasma physics and imagina
tive cryogenic engineering. Its 
goal is a deeper understanding 
of the nature of plasmas, their 
production, and their heating, 
all necessary to the scientist's 
dream of controlling nuclear 
fusion for practical purposes. 

The heart of the Levitron is 
an 80-cent imeter d iameter 
superconducting ring, "f loated" 
in a complex of field-shaping 
and ring-positioning magnets, 
all held at 4.5K within a dewar 
evacuated to the 10~ 9 torr range. 

A CTI Model 1400 Helium 
Liquefier supplies the liquid to 
an overhead dewar/reservoir for 
system cooldown and steady-
state operation. A network of 
fixed piping carries liquid helium 
to the stationary magnets by 
natural circulation.,.The piping 
also serves as a cold conduit 
for the power and instrumenta
tion leads. The ring is cooled 
by conduction (utilizing indium-
coated retractable probes) prior 
to its levitation. 
*Operated by the University of California for 
the U.S. Atomic Energy Commission 

Water-cooled toroidal field 
coi ls surround the Levitron 
vacuum vessel. Experimental re
sults from the Levitron are en
couraging. It has demonstrated 
great versatility in providing a 
variety of toroidal magnet ic 
configurations for plasma con
finement. Plasmas with densities 
of 10 " / cc have been confined 
for up to one second. Very hot 
electron plasmas (electron tem
peratures up to 0.5 MeV) have 
been confined for considerably 
longer times. 

The Model 1400's perform
ance is heartening too, as a re
liable source of continuous cool
ing for the Levitron experiment. 

The Model 1400 was de
signed with superconducting 
systems in mind, and will run 
for weeks between simple, rou
tine maintenance periods. It can 
produce from 5 to 40 liters per 
hour of liquid helium, 20 to 100 
watts of refrigeration at 4.5°K, 
100 to 350 watts of cooling at 
20°K, and can be modified for 
hydrogen or neon liquefaction. 

Write or call CTI today for full 
details on versatile and reliable 
Model 1400 Helium Refrigera
tion Systems. 

The growing Company that makes COLD as simple as heat 

CRYOGENICS AG 
CH-8052 Zurich, Switzerland 

Glattalstrasse 18 

A s u b s i d i a r y o f C R Y O G E N I C T E C H N O L O G Y , i n c . 

K e l v i n P a r k , W a l t h a m , M a s s a c h u s e t t s U S A 
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