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October Conférences Participants emerging from the auditorium 
du ring the Fermilab Conférence. Over the main 
door can be seen an eniarged photograph of 
Ben Lee to whose memory the Conférence was 
dedicated. 

In the course of the Conférence at Fermilab, 
C.N. Yang, a former colleague of Ben Lee at 
Stony Brook, gave the Mémorial address. Yang 
was also prominent at the Conférence as co-
predictor of parity violation twenty years ago. 

(Photos Fermilab) 

From 20-22 October, Fermilab was 
host to the 'Ben Lee Mémorial Inter­
national Conférence on Parity Non-
conservation, Weak Neutral Currents 
and Gauge Théories'. The purpose of 
this Conférence was to pull together 
the latest expérimental data and 
theoretical work in the fields of particle 
physics, nuclear physics, atomic 
physics and astrophysics. 

From 10-15 October, Rutherford 
Laboratory was host to the 'ECFA 
Study Week on Electron-Proton Col-
liding Beams'. This meeting was spon-
sored by the European Committee for 
Future Accelerators to investigate the 
physics interest and the expérimental 
possibilities in the field of électron-
proton colliding beams. 

From 17-21 October, Brookhaven 
was host to the 'Workshop on Heavy 
Ion Fusion'. This meeting was called by 
DOE (or ERDA as it then was) to pursue 
the feasibility of using heavy ion beams 
in a fusion reactor. 

1. Ben Lee 
Mémorial Conférence 

The Fermilab meeting marked the 20th 
anniversary of the discovery of parity 
violation, theoretically predicted by 
T.D. Lee and C.N. Yang in 1956 and ex-
perimentally found by C.S. Wu in 
1957. It also honoured B.W. Lee who 
was killed in a traffic accident in June 
of this year. As head of the Fermilab 
Theory Department, Ben Lee had 
helped organize the Conférence prior 
to his death. 

The Conférence, which was under 
the Chairmanship of David Cline, at-
tracted about 600 physicists and was 
unusual in grouping several pure 
physics disciplines so that the ways in 
which they contribute one to another 
could be seen. John Wheeler spoke of 
'the cosmic connection' between the 
phenomena observed while studying 
sub-nuclear particles and the pheno­

mena observed in the Universe at large 
on the vast scale of stars and galaxies. 

It is a surprising fact that informa­
tion unearthed about particle behav-
iour has been vital to the understand-
ing of cosmological events and the 
two fields overlap considerably when 
speculating on the properties of black 
holes, the life stories of stars, the birth 
of the Universe and so on. Many of the 
technicalities of thèse overlap areas 
were discussed in the course of the 
Conférence. 

There was nothing new in the parti­
cle physics information because the 
Conférence was held hot on the heels 
of those at Budapest and Hamburg 
which were spilling over with news. 
Nevertheless the impact of the Upsilon 
discovery, with its threat of more types 
of heavy quark, coupled with the tau 
discovery, with its threat of more 
heavy leptons, had obviously seeped 
further into the theoretical conscious-
ness. 



2. e-pStudyWeek 
The ECFA / Rutherford meeting on 
electron-proton beams, excellently 
organized by John Thresher and Peter 
Norton, made it obvious that by 
achieving high energy e-p collisions, a 
new area of physics will be opened up. 
No-one has yet staked a daim to this 
area. 

Options to have both électron and 
proton storage rings have been talked 
about in connection with the LSR Pro­
ject at CERN, the PEP électron-
positron project at Stanford, the 
ISABELLE proton-proton project at 
Brookhaven, the Energy Doubler pro­
ject at Fermilab, the SPS at CERN and 
the PETRA électron-positron project at 
DESY. It seems clear that whichever of 
thèse Laboratories takes the décision 
to go for e-p will be into this virgin 
physics territory first. 

What is so attractive about the 
physics which would corne from high 
energy electron-proton colliding beams 
is that it crosses the boundary where, 
assuming that our présent knowledge 
can be extrapolated, the weak force, 
which is growing in strength as the 
energy increases, becomes equal in 
strength to the electromagnetic force. 
We seem bound to uncover something 
new when this happens. 

Other attractions are the possibility 
of penetrating deeper into the proton 
structure with a probe (the électron) 
which is well understood. The collision 
énergies which are talked about would 
make it possible to look at distances an 
order of magnitude smaller than on 
présent machines and under cleaner' 
conditions than with proton-proton 
collisions. Intermediate boson (W and 
Z) production, the study of heavy 
leptons, photon physics and hadron 
physics are also on the menu. 

Up to now, more work on electron-
proton colliding beams has been done 
in Europe than in the USA and there 
are two attractive possibilities. 

One is the addition of an électron 

storage ring at the CERN SPS, a project 
known as CHEEP which was described 
in the June issue page 184. Its major 
parameters are 25 GeV peak électron 
energy against 270 GeV protons (or 
400 GeV protons if the SPS ring is 
pulsed rather than run d.c), a peak 
luminosity of 0.5 x 10 3 2 per cm 2 per s, 
and one or two interaction régions. 

The second is the addition of a 
proton storage ring at PETRA. This was 
first proposed in 1973 but a revised 
scheme was presented to the Study 
Week and tentatively gained the name 
of PROPER (Proton Ring On PETRA 
Electron Ring). PROPER has a 280 GeV 
proton ring, using superconducting 
(4.5 T) magnets, fed by the DESY syn-
chrotron (which has already ac-
celerated protons) at 5 GeV. The peak 
luminosity is estimated at a few 1 0 3 2 

per cm 2 per s and there would be six 
interaction régions. 

The important characteristics for 
comparison of the two schemes are — 
CHEEP covers a higher centre of mass 
energy range (90-200 GeV compared 
to 50-140 GeV). PROPER has slightly 
higher luminosity. The installation of 
an électron ring in CHEEP would 
probably be easier and less expensive 
than that of a superconducting proton 
ring in PROPER. CHEEP would also 
make an électron ring available as in-
jector for any future high energy 
électron-positron rings such as are 
recommended by ECFA (see June is­
sue, page 186). PROPER has the great 
advantage of six interaction régions 
and could probably also give a high 
proportion of its time to electron-
proton physics, whereas CHEEP would 
almost certainly have only limited run-
ning time within the broad SPS 
physics programme. 

Which scheme (if any) is taken up 
will dépend on the overall develop-
ment of high energy physics facilities 
in Europe. The Rutherford meeting un-
derlined the interest of e-p physics and 
showed that two realistic projects are 
feasible. 

3. Heavy Ion Fusion 
Workshop 

The DOE / Brookhaven Workshop, 
headed by Al Maschke, covered the 
latest thinking on how to achieve iner-
tial fusion of deuterium-tritium pellets 
by bombardment with heavy ion 
beams. (This topic was reviewed in the 
September issue 1976.) A scheme to 
test the principle is beginning to 
crystallize out of the many ideas which 
have been put forward and DOE hopes 
to finance a project, called HIDE for 
Heavy Ion Démonstration Experiment, 
in the early 1980s. 

To begin at the end — several 
aspects of pellet design were spelled 
out more clearly than before at the 
Brookhaven meeting and have impor­
tant implications in setting the neces-
sary accelerator parameters. Much of 
the work on fusion pellets is classified 
and, therefore, the reasons for the con­
ditions which are conveyed to the ac­
celerator community are not known. 

The first point is that it is désirable to 
deposit energy in the pellet at a density 
greater than about 20 MJ/g. This 
means that beam énergies, for exam 
pie for uranium ions, should be held 
down to below 25 GeV. The second 
point is that it does not seem neces-
sary to have higher symmetry in bom­
bardment of the pellet than the one ob-
tained by having two opposing beams. 
The pellet people are now stating with 
much more confidence that they can 
deliver pellets able to take 1 MJ in 10 
ns and give a gain of up to a thousand. 

To study the accelerator schemes, 
three groups were formed to look at r.f. 
linacs, synchrotrons and induction 
linacs, while other people looked at 
problems such as the final beam trans­
port System. We limit ourselves here 
to features which seemed to gain 
rather wide acceptance at the Brook­
haven meeting. 

Considération of the type of ion 
which should be used is now con-
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centrated on ions of atomic number in 
excess of 200 and carrying only a few 
charges (1 to 4, though singly-charged 
will probably corne out favourite). Ion 
sources at the tens of mA output level 
are now in opération, e.g. 25 mA of 
singly-charged xénon ions at Berkeley, 
and probably 50 mA is a reasonable 
figure to feed into the accelerator 
design at this stage. 

To build up intensity at the low 
energy end, a hierarchy of linacs looks 
very promising. They would be of the 
Wideroe (n - 3n structure) type, used 
for example at GSI Darmstadt, begin-
ning with say eight in parallel 
operating (necessarily) at 15 MHz, 
feeding four at 30 MHz (with bunches 
from twice the number of linacs slot-
ting into twice the number of buckets 
in the next set of linacs), feeding two at 
60 MHz, feeding one at 120 MHz. 

The use of r.f. linacs will probably 
have to hait at this stage. To go further 
may require many kilomètres of 
Alvarez type linac followed by a System 
of accumulator rings, each sending out 
many beams, in order to convey the 
necessary energy to the pellet. 

The synchrotron approach replaces 
the long linac by a ring or rings. A fast 
cycling synchrotron feeding an ac­
cumulator may be needed to build up 
the intensity and even then the times 
involved, around 1 s, look dodgy from 
the point of view of ion lifetimes 
because of the charge exchange cross 
sections. 

The induction linac for the final 
stage begins to look rather attractive. It 
would probably be preceded by an ac­
cumulator ring taking the output of the 
r.f. linacs (something over 100 mA at 1 
GeV), rapidly bunching the ions and us-
ing a spécial beam transfer procédure 
to feed the induction linac. Afinal com-
pressor stage would be needed at the 
end of the long induction linac. 

A HIDE project may well confront 
the common problems of ail the 
schemes by building the low energy r.f. 
linacs and an accumulator. Some sec­

tions of induction linac and of com­
presser could be added. In the mean-
time there remains a lot of research 
and development on such topics as ion 
sources, charge exchange cross sec­
tions both within the beam and beam-
gas (though detailed information may 
only émerge from an accumulator), 
beam neutralization possibilities and 
bunching. 

The difficulties of achieving a fusion 
reactor using heavy ion beams should 
not be underestimated but there are 
many people who think that this route 
to fusion looks less hopeless' than the 
other techniques. Certainly if govern-
ments remain willing to put large sums 
into the development of fusion 
technology, some of it should go to 
testing the heavy ion possibilities. 
European governments have not yet 
corne around seriously to considering 
heavy ion fusion as part of their energy 
research programme. Maybe now that 
the JET Tokamak fusion reactor project 
is off the ground, heavy ions can be 
considered without seeming to jeopar-
dize the study of other approaches. 

BONN 
A neutron storage ring 
A neutron storage ring, designed and 
manufactured at the University of 
Bonn, was brought into opération at 
the end of September on the 'ultracold' 
neutron beam from the research reac­
tor of the Institut Laue-Langevin, 
Grenoble. 
. At first sight, such a feat is impossi­
ble. Storage rings operate by using 
magnetic and electric fields to get hold 
of the electric charges carried by parti-
cles such as the proton or électron. The 
neutron has no electric charge. 
However, it has a magnetic moment, 
which is a much smaller handle than 
an electric charge, but it is just possible 
to get hold of it. The principle of the 
Bonn ring is analogous to that of a 
storage ring for charged particles ex-
cept that the bending and focusing of 
the neutrons is done by the interaction 
of their magnetic moment with 
magnetic fields. 

It requires very low energy neutrons 
and high magnetic fields. Even using a 
field gradient of 1.2 Tesla per cm, the 
neutron velocities are limited to 20 m 
per s, corresponding to the modest 
energy of 2 x 1 0 - 6 eV ! In addition, 
multipole fields one order higher than 
in the case of charged particles are 
needed. The bending and focusing 
functions of dipoles and quadrupoles 
respectively are therefore replaced by 
quadrupoles and sextupoles. The ring 
is 1.2 m diameter using supercon-
ducting magnets with a maximum sex-
tupole field of 3.5 T. 

The number of betatron oscillations 
is of the order of 3 to 6 per turn 
depending on the velocity of the 
neutrons. In a charged particle ring, 
problems due to field imperfections 
can be minimised by choosing parti­
cles with only a very small momentum 
spread ( A p/p of about 10"3) so as to 
have a well-defined machine working 
point. For the neutron ring, however. 
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The neutron storage ring under construction at Preliminary results from the Bonn neutron 
the University of Bonn. Its 1.2 m diameter storage ring. After some losses in the first few 
superconducting magnet gives a peak field of minutes, the level of neutrons begins to 
3.5 T and enables neutrons to be stored for decrease simply as a resuit ofbeta decay, with a 
some 20 minutes at an energy of 2 x W~6 eV. half life of some 15 minutes. This will enable 
The ring is now in opération at the Institut Laue- the lifetime of the neutron to be measured 
Langevin research reactor, Grenoble. accurately. 

(Photo Bonn) 

taking its particles from the low energy 
région of the Maxwellian distribution 
of neutrons emerging from the reactor, 
a précise velocity sélection would 
reduce the number of neutrons to an 
unacceptable level. The Bonn storage 
ring therefore has to work with a wide 
momentum spread ( A p/p of about 3), 
with the resuit that many 'stopbands' 
and résonance effects have to be con-
fronted. 

To stabilise the neutron orbits and 
minimise losses due to thèse effects, 
the periodic sextupole field is sup-
plemented by a non-linear decapole 
contribution, which makes the beta-
tron frequency amplitude-dependent. 
Particle oscillations, which occur with 
increasing amplitudes in thèse 
résonance régions, can be controlled. 

Only one spin component of the 
neutrons, with the spin parallel to the 
magnetic field, can be confined, and 
care has to be taken in the design of 
the field to avoid spin flips so as to 
maintain the number of stored 
neutrons. 

Neutrons from the reactor are 
guided and injected into the ring by a 
system of bent nickel-coated glass 
mirrors. Neutrons passing througH 
matter have an effective refractive in­
dex and, under the right conditions, 
total reflection may occur, as with 
electromagnetic radiation. The injec­
tion system can be moved out of the 
storage zone by a pneumatic mecha-
nism which opérâtes fast enough to 
allow injection of a single turn. The 
stored neutrons are detected by mov-
ing helium-3 counters into the ring. 

The whole apparatus, including the 
superconducting magnet, was con-
structed at Bonn and then moved to 
ILL. Within three weeks neutrons were 
successfully stored at the first attempt. 
After some losses in the first few minu­
tes of each storage, the remaining neu­
tron intensity decreases simply as a re­
suit of beta decay, which has a half-life 
of about fifteen minutes. Neutrons are 
still détectable after twenty minutes. 
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Christof Schmelzer (left), Director of GSI 
Darmstadt, présents the heavy ion linac, 
UNI LAC, to H ans Krollmann (centre), H esse n 
Minister of Education, and Hans Matthôfer, 
German Minister of Research and Technology, 
on the occasion of the inauguration on 24 
October. 

After this initial success, a careful 
study of the properties of this proto­
type neutron 'bottle' is being made and 
the first experiments will include 
measurements of the neutron lifetime 
and electric dipole moment. The 
neutron lifetime is currently one of the 
less well-known of particle parame­
ters, while the existence of a non-zero 
electric dipole moment for the neutron 
Would have interesting conséquences. 

Such a dipole moment would im-
mediately indicate parity violation and 
would also show that time reversai in­
variance does not hold. If observed, 
this would be the first indication of the 
violation of time symmetry apart from 
the behaviour of the neutral kaons. 

DARMSTADT 
UNI LAC 
inauguration 
On 24 October the heavy ion linear 
accelerator, UNILAC, was officially in-
augurated at the Gesellschaft fur 
Schwerionenforschung (GSI) at Darm-
jtadt. Among the distinguished guests 
was Hans Matthôfer, Minister for 
Research and Technology in the 
Fédéral Republic of Germany and Hans 
Krollmann, the Hessen Minister of 
Education. 

UNILAC has been in opération since 
January 1976 and is providing ions up 
to uranium with énergies up to 10 MeV 
per nucléon. The Laboratory has a staff 
of about 450 people including 100 
scientists about half of whom are in-
volved in the expérimental programme 
together with some 100 external 
users, mainly from the German Univer­
sités. 

The accelerator is fed by two injec-
tors and has three sections — 
Wideroe structure up to 1.4 MeV/ 
nucléon (from where beams can be 
conveyed to a low energy expérimental 
area), Alvarez structure up to 5.9 MeV/ 

nucléon (after stripping and change 
state sélection) and, finally, twenty 
single gap cavities allowing a variety 
of output énergies up to 10 MeV/ 
nucléon. A peak energy of 10.26 MeV/ 
nucléon was achieved with argon ions 
in August of this year. Accelerated ions 
have included argon, titanium, nickel, 
copper, krypton, xénon, lead and 
uranium. The output beams can be 
split into three channels and guided to 
many experiments. 

The machine and expérimental 
areas have an impressive, well-
engineered look about them and this is 
born out in the machine performance 
which is sustaining a vigorous ex­
périmental programme. Foreseen im-
provements are the duplication of Pen-
ning sources in the two injectors, drop-
ping a less reliable duoplasmatron 
system. (Work on sources to provide 
différent types of ion is to be curtailed 
so as to concentrate on increasing 
source intensities.) R.f. amplifiers in 

the single gap stage occasionally 
cause trouble and will receive further 
attention. Changes will be introduced 
into the timing system to enable the 
output energy to be varied from puise 
to puise. 

About a fifth of the expérimental 
programme goes to the search for and 
study of new nuclides — both the 
predicted super-heavy éléments and 
the nuclei far from stability (as at the 
CERN ISOLDE). 

Several experiments have searched 
for superheavies using a variety of élé­
ments, including uranium on uranium, 
without any being seen. The methods 
have set upper limits for the production 
cross sections of about 10~ 3 6 cm 2 look-
ing at possible fission decay with half 
lives between an hour and several 
hundred days. Far from stability nuclei 
are studied with a mass separator on­
line, a velocity separator and a hélium 
jet. New isotopes of tellurium, iodine, 
xénon, iridium, osmium, rhénium, 
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The high energy expérimental area at UNILAC. 
In the foreground can be seen the three 
channels into which the accelerated beam can 
be split to divide the heavy ions between the 
va ri ou s experiments. 

(Photos GSI) 

tungsten, thallium, actinium, pal­
ladium and uranium have been 
produced and examined. 

Close on half the expérimental 
programme is devoted to the study of 
reaction mechanisms including deep 
inelastic collisions, fusion reactions, 
correlated transfer of several nucléons 
and Coulomb fission. The deep in­
elastic work has been carried out with 
sophisticated expérimental techniques 
so as to extend the work already done 
elsewhere. 

Other major topics include the study 
of nuclei in high spin states in several 
experiments (agaîn with sophisticated 
détection techniques) and the in­
vestigation of atomic phenomena. In 
addition, UNILAC can contribute to the 
information which is necessary in 
order to pursue the possibility of 
achieving inertial fusion usîng heavy 
ion beams. GSI has expérience in 
several areas of the necessary machine 
technology. 

With the machine operating well 
and formally inaugurated, eyes are 
being lifted to the future. A possible ex­
tension of the facilities at GSI to higher 
ion énergies has already been listed as 
one of the potential developments in 
the pure research programme of the 
Fédéral Republic of Germany. 

The option favoured at GSI is the 
construction of a heavy ion syn-
chrotron, to be fed by UNILAC, taking 
ion énergies as high as 800 MeV per 
nucléon. It is known as SIS for 
SchwerlonenSynchrotron. An initial 
study of the synchrotron design has 
been carried out. It would be located 
alongside the existing high energy ex­
périmental hall. The diameter is about 
50 m with bending magnets providing 
1.8 T fields. 

Spécial problems exist in the areas 
of r.f. (very large frequency swing of 
200 to 1800 MHz), high vacuum and 
power supply (though the average 
power would be only about 2 MW the 

peak rate would be about 50 MW). In 
gênerai, techniques to achieve high in-
tensity need attention. Thèse topics 
are being studied further and a 
Conférence will be held in March of 
next year to discuss the energy exten­
sion and possible applications in the 
fields of medicine and energy sources. 

Similar high energy heavy ion ideas 
are being pursued elsewhere. In Dubna 
there is a project, called 'Nuklotron', to, 
convert the synchro-phasotron to 
heavy ion accélération constructing a 
new linac and booster. In Japan, at the 
Tokyo Institute for Nuclear Study, a 
project has evolved under the name of 
'Numatron' (NUclear MAtterTRON). It 
has a synchrotron and storage ring (as 
the route to adéquate intensity) fed by 
a linac similar in design to UNILAC. 

Both the Soviet and the Japanese 
projects are hoping to receive author-
ization during 1979. The situation with 
regard to the GSI project is likely to be 
much clearer after the March meeting. 
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Construction work for the PEP électron-
positron colliding beam project at Stanford is 
now well under way and the s cars of the 
excavations can be c/ear/y seen in this aerial 
view. The linear accelerator, which will provide 
the PEP beams, is seen upper left leading into 
its beam switchyard and research area. Top 
right ofthis triangu/ar-shapedresearch area the 
existing SPEAR électron-positron storage ring 
can just be seen, dwarfed in comparison with 
the new project some 700 m in diameter 
encircling most of the ground seen in the 
photograph. 

(Photo Joe Faust) 

CERN 
Workshops on ISR and 
intermediate energy 
physics 
End-September was Workshop time at 
CERN and this article pulls out some of 
the major thèmes which emerged. A 
week was given to the second session 
of a 'Workshop on future ISR physics' 
and another week to a 'Workshop on 
the rôle of CERN in European in­
termediate energy physics'. The 
gênerai aim is to stir the melting pot of 
ideas on the physics, the detector 
capabilities and the machine potential 
for the coming years so as to arrive at 
some consensus of opinion as to the 
best course to follow. Any ultimate 
décisions wil l, of course, have to take 
into account not only the consensus 
emerging from a part of the com-
munity but also some overall con­
sensus on priorîties and an apprécia­
tion of the avaïlable resources. 

At the Meeting on the Intersecting 
Storage Rings it was obvious that 
there is a rich crop of physics to occupy 
the machine through to the early 
1 980s. In addition, there were two fac-
tors to add to the thinking which had 
emerged at the first session in October 
of last year (see November 1976 issue, 
page 394). The first is the possibility of 
storing antiprotons of adéquate inten­
sives. The second is the crystallizing of 
thought about future options for 
development of the storage rings 
themselves onto a superconducting 
conversion to achieve peak beam 
énergies of 120 GeV with very high 
luminosities. 

P. Strolin presented an enthusiastic 
review of the physics which would 
open up if intense antiproton beams 
are available. In effect it is the proton-
proton ISR physics of the past five 
years covered anew (using the whole 
set of sophisticated detectors which 
are now installed) with colliding 

proton-antiproton beams which are 
believed to have différent quark con­
tent. In particular it will be important to 
check the expected growth in the total 
cross section of the proton-antiproton 
interaction at higher énergies. Such a 
growth is seen in ail other hadron-
hadron interactions but, up to the 
highest énergies achieved so far in the 
Fermilab investigation, the proton-
antiproton cross section has levelled 
out but not started to increase. In addi­
tion, the présent understanding of 
proton structure could be checked in-
cluding the study of large transverse 
momentum phenomena and lepton 
pair production. 

The antiproton possibility cornes as 
a conséquence of the beam-cooling 
work for which the main aim is proton-
antiproton collisions at up to 270 GeV 
in the SPS. (The présent peak ISR colli­
sion energy, 31 GeV, does not quite 
cover the energy range where it is 
predicted that the W and Z particles, 
the carriers of the weak force, will be 
found.) Studies of beam cooling 
techniques under Simon Van der Meer 
to achieve high intensity antiproton 
beams are scheduled to begin in ICE, 
Initial Cooling Experiment, this 
December (see June issue page 183). 

In the ISR itself the success of 
stochastic cooling has been such that 
the ISR team are confident that they 
can store and improve an antiproton 
beam. A cooling rate of 1.7% per 
minute has been achieved and further 

improvement is possible. Coupled with 
this, there is greater theoretical under­
standing of the technique following the 
work of Frank Sacherer. So content are 
the CERN machine physicists with the 
progress in stochastic cooling that 
they will probably use this technique 
exclusively in producing antiproton 
beams and not add the électron cool­
ing technique. 

At the first ISR Workshop three op­
tions were considered for any future 
development of the machine itself. 
One involved rather complex additions 
of bypasses to the ISR and SPS to 
bring beams into collision at higher 
énergies. Another, known as MISR for 
Moved ISR, involved taking the ISR 
magnets to the SPS and stringing the 
two rings together to achieve 60 GeV 
proton beams for collision with the 
SPS beams. The third, known as 
SCISR for Superconducting Conver­
sion of the ISR, involved replacing the 
existing conventional magnets by 
superconducting magnets in the same 
tunnel. 

In his review of thèse options. 
Franco Bonaudi showed that SCISR 
has emerged the clear favourite. Work 
on the SCISR design hasyielded a very 
attractive set of parameters, including 
luminosities as high as 4 x 10 3 3 per 
cm 2 per s. SCISR would have four in­
tersection régions, an energy span 
from 25 to 120 GeV and currents from 
25 to 15 A. The construction time is 
estimated at 3 1/2 to 4 years and the 
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cost at 160 million Swiss francs. 
Behind the emphasis on SCISR is a 

considérable confidence that super­
conducting magnets of the high quality 
necessary for storage rings can be 
built. This has corne from the satisfac-
tory expérience in building the proto­
type superconducting quadrupole for a 
low beta insertion in one of the présent 
rings (see December issue 1976, page 
441). The work on mechanical struc­
ture, coil winding procédure and in-
sulation requirements in building the 
séries of coils for the prototype 
enabled a very detailed spécification to 
be passed to industry where four such 
magnets are now to be built (by 
Alsthom S A ) . 

At its meeting on 20 October the 
CERN Research Board, taking account 
of the Workshop discussions which led 
to an ISR Committee recommendation, 
approved the building of supercon­
ducting magnets for the second ring to 
complète the low beta, high luminosity 
insertion in the ISR so that it can be 
used for physics experiments. It will be 
very important for the study of lepton 
pair production and also for proton-
antiproton work. 

The 'Workshop on the rôle of CERN 
in European intermediate energy 
physics' brought together a différent 
community of physicists. At the mo­
ment, the CERN machines (particularly 
the 600 MeV synchro-cyclotron but 
also the 28 GeV proton synchrotron 
where there are beam-lines devoted to 
research in the sub-GeV energy région) 
are serving some 200 European scien-
tists for such research. The aim of the 
Workshop was to try to indicate 
priorities in intermediate energy 
physics for the coming years so that 
CERN will be aware of the require­
ments of the community when 
deciding where to allocate resources. 

Among the major areas of research 
at intermediate énergies, the results 
from the investigation of 'exotic' 
atoms, where negatively charged par-

ticles other than électrons are captured 
orbiting the atomic nucleus, have been 
among the finest in the world. A similar 
status belongs to the work on nuclei far 
from stability on the ISOLDE on-line 
isotope separator. 

The ISOLDE programme had a 
prominent place at the Workshop. 
They have an imminent development, 
which will extend the range of nuclei 
open to investigation, because the ac­
célération of hélium ions in the SC is 
scheduled for early 1978. It became 
clear that higher intensity is not 
ISOLDE's priority — the range of élé­
ments already available in adéquate in­
tensives is such that a waiting list of 
targets exists. What seems more in-
teresting to the ISOLDE programme is 
the possibility of using beams of other 
ions onto the targets. 

Ions up to carbon (carrying four 
charges) may be possible from the SC, 
with énergies up to about 1 GeV, 
without major modification of the in­
ternai machine électrodes. The techni­
que involves the addition of a loop in 
the r.f. feeder line. Also, the machine 
vacuum has been found to be better 
than previously believed (3 x 10" 7 torr 
rather than 10"*6 torr) which may 
already be adéquate for the accéléra­
tion of the heavier ions. 

Another requirement to émerge 
from the Workshop was for a high 
quality stopped polarized positive 
muon beam (often referred to as an 
'Arizona beam' after its pioneers from 
Arizona who developed such a beam at 
Berkeley). The muons have particular 
applications in two areas of research 
which are extensions of the in­
termediate energy physics covered at 
présent. They are molecular biology 
and the study of métal hydrides. 

In gênerai, there was little interest in 
improved low energy pion beams. The 
work which is possible on such beams 
can be better done in the high fluxes 
from the meson factories at Los 
Alamos, SIN and TRIUMF. However, 
better kaon beams at the PS and high 

intensity antiproton beams, in the 
wake of the beam-cooling projects, 
will give research facilities which are 
not available elsewhere. The pos­
sibility of drawing intense beams from 
the 800 MeV booster on the PS was 
also raised. 

Identifying particles 
at bubble chambers 

The big bubble chambers at the SPS, 
the 3.7 m European bubble chamber 
(BEBC) and the heavy liquid bubble 
chamber (Gargamelle), are now aided 
in their task of identifying the particles 
emerging from the high energy colli­
sions by external electronic détection 
Systems. 

Preparing for its first physics run is 
the 52 ton External Particle Identifier 
(EPI) at BEBC. Containing 4096 
proportional counters in 128 layers of 
32 stacked in a pressurised box, the 
EPI is 8.5 m long with an effective 
detecting surface approximately 1 m 
by 2 m. The EPI, developed at CERN, is 
the first operational large-scale mul-
tilayer proportional counter system us­
ing the technique of relativistic rise of 
ionisation. It will enable hadronic ex­
periments using the very pure radio-
frequency separated beams at the SPS 
to distinguish between fast outgoing 
pions, kaons and protons over a wide 
energy range. 

At lower énergies, this identification 
is normally made with the help of 
Cherenkov counters, which enable the 
velocity of a particle to be measured. If 
its momentum is already known from 
measurements of its curvature in the 
bubble chamber magnetic field, then 
its mass can be calculated and the par­
ticle identified. At higher énergies, 
such as those at the SPS, the problem 
is that the higher particle velocities de-
mand bigger Cherenkov counters. 
Such counters soon become un-
manageable and some other method 

370 



The 52-ton External Particle Identifier in 
position downstream ofthe 3.7 m BEBC bubble 
chamber in the West Area of the CERN SPS. 
Around the bubble chamber can be seen the 
modules ofthe External Muon Identifier, used to 
assist in measurements on neutrino 
interactions. 
(Photo CERN 113.10.77) 

Gargamelle being made ready in its new 
position in the West Area. Now equipped with 
its External Muon Identifier, it has already taken 
over 15000 pictures in the neutrino beams 
available from the SPS. 
(Photo CERN 153.11.76) 

of particle identification is needed. 
The principle of the EPI is quite sim­

ple. The ionisation energy deposited in 
the cells hit by a traversing particle is 
digitized by the electronics mounted 
directly on the detector, then transfer-
red after each SPS cycle via a data link 
to the on-line Nord - 10 minicomputer 
and written onto magnetic tape. The 
ionisation is thus sampled along each 
particle track in up to 128 independent 
measurements which permits a final 
resolution to within three per cent. This 
is the best expérimental précision 
achieved so far with a detector of this 
type. 

The relativistic rise of ionisation in 
gas dépends upon the ratio of the par­
ticle energy to its mass (Lorentz factor, 
y). The ionisation increases from a 
minimum at low énergies until a 
saturation level (Fermi plateau) about 
6 0 % higher is reached (which for 
pions occurs near 100 GeV/c). The dif­
férence between the ionisation due to 
a pion and a kaon ofthe same momen-
tum is only about 12 % so obviously a 
very high resolution is necessary to 
enable identification to be made, and 
this in turn requires many layers of 
counters. 

Another difficulty arises from the 
highly asymmetric form of the ionisa­
tion loss distribution in a single detec­
tor which would otherwise make iden­
tification dîfficult. The influence of the 
tail in such a distribution is compen-
sated by selecting only the lower, more 
confined half of the ionisation values 
for data processing. 

The calibration of the EPI was suc-
cessfully carried out this summer and 
the relativistic rise of ionisation 
precisely measured in the momentum 
range 20-110 GeV/c. The perfor­
mance of the EPI and expérience 
gained in the long term stability and 
reproducibility of the results could help 
in the design and construction of other 
ionisation sampling devices envisaged 
in différent laboratories, such as ISIS 
for the European Hybrid Spectrometer 



The relativistic increase of ionisation in gas as 
measured with the ExtemalParticle Identifier at 
the BEBC bubble chamber. From a minimum 
value at low energy, the ionisation levé/ 
increases by about 60 per cent untila plateau is 
reached at higher energy. The x-axis (particle 
momentum divided by mass times c, the 
ve/ocity of light), enables the graph to be used 
for any type of ionising particle. This graph 
effective/y calibrâtes the particle identifier. 

at CERN and the Time Projection 
Chamber for PEP (see September 
issue, page 277 and October issue, 
page 328). 

To assist in neutrino experiments, 
Gargamelle, like BEBC, has been fitted 
with an extemal muon identifier (EMI). 
Apart from the geometrical arrange­
ment of the apparatus, the multiwire 
proportional chambers used for muon 
identification in Gargamelle and BEBC 
are the same (see April 1976 issue, 
page 1 37). 

In addition, two spécial purpose 
multiwire proportional chambers are 
used: a 'picket fence' behind the 
bubble chamber to give the time of 
events occurring inside Gargamelle, 
and a veto counter' in front to give the 
time of background events. A down-
stream calorimeter is used to assist in 
the measurement of very high energy 
hadron showers. 

Muons are readily identified by their 

ability to pass through a lot of absorb-
ing material, but the incident neutrinos 
interact in the surrounding material as 
well as in the bubble chamber target, 
so that events in the EMI do not neces-
sarily correspond to neutrino events in 
the bubble chamber. The EMI has to 
record everything that cornes its way 
during each beam spill, so that when a 
neutrino interaction is spotted in the 
bubble chamber, it can be tied in with 
the position of the corresponding EMI 
signais. However, this means that the 
EMI also picks up lots of background. 

The EMI electronîcs has temporary 
data stores, or 'buffers' designed to 
record ail signais received during a 
beam spill, and this information is 
processed and transferred to magnetic 
tape after the spill. Without this ar­
rangement, ail the incoming signais 
could not be recorded and valuable in­
formation would be lost. 

The correspondence between the 
bubble chamber pictures and the 

muon signais in the EMI is established 
off-line, after the expérimental run is 
complète. Only in this way can EMI 
signais be correlated with what is hap­
pening in the bubble chamber, but 
hundreds of events have to be ex-
amined to extract one 'good' signal 
coming from a neutrino interaction in 
the bubble chamber. 

The use of bubble chambers and ex­
temal electronic counters in conjunc-
tion is an example of detector 
'hybridisation'. The ability of the EMI to 
identify and assist in the measurement 
of neutrino events can be used to pre-
select bubble chamber pictures of par-
tïcularly rare but interesting events. 

It is also proposed to use the EMI 
electronics to actually trigger the bub­
ble chamber caméras. This triggering 
could be feasible under certain condi­
tions and for some classes of events. 
As well as saving film, it would also 
reduce the scanning and measuring 
workload. 

Equipped with its External Muon 
Identifier and with the enhanced neu­
trino beams available from the SPS, 
Gargamelle is ready to add further 
chapters to its already illustrious 
history. Already it has taken over 
15000 pictures at the SPS. 

Computer expansion 
One of the most striking featuresof the 
expérimental scène in high energy 
physics is the continuing increase in 
the demand for Computing power. 
With an IBM 3 7 0 / 1 6 8 added only last 
year to a CDC 7600 for the central 
Computing service at CERN (see 
January issue, page 13), new es­
timâtes of the future Computing re-
quirements, including increased de-
mands from the West Expérimental 
Area of the SPS as well as the immi­
nent start-up of opérations in the North 
Area, indicate that a 50 per cent in­
crease in capacity will be necessary by 
1980, even though most of the CERN 
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Bubble chamber physicists (left to right) Sam 
Barish, Edith Smagalski, Virgil Barnes and 
Malcolm Derrick grouped at Argonne around a 
projection of the millionth picture taken in the 
Fermilab 15 foot chamber. The event, not 
decipherable in the picture, was a candidate for 
a neutral current interaction produced by an 
antineutrino in hydrogen during an Argonne / 
Carnegie Me/Ion / Purdue experiment. 

(Photo Argonne) 

high energy physics data is now 
analysed outside CERN. 

First plans were to increase the 
capacity of the existing IBM 370 / 1 68 
machine by means of an 'attached 
processor' to supplément the already 
considérable computer power provid-
ed by the 7600 machine, 'front-
ended' by CDC 6500 and 6400 com­
puters. 

Recently, IBM disclosed plans for a 
powerful new processor, the 3032, 
which, if installée! alongside the 
existing 370 /168 , would increase 
CERN's IBM Computing capacity by 
about 90 per cent. This processor is 
now on order and should be available 
by the end of 1978. 

As well as processing power, the ex­
pansion in high energy physics data re-
quires both storage space and some 
means of getting the stored data to the 
computer. Some 120000 réels of data 
on magnetic tape have already been 
accumulated at CERN and this number 
is increasing at the rate of about 
20000 réels each year. 

The management of ail this data 
créâtes problems because dise space 
is necessarily limited and the mounting 
and dismounting of tape réels requires 
a lot of manpower. IBM now has 
available so-called 'mass storage 
Systems' in which small réels of wide 
magnetic tape are moved into position 
automatically, like a sort of giant juke­
box, eliminating much of the man­
power requirement. 

At the same time, the ability to 
quickly shift data back and forth 
between thèse spécial tapes and dise 
gives the user the impression that he 
has much more dise space at his dis­
posai. The 3850 Model A1 mass 
storage unit envisaged for CERN would 
effectively increase the total available 
dise space by a factor of 20, while 
enabling input / output traffic to be 
speeded up with little or no additional 
manpower effort. It could be delivered 
to the central Computing service at 
CERN by the Summer of 1 978. 

DESY 
Moving to 
higher énergies 
At the end of October the électron-
positron storage ring, D0RIS, came 
back into action after a shutdown dur­
ing which two higher power PETRA-
type r.f. cavities were introduced so as 
to increase the peak energy of DORIS 
to 4.3 GeV. As described in the Oc­
tober issue (page 320), the magnet 
ring is good for 5 GeV peak energy and 
if ail goes well with the 4.3 GeV tests 
an attempt will bè made (with four 
more high power cavities) to reach the 
région of the 1 0 GeV Upsilon particles. 

For the higher energy opération the 
magnet System in DORIS has been 
altered so as to have the two beams 
circulating in a single ring rather than 
the two rings which have been used up 
to now at lower énergies. This is 
because there is a considérable gain in 

luminosity with one ring at the higher 
énergies. 

Meanwhile construction of the 
PETRA storage ring to achieve 
électron-positron colliding beams at 
up to 18 GeV energy continues at the 
same rapid pace that it has assumed 
since its start some eighteen months 
ago. On 23 October, PETRA received 
électrons for the first time and they 
were taken through one of the com­
plétée! octants. (Positrons had already 
performed this preliminary exercise in 
May.) The beam monitoring System 
was in action and ail is looking well. 

The next milestone is scheduled for 
25 November when the électrons will 
be taken through the straight section 
following a completed octant and 
eight r.f. cavities will be installed there. 
By the end of the year, the trajectory 
will be extended through a second oc­
tant and the beam tests will then be 
halted until the complète ring is ready. 
Commissioning is scheduled for 

373 



autumn of next year and everything is 
on programme to achieve this date. 

With PETRA rushing towards com-
pletion, the collaborations carrying out 
the five experiments already approved 
(see November 1976 issue, page 388) 
have their work eut out to keep pace 
with the hectic schedule. However, 
they are ail confident that they will be 
there in time to use early PETRA parti­
cles and equipment testing is well un­
der way. 

But the expérimental programme for 
PETRA is by no means already a closed 
shop. New groups would find itdifficult 
to be there to see the first électron and 
positron collisions but the PETRA 
Research Committee welcomes more 
proposais. 

The five currently approved experi­
ments use only four of the intersection 
régions (PLUTO and CELLO will share 
the same intersection and use the 
same cryogénie facilities), there are 
two intersections vacant (deliberately 
left empty initially so as to be able to 
respond quickly to any new physics or 
new developments in détection techni­
ques) which could be used for physics 
soon after the machine starts up. As 
well as using thèse extra expérimental 
areas, new experiments could also be 
installée! alongside those already ap­
proved. 

The PLUTO collaboration is par-
ticularly busy. The PETRA schedule re~ 
quires that this detector should move 
to its new site in May next year but it 
still has a heavy programme at DORIS 
hoping to capitalise on the higher 
énergies before moving to pastures 
new at PETRA. DASP, the other main 
detector at DORIS, is now run by a new 
collaboration, the old team having dis-
banded to prépare experiments for 
PETRA (although a major proportion 
of the team is intact in the collabora­
tion developing the TASSO detector). 

There is still a lot of useful DASP 
data to be analysed and it is hoped to 
extend the documentation ofthe decay 
modes of the heavy lepton discovered 

at Stanford. In particular the decay into 
its neutrino and a pion needs to be 
studied. This reaction can be 
calculated theoretically but présent 
limits on the branching ratio are below 
the predicted value while the cor-
responding decay into a neutrino and a 
rho looks fine. This is a small cloud on 
an otherwise clear horizon. 

DASP is now manned by an 
enthusiastic new collaboration which 
is seeking further members to bring it 
up to strength. While PLUTO is con-
strained by the tight PETRA schedule, 
DASP will be able to fully exploit the 
higher énergies and luminosities 
available from the uprated DORIS, and 
hopes to be able to explore the Upsilon 
mass région in détail before anyone 
else. DASP will also continue to 
measure the decays of the new heavy 
lepton, where improved statistics will 
be available with the higher DORIS 
luminosities. Charmed baryons, yet to 
be studied in détail at storage rings, are 
also high on the agenda. 

PLUTO's place at DORIS will be 
taken by BONANZA, a detector built by 
a Bonn / DESY / Mainz collaboration 
which has already had a run at DORIS 
and accumulated some data on a rare 
decay of the eta prime into two gamma 
rays, a reaction which could provide in-
sight into the exact nature of the quan­
tum numbers of quarks. Statistics are 
still insufficient to get a positive resuit 
but, after the departure of PLUTO, 
BONANZA will be able to collect 
further data and, hopefully, continue 
the impressive record of achievement 
at DORIS. 

This achievement has not only been 
in the field of high energy physics. A 
vigorous programme of research with 
the synchrotron radiation from the or-
biting beams has also been under way 
— one area receiving the light from 
the électron beam and another (run by 
the European Molecular Biology 
Laboratory) receiving the light from the 
positron beam. On 19 October a sym­
posium on synchrotron radiation 

research was held at DESY and future 
plans for such research were discus-
sed. 

A Committee headed by M. Cardona 
has examined the needs in the Fédéral 
Republic of Germany and has con-
cluded that two machines are 
désirable — one to cover the lower 
energy ultraviolet radiation région and 
one to cover the higher energy X-
radiation région. The Government has 
decided to locate the ultraviolet 
facility, a 750 MeV électron ring, in 
Berlin, probably in a new Institute. It 
will be used by research centres, by the 
National Bureau of Standards and by 
German industry, which is interested in 
pursuing the technique of X-ray 
lithography for replicating very fine 
structures. Prior to the completion of 
the Berlin machine (probably in 1983), 
industry will have a light beam from 
DORIS to pursue this research. 

The X-ray requirements will be met 
on DORIS by considerably extending 
the existing facilities. It is intended to 
wrap a two storey building around a 
full quadrant of the ring and to draw 
light from ports after each of six 
magnets. Thèse beams will be split to 
give ten X-ray beams and ten or more 
vacuum ultraviolet beams. The user 
community has already forwarded fifty 
proposais for experiments with the ex-
tended facility. The facility could be 
ready by 1979 depending upon when 
DESY resources, now heavily taxed by 
the PETRA project, can be brought to 
bear. 

A high proportion of the DORIS 
operating time should then be 
available for synchrotron radiation 
work since the rôle of the storage ring 
in the injection system of PETRA will 
be taken over by the new ring PIA (see 
October issue). Also the high energy 
physics interest in that energy range is 
likely to have waned. 

DORIS, plus Berlin, LURE at Orsay, 
SRS at Daresbury and probably 
ADONE at Frascati, should see Europe 
happily through the next five years 
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and more of synchrotron radiation 
research. The European Science Foun­
dation has set up a Committee to look 
at needs beyond the existing or immi­
nent facilities and its report is expected 
soon. 

KEK 
Polarized proton filter 
for neutrons 
A polarized proton filter for thermal 
and epithermal neutrons has been con-
structed and successfully operated by 
the KEK Polarized Target Group at the 
KEK Laboratory in collaboration with 
the Japanese Atomic Energy Research 
Institute and Tohoku University. The 
filter will be used to polarize the 
neutron beam at the KEK booster. 

This is one of the useful applications 
of a technique developed in the field of 
high energy physics to another field of 
physics. The idea came from the fact 
that the cross section for neutron-
proton scattering is much larger when 
the proton and neutron spins are an-
tiparallel than when they are parallel. 

The possibility of polarizing a 
neutron beam by passing it through a 
polarized proton filter was demon-
strated by F. Shapiro and his collea-
gues at Dubna more than ten years 
ago. Applications for a thermal and 
epithermal neutron beam were 
proposed by A. Masaike in the polari­
zed target group of KEK and a similar 
idea for polarization analysis of cold 
neutrons came from the Institute Laue-
Langevin after the discovery of the 
high polarization of protons by a 
dynamic method at helium-3 tempér­
atures. 

Ethylene-glycol containing a few per 
cent of Cr v ions was used as filter 
material at KEK. The filter size was 
about 3.5 mm in diameter and 9.6 mm 
in length and the filter material was 
surrounded by liquid helium-3 for cool-
ing (except in the beam path so as to 

The two big détection Systems on the DORIS 
électron-positron storage rings at DESY. 

1. The PLUTO spectrometer with the two 
halves of its superconducting magnet pulled 
back. PLUTO will have a brief run at the new 
higher énergies and luminosities on DORIS 
before moving to PETRA in May of next year. 

2. The DASP spectrometer manned by a new 
collaboration, which could usefu/ly absorb 
further members, will remain on DORIS and 
hopes to be the first détection system to cover 
the Upsilon mass range in détail. 

(Photos DESY) 
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Polarizing a neutron beam by passing it through 
a polarized proton target. This schematic 
représentation indicates how the différent 
scattering cross sections in the target (which is 
surrounded by helium-3) results in the 
transmitted beam being predominantly of 
neutrons which have their spins para,lie/ to 
those of the protons in the target. 

Looking like a bizarre scène from an Ingmar 
Bergman film, this photograph records the 
move of an 18m length of hélium transfer line 
for the Fermilab Energy Doubler project. It will 
be used with three superconducting dipole 
magnets. 

(Photo Fermilab) 

avoid the absorption of neutrons by 
hélium nuclei). The technique of 
dynamic polarization of protons in 
ethylene-glycol is almost the same as 
in the polarized proton targets for high 
energy physics. The ethylene-glycol is 
irradiated by microwaves of 70 GHz in 
a magnetic field of 2.5 T giving a 
proton polarization of about 72%. 

This target was exposed to the 0.08 
eV neutron beam from a reactor of the 
Atomic Energy Research Institute. The 
ratio of the numbers of transmitted 
neutrons, parallel to anti-parallel with 
respect to the direction of the proton 
polarization, was larger than ten. The 
resuit indicates that a thermal and 
epithermal neutron beam polarization 
higher than 9 0 % can be obtained by 
this method. 

It has several advantages over the 
Bragg scattering on iron-cobalt or a 
polarization filter of samarium-149. It 
can take polarized neutron beam inten­
sives almost of an order of magnitude 

higher and it imposes no restrictions 
on the angular divergence of the in-
coming beam. In addition, it covers the 
energy range between 10" 3 eV and 10 4 

eV which is much wider than covered 
by other methods. 

FERMILAB 
Muon Workshop 
A Muon Workshop was organized to 
discuss the next génération of muon 
experiments at Fermilab. The first 
génération, carried out by groups from 
Chicago/Harvard/Il l inois/Oxford and 
Cornell / Michigan State, discovered a 
violation of Bjorken scaling in deep in-
elastic lepton-nucleon scattering and 
conclusively demonstrated that no 
simple redéfinition of the scaling 
variable (a method tried with some 
success on earlier, lower energy 

électron scattering data at SLAC) was 
adéquate to eliminate the observed ef-
fects. The Workshop was challenged 
to find equally exciting new goals for 
the next experiments and, with the ad-
vent of the impressive new muon 
beam and expérimental facilities at the 
CERN SPS, this challenge was con­
sidérable. 

In the Workshop, organized by T. 
Kirk (Associate Head of the Neutrino 
Department), new theoretical and ex­
périmental questions were explored. 
Central to the discussions was the ex-
pectation that a new muon beam 
would be developed in the context of 
the 1000 GeV Tevatron programme, 
so that intense beams of good optïcal 
quality could be produced with 
énergies up to 800 GeV and intensities 
up to 10 8 per puise. This would give a 
factor of 2.5 in energy relative to the 
beam now being developed at CERN 
and a factor of 50 in intensity relative 
to the existing Fermilab beam. 

J.D. Bjorken (SLAC) and J.S. Sul­
livan (Illinois) covered the physics 
which can be investigated with such a 
beam. The most obvious extension of 
présent work is to push the scale viola­
tions further in an attempt to déter­
mine their précise behaviour which 
is important for theoretical under-
standing of the scale breaking mecha-
nism. There is also much to be gained 
in studying the recoil hadrons in muon-
proton and muon-deuterium collisions, 
particularly in the large momentum 
transfer région where the existing 



The photon total cross section recorded with 
the taggedphoton beam at Fermilab. They have 
pushed the measurement to new high énergies, 
confirming the rise with energy as seen for 
other ha drons, and achieved suffi ci en t a ccura c y 
to observe the small effect due to the existence 
of charm. 

Drawing of the détection System in the photon 
experiment as positioned forphotons from a 90 
GeV électron beam. Ci, C2 andC3 are scintil/ator 
ca/orimeters. Electromagnetic events are 
recorded in a central lead lucite shower counter 
(SC). Wire chambers (MWPC) identify wide 
angle electromagnetic events. 

Fermilab data is sparse. The increase 
from 300 to 800 GeV muons will be 
particularly welcome as it adds a unit 
of rapidity to the accessible kine-
matical régime. 

In addition to thèse obvious exten­
sions of présent work, both Bjorken 
and Sullivan emphasized that muon 
scattering in heavy nuclei will enable 
an important class of experiments on 
quark propagation in nuclear matterto 
be studied. Such experiments explore 

very fundamental particle properties 
and are not, as many physicists seem 
to believe, merely messy nuclear 
physics. Rather well developed theo­
retical tools are now available for 
analysing the scattering in heavy 
nuclei. 

J.-J. Aubert (Annecy) gave a 
stimulating review of the work planned 
at CERN by the European Muon Col­
laboration. He was followed by a 
number of experimenters dîscussing 

ideas for interesting physics which 
could become accessible with the new 
beam. They also outlined ways in 
which the experiments could be done. 
Among the ideas were experiments 
on high luminosity inclusive muon 
scattering, multi-muon production, 
electromagnetic / weak interférence 
experiments, charged current weak in­
teractions, and various final statë 
hadron détection and measurement 
schemes. 

Photon total 
cross sections 
A Fermilab / Santa Barbara / Toronto 
group recently completed measure-
ments on the hadronic photoproduc­
tion total cross section on hydrogen. 
The experiment used a tagged photon 
beam in the Proton Area in conjunction 
with a sophisticated hadronic spec-
trometer of interlaced calorimeters 
and wire chambers. 

Measurement of the photon total 
cross section provides very fundamen­
tal information. For example, because 
of the hadronic nature of the photon, 
one expects a rising cross section at 
high énergies such as is observed in 
typical hadron scattering. Earlier 
theoretical ideas suggested that the 
cross section would follow an ap-
propriate sum of vector meson-proton 
cross sections whose energy depen-
dence can be estimated from the quark 
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Son of 
CAMAC 

model and measurements of pion-
proton and kaon-proton total cross 
sections. 

Adding charm to this picture pro­
duces noticeable effects as charm 
channels eut in. Some plausible argu­
ments indicate that the onset of charm 
could lead to an increase of the order of 
2 % for the total cross section. A 
précise experiment, with statistics bet­
ter than 1 %, was required to résolve 
this question. The récent experiment 
not only extended the measurements 
to a new high energy but did so with 
much greater précision than achieved 
before. 

Most photon interactions in a 
hydrogen target are not hadronic but 
involve electromagnetic processes that 
are highly collimated in the forward 
direction, which means that a trans­
mission measurement of the total 
cross section is not satisfactory. 
Instead, the detector collected ail the 
hadronic products outside of a narrow 
forward cone (just slightly smaller than 
the rho opening angle). This région is 
covered with both charged and neutral 
hadron detectors. Behind the central 
noie, an electromagnetic shower 
counter measured electromagnetic 
energy and helped to veto pair events. 
Detectors were arranged so that they 
could be moved along the beam to 
scale for différent energy ranges. 

Photons were produced by bom-
barding a thin radiator with an électron 
beam of known energy. The électrons 
bremsstrahlunged to produce forward 
going photons with part ofthe incident 
energy, while électrons that radiated 
proceeded with the remaining energy. 
A magnet just after the radiator 
deflected the électrons into a séries of 
shower counters which measured their 
energy so that it was possible to tag 
the energy of the photon. 

This system functioned well both in 
determining the energy ofthe photons 
and in establishing their flux with 
remarkable précision. To cross check 
opération of the beam, the experiment 

ran at several différent électron 
énergies up to 200 GeV and it was 
possible to measure the photon total 
cross section on hydrogen from 18 to 
185 GeV. 

The results show a total cross sec­
tion of about 115 microbarns rising 
linearly by about 2 microbarns per 100 
GeV. The errors are less than 1 %. This 
data seems to connect with much of 
the lower energy data and the energy 
dependence is in agreement with 
earlier models which relate the cross 
section to vector-meson production. 
However, the net cross section is 
several microbarns higher than would 
be expected if charm is not taken into 
account. 

Data was also taken using heavy 
nuclei targets to study the energy and 
A dependence of nuclear shadowing, 
which is yet another manifestation of 
the hadronic nature of the photon. 
Preliminary results on carbon and cop-
per in the 45 to 90 GeV range indicate 
that the shadowing effect has, if 
anything, increased over that at lower 
énergies. 

One of the big spin-off successes in 
high energy physics has been in the 
field of fast electronics with the 
development of the standard CAMAC 
interface techniques which enable 
data collection and control Systems to 
be developed for ail types of applica­
tions and for use with a wide range of 
différent computer equipment and 
electronics. Without CAMAC, or 
similar standards, data acquisition | 
Systems would have to cope afresh 
with the exact hardware and software 
requirements of each application. 

As well as being a Worldwide stand­
ard for high energy physics and nuclear 
physics experiments, CAMAC is also 
used in a wide range of other 
laboratory environments, and even 
further afield in industry wherever 
there is a large scale requirement for 
data acquisition or telemetry. 

However, the fast rate of develop­
ment in data processing techniques 
and electronics has been generally in-
terpreted as limiting the useful life of 
CAMAC in its présent form, and it is 
realised that sooner or later a replace­
ment or complementary interface 
method will be required to offer in­
creased speed, scope and flexibility. ^ 

In 1975, formai représentations 
were made to the Nuclear Instrumen­
tation (NIM) and CAMAC committees 
in the USA, suggesting that future ex­
periments designed to take data at 
very high rates would find themselves 
hampered by the présent CAMAC 
maximum speed of 1 MHz per 24 bit 
transfer, and by other limitations, 
pointing to a need for a long term 
replacement system. 

An investigatory group was set up, 
which recommended that a formai Ad­
vanced Systems Study Group should 
be established to examine, in détail, 
the requirements for data collection 
rates in future experiments, the future 
trends in minicomputer speeds and 
design, and the increasing use of 
'distributed intelligence' in which 
processing power is dispersed through 
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A typical CAMAC set-up. CAMAC has been one 
of the big spin-off successes in high energy 
physics and is now used in a wide range of 
différent data acquisition and computer control 
applications. But the fast development taking 
place in this field means that a replacement or 
complementary interface technique will soon 
be required. 

(Photo CERN 130.12.72) 

a system rather than being centred in 
one place. The Study Group was to put 
forward its conclusions on the require­
ments for a 'next génération' of inter­
face Systems. Its terms of référence 
said that, while compatibility with ex-
isting CAMAC techniques should be a 
subject for study, it was not necessarily 
a binding commitment. 

In its report, published earlier this 
year, the Study Group concluded that 
CAMAC has some gênerai shortcom-
ings which would severely limit its 
usefulness for future experiments us­
ing new data acquisition and process­
ing techniques. While CAMAC might 
be able to work with thèse problems 
for a long time to corne, a long term 
replacement system is clearly needed. 
Thèse objectives are now being incor-
porated into preliminary designs for 
the new system. Final spécifications 
should be complète by the middle of 
1979, with production models ready 
soon after. 

At the same time, the ESONE 
collaboration responsible for the 
maintenance of CAMAC standards in 
Europe has acknowledged the need to 
investigate the long term future of 

1 CAMAC and has its own Study Group. 
Although not directly involved in the 
new USA design work, CERN is closely 
monitoring progress and has observers 
at the regular NIM meetings. 

Some of the future needs identified 
by the USA Study Group included 
block transfer requirements involving 
the high speed transfer of blocks of 
data words (for example, between dif­
férent buffers) ; the increasing use of 
preprocessing and parallel processing 
techniques (for example, using micro-
processors to select data as early as 
possible, reducing the volume of data 
to be transmitted), and the handling of 
'sparse data' in large arrays of detector 
éléments, only a few of which would 
contain relevant information. 

Control and data acquisition 
software requirements are taken into 
account at the outset of the new 

spécification, while provision is being 
made for parallel processing and mul-
tiprocessing, including the required 
communications protocols. Other 
gênerai requirements which have been 
identified include the need to read and 
write individual registers, to initiate ac­
t ivités (such as interrupts) remotely, 
and to enable the status of the whole 
system to be changed by a single 
signal. 

To fulfil thèse requirements, the new 
interface standard will need to operate 
at a speed at least ten times that of 
CAMAC (that is, more than 10 MHz) 
and be able to operate in two transfer 
modes — a 'handshake' mode involv­
ing exchange of signais between two 
devices and another mode where 
blocks of data could be transmitted 
without necessarily having to wait for a 
response. It should be able to handle 
'sparse data' as a matter of routine. 
The Study Group also had réservations 
about CAMAC's addressibility and its 

compatibility with distributed proces­
sing techniques. 

The limitations of CAMAC can also 
be illustrated by the relatively large 
number of ad hoc electronic Systems 
which have been developed in récent 
years for spécial applications. Each of 
thèse Systems overcomes one or two 
of the major CAMAC problems, but 
none of them can really be regarded as 
forming a basis for gênerai develop­
ment. 

Whatever the outcome of the new 
design work, CAMAC will probably still 
be with us for many years to corne. Far 
from disappearing from the scène 
when the new Systems émerge, 
CAMAC could well obtain an extra 
lease of life. 
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Physics monitor Contrary to popular belief, nucléons are not 
held together by exchanges of single pions. 
Instead, the dominant attraction could corne 
about through the excitation of 'nucléon 
isobars' with two-pion exchange (as sketched 
on the left). This is ana/ogous to the dipo/e-
dipo/e interactions of excited states in the van 
der Waa/s forces in molécules (right). 

The nucleon-nucleon 
force 
The interaction between pairs of 
nucléons, the NN force, is one of the 
main points of contact between 
nuclear physics and particle physics. A 
good understanding of this interaction 
enables nuclear physicists to better 
understand and describe the behaviour 
and properties of nuclear matter, while 
particle physicists gain a deeper in-
sight into the mechanisms which in­
fluence individual particles. 

The traditional way of looking at the 
NN force is as a séries of Yukawa-like 
single meson exchanges. The observed 
properties of the interaction require 
five mesons (pi, rho, oméga, phi and 
sigma), each with its own characteris-
tic behaviour. A long-standing embar-
rassment has been the light (450 MeV) 
sigma meson, which has been in-
troduced into the theory to provide a 
central attractive potential. But no 
such meson exists ! 

Two-pion exchange can simulate 
the required features of sigma-
exchange, so that the need to identify 
with a physical particle is not neces-
sary. Nevertheless the idea of the ex­
change of a single particle is a useful 
form of 'shorthand' to describe the re­
quired central attraction between pairs 
of nucléons. The exchange of two 
pions créâtes a force directly 
analogous to the van der Waals force 
in molécules and enables a deep and 
satisfying analogy to be drawn 
between the binding of nuclear matter 
and the forces at work in molécules. 

The figure shows on the right the in­
teraction between two neutral molé­
cules in terms of photon exchange. The 
first photon induces an electric dipole 
in one molécule and this dipole trans-
mits a photon to the second molécule, 
creating another dipole. Thèse two 
dipoles interact and give rise to the van 
der Waals forces. The overall effect of 
thèse induced dipole-induced dipole 

interactions is described by a 
characteristic structure constant — 
the electric polarizability. 

In the nucleon-nucleon case, pions 
take the place of photons, while the 
excitation of nucléon isobars corre­
sponds to the création of induced 
dipoles. This mechanism gives rise 
to a medium-range attraction which 
dominâtes effects due to single pion 
exchange. Thus, contrary to popular 
belief, nuclei are held together by a 
pionic équivalent of the van der Waals 
mechanism and not by single pion ex­
change. 

While the nucleon-nucleon interac­
tion is attractive at médium range (a 
distance greater than about 0.8 fermi), 
there is a strong repulsion from about 
0.5 fermi inwards, interpreted as the 
resuit of oméga exchange and it is this 
repulsion which makes the close study 
of the proton so difficult. It is inside this 
répulsive core that quarks could exist, 
confined by a suitable mechanism (see 
below). 

Thus the nucleon-nucleon interac­
tion is well described at relatively long 
distances while the investigation of the 
inner régions is more difficult. The 
single oméga exchange, strongly 
répulsive for the nucleon-nucleon 
case, becomes attractive between 
nucléons and antinucleons and could 
enable bound states to occur (see 
August issue, page 243). One im­
médiate task is to identify the quantum 
numbers of such 'baryonium' states 

and to formulate the correct sélection 
rules. 

This study provides more fuel both 
for quark model investigations and for 
nuclear dynamics, so extending the 
valuable common ground between 
nuclear and particle physicists. 

Quark confinement : 
1. Quantum 
chromodynamics 
Despite the impressive list of 
prédictions to its crédit, the quark 
model of hadrons was long 
overshadowed by the reluctance of the 
quarks to unashamedly reveal 
themselves. Now, this reluctance is in­
terpreted as the resuit of quark con­
finement' — the quarks are there ail 
right, but they find it difficult to leave 
each other's company. 

There are number of ways of trying 
to explain this permanent confinement 
of quarks inside hadrons. One, called 
quantum chromodynamics, is yet 
another example of the use of gauge 
théories in particle physics (see 
September issue, page 271), while a 
totally différent approach sidesteps the 
problems of field theory and présup­
poses that the quarks exist only inside 
a small volume, or 'bag'. Quarks in 
bags, etc., will be dealt with in a subsé­
quent article. 
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In the early days of the quark model, 
the non-appearance of quarks was ex-
plained by supposîng that free quarks 
were extremely heavy, but were bound 
together by tremendously strong 
forces which swallowed up most of 
this rest mass to give relatively light 
hadrons. This in essence was the first 
model of quark confinement. 

In such a picture of heavy quarks 
cemented together by the major 
proportion of their rest mass, one 
would expect additional quark-
antiquark pairs to be created relatively 
easily, and this is not seen. Also such a 
picture did not tie in with notions of 
quark 'additivity', where many good 
prédictions can be made simply by ad-
ding together the properties of the 
constituent quarks in a reaction. Quark 
model calculations could literally be 
done on the backs of envelopes and, 
what's more, gave some good results. 
If the quarks retained their individuality 
in strong interaction dynamics to such 
an extent, it would be difficult to 
imagine them as being crushed 
together by some still stronger force. 

The next due came from the classic 
experiments at SLAC which showed 
that hadrons probed with high energy 
électron beams behave like boxes of 
small, extremely light particles, or 
partons'. Subséquent experiments 

with neutrino beams at CERN using the 
Gargamelle bubble chamber showed 
similar behaviour and demonstrated 
that thèse parton constituents inside 
nucléons had quark-like properties. 

Thèse and similar experiments show 
that when the deep inner structure of 
the nucléon is probed by weakly and 
electromagnetically interacting parti­
cles, spin 112 quarks show up. Analysis 
shows that the masses of thèse quarks 
are negligible compared with the ac-
companying momentum transfers of 
1 GeV or so and under thèse conditions 
even the quark-quark interactions 
seem to become negligible. 

This discovery forces us to the con­
clusion that while free quarks are 

reluctant to corne out into the open, 
they are nevertheless only loosely 
bound together in hadrons. Quarks 
stick together permanently but gently ! 

Asymptotic freedom 

In a Yang-Mills field theory, the 
parameters describing internai particle 
properties (isospin, etc.) are allowed to 
dépend on space and time so that a 
formalism can be developed which is 
broadly analogous to the highly suc-
cessful techniques of quantum 
electrodynamics. 

Several years ago, it was discovered 
that using such a Yang-Mills field 
theory within a small enough région of 
space-time, quarks would not interact 
very much, a condition known in the 
trade as 'asymptotic freedom'. If this 
space-time volume were enlarged, the 
level of interaction between the quarks 
would become stronger. This is in 
complète contrast with quantum 
electrodynamics, where the effective 
charge on the électron becomes bigger 
and bigger as the space-time volume 
of interaction is decreased, leading 
eventually to an infinité charge for a 
'bare' électron. 

This infinity in quantum electrody­
namics is naturally removed from the 
theory by the process of 'renor­
malisation' which takes account of the 
additional interactions surrounding a 
bare électron to give the small obser­
vable electronic charge. In Yang-Mills 
field theory, the corresponding 'bare' 
charge for the isolated particle is zéro, 
and becomes bigger as the additional 
surrounding interactions are included. 

Colour 

In the same way as electromagnetic in­
teractions are mediated by the ex­
change of massless spin one photons, 
so such a field theory of quark-quark 
interactions says that the interactions 
are mediated by the exchange of mass­
less spin one particles, called 'gluons'. 

An analogous quantity to electric 
charge must exist in the quark theory, 
and this is where 'colour' cornes in. The 
gluons carry colour between the 
quarks, which have a colour charge. 

The need for additional quark quan­
tum numbers besides 'flavour' (up, 
down, strange, charm and whatever 
else) had been suspected for some 
time. When the decuplet of heavy 
baryons (the family which includes the 
Omega-minus) is constructed from 
three quarks, it has a wave function 
which is symmetric both in flavour and 
angular momentum (spin). However, 
according to the Pauli exclusion princi-
ple, the wave functions of ail particles 
with half-integer spin (including 
baryons) should be antisymmetric. 

This is easily remedied by bringing in 
another quantum number like 'colour' 
but the ideas of colour soon take on a 
deeper significance. In the colour pic­
ture, quarks have three additional at-
tributes which like charge, isospin, 
etc., carry over into hadrons. If there 
were no restrictions, the colour model 
would produce ail sorts of colour varia­
tions of the hadrons built from quarks, 
but such variations are not seen. (It is 
important to remember that 'colours' 
refer only to quantum numbers, and 
cannot be seen as colours, any more 
than 'flavours' can be tasted !) 

To keep down the number of possi­
ble hadrons, we can say that ail 
observed particles have to have zéro 
colour (Le. they are 'white' in a com­
posite colour picture). For baryons 
made from three quarks, the zéro 
colour combination is found to be 
antisymmetric, so if the total baryon 
wave function is built up from three 
factors, flavour, angular momentum 
and colour, then it is indeed antisym­
metric as required by the exclusion 
principle. 

Quark interactions must therefore 
be such that ail hadrons have zéro 
colour, and the problem of quark con­
finement is then put in another way: 
why cannot colours be separated ? The 
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simplest quark configurations which 
have zéro colour are a quark-antiquark 
pair (a meson) and a triplet of three 
quarks (a baryon). Other combinations 
of quarks having net colour and non-
integer quantum numbers are not 
seen. 

Problems 

In principle, the problem of quark con­
finement and the gênerai behaviour of 
the quark-quark interaction can be 
studied using a Yang-Mills field theory 
which incorporâtes thèse ideas of 
colour. This theory is quantum chro-
modynamics, frequently abbreviated 
to QCD. 

However, in field theory, the only 
calculational framework which is well 
understood is the perturbation techni­
que in which successive levels of in­
teraction are obtained to get a doser 
and doser approximation to the 
'answer'. 

In quantum electrodynamics, the ef­
fective charge which describes the size 
of the interaction between a charged 
particle and the electric field is a small 
number. A perturbation séries expan­
sion therefore has successive terms 
which get smaller and smaller and this 
séries is easy to handle. 

Using thèse perturbation techniques 
in quantum chromodynamics, we can 
handle the small colour charges which 
occur when quarks are described in 
small enough régions of space-time, 
but the effective colour charge quickly 
increases outside this small régime of 
asymptotic freedom to give séries ex­
pansions which cannot be handled. 

Using thèse limited calculational 
techniques, quantum chromodyna­
mics cannot describe quark confine­
ment. This is not to say that the theory 
is wrong : it is just that the right ma-
thematical methods for handling the 
calculations have yet to be found. 

Nevertheless, perturbation theory 
can still be applied in the small space-
time régions around each quark where 

the effective colour charge is small 
enough. This is équivalent to treating 
the hadron as some kind of 'box' of free 
quarks and, if the idea is applied to 
neutrino-nucleon interactions, results 
are obtained which mysteriously agrée 
with experiment ! 

Thus we arrive at a picture of quark 
interactions which can only be applied 
inside small enough régions of space-
time. This does not explain confine­
ment but, nevertheless, gives some 
results which agrée with experiment. 
This state of affairs is not yet under­
stood, but it does mean that further 
useful calculations using asymptotic 
freedom might be possible, gïven the 
right kinematical conditions. 

Until the mathematical tools 
available for field theory have been 
developed further to give a more com­
plète framework for calculations, some 
people are turning away from this in­
complète description of quark interac­
tions in favour of one which présup­
poses confinement. This 'bag' model 
will be dealt with in a subséquent arti­
cle. 

On stage 

An expérimental théâtre group called 
'The Phantom Capta in' has brou g ht 
particle physics to the London stage 
with a work entitled 'The (2nd) 
Changeness Congress'. Using Nigel 
C aider's The Key to the Universe' and 
Fritjof Capra's 'The Tao of Physics' as 
sources of inspiration, they put 
together, in cabaret form, a lively (and 
accurate) présentation of the présent 
turmoil of our understanding of the 
nature of matter. Robert Walgate, 
favourably reviewing the event in the 
'New Scientisf, maintains that The 
Phantom Capta in have made a break-
through being 'the first group ever to 
make particle physics sexy'. We are 
obviously g oing to pay dearly for the 
diseovery of charm. 

CERN School of Physics 

The 1978 CERN School of Physics is 
being organized in collaboration with 
the Dutch Physicaf Society. It will be 
held from 4-17 June at Austerlitz-Zeist 
near Utrecht in the Netherlands. The 
ai m of the School is to communicate 
aspects of current theoretical physics 
to young expérimental physicists 
mainly from the CERN Member States. 
Further information may be obtained 
from Miss D.A. Caton, Scientific 
Conférence Secrétariat, CERN, CH-
1211 Geneva 23, Switzerland. 

USA reorganization 

We mentioned in the September issue 
the création of the Department of 
Energy (DOE) in the USA under 
Secretary of Energy, James 
Schlesinger. Within the Department 
there is an Office of Energy Research 
headed by a Director who reports to 
the Secretary on the physical research 
programmes, such as high energy 
physics, transferred from the former 
Energy Research and Development 
Administration (ERDA). The Director of 

382 



the OER is John Deutch former 
Chairman of the Chemistry 
Department at MIT. The Laboratories 
under OER include Berkeley, 
Brookhaven, Fermilab and SLAC. 

Muon number conserved 

A lot of excitement was generated 
earlier this year when preliminary data 
hinted that the muon breaks up 
occasionally into an électron and a 
gamma ray. If this proved to be so, the 
distinctiveness of the muon as 
opposed to the électron (expressed as 
muon number conservation) would 
have broken down. A Montréal/British 
Columbia / TRIUMF / Melbourne col­
laboration, working at the TRIUMF 
cyclotron, has analysed 20% of their 
data collected using two large sodium 
iodide detectors to look at muon 
decays. They see no sign of the 
electron-gamma decay and have set a 
new lower H mit of/ess than 3.6 x 10~9 

of the decay into an électron and two 
neutrinos. The muon number is thus 
conserved down to this levé! of 
détection ability. The remaining data is 
likely to be analysed by the end of this 
year. 

Somebody out there 
loves us 

The Commission of the European 
Communities carried out a survey of 
attitudes to science in the ni ne 

countries of the EEC. The results, from 
questioning some 9000 people, were 
strongly pro-science and pro-govern-
ment support of science, in die a tin g 
that the widely voiced belief in public 
apathy or antagonism towards science 
is not based on fact. 69% of those 
interviewed considered science one of 
the most important factors in the 
improvement of our daily life. (This 
should be balanced with a 67% 
response that very dangerou s 
repercussions can ensue from civilian 
applications of science.) 80% believed 
in 'the future of scientific research' and 
81 % that the State should subsidize 
such research. 79% were for the 
research being carried out by a joint 
effort of the Member States ofthe EEC. 
There was also great in te rest 
expressed in scientific information put 
out by the média. Science writers can 
now sleep in their beds at night. 

CERN COURIER moves mountains 

In our September issue, page 289, we 
made référence to the famous 
Ventauro' high energy cosmic ray 
event seen in nuclear emulsions 
exposed on Mount Chacaltaya in 
Brazil. Oscar Rondon-Aramayo from 
Case Western Reserve University 
a le rte d us to possible annexât ion of 
part ofhis native Bolivian Andes where 
Mount Chacaltaya is actually located. 
We were mi sied by the experiment 
collaboration which is Brazil / Japan. 

A neat diagramatic représentation ofthe results 
of the experiment using a polarized proton 
target and a polarized proton beam (reported in 
the August issue, page 237). The upperpicture 
shows that when the two protons are spinning 
in the same direction, the probabi/ity of hard 
scattering increases. The lower picture shows 
that, when the two protons are spinning in 
opposite directions, the partie/es can pass 
through one another more readi/y. 

(Photo Argonne) 

Bolivia's Physics Research Institute 
opérâtes the Cosmic Ray Laboratory 
on the mountain. It was on this 
mountain that CF. Powell, G.P.S. 
Occhialini and CM. Lattes exposed, in 
the late 1940s, the emulsion that 
revealed the pion for the first time. 

Anniversary at Uppsala 

Five hundred years ago, in 1477, the 
first University in Sweden was founded 
at Uppsala. To celebrate the anniver­
sary, conférences, symposia, exhibi­
tions and concerts have been organi­
zed throughout the year and the festi-
vities culminated during the last week 
of September with the conferment of 
the degree of Doctor Honoris Causa on 
a number of outstanding scientists 
among whom were Wolfgang Paul, 
présent Chairman of the CERN Scien­
tific Policy Committee, and Glenn 
Seaborg, Associate Director at the 
Lawrence Berkeley Laboratory. 

As part of the célébrations some of 
the Departments of the University 
organized 'Open Days' during which 
the public was invite d to take a doser 
look at the research activities. One of 
the Institutions to open its doors was 
the Gustaf Werner Institute at which 
research in high energy physics is car­
ried out. The research domains of the 
Institute are particle physics, nuclear 
physics andphysicalbiology. The basic 
equipment ofthe Institute is a synchro-
cyclotron and, as a major project in 
Sweden, this accelerator is now being 
upgraded to become a sector-focusing 
machine which will yield 10 \xA of 
protons at variable energy up to 200 
MeV. Heavier ions up to oxygen-16 
will also be accelerated. The new 
machine, which will be ready in three 
years, will find extended use in particle 
physics (nuclear structure physics and 
detector development for experiments 
at CERN), nuclear chemistry, physical 
biology, clinical tumour treatment and 
production of isotopes for médical use. 

During the Open Day at the Institute 
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1. 

on the 30 October, organized in paral­
lel with that ofthe Tandem Accelerator 
Laboratory (basic equipment: 6 MV 
terminal voltage tandem Van de Graaff 
accelerator) of the University, in­
strumentation from both the physical 
and biologie al research activities was 
displayed and their opération was ex-
plained to the lay-man on posters. The 
activities at CERN were shown using 
photographs, slides, posters and the 
projection of the film 'Inside CERN'. 
Physicists were présent to expia in and 
discuss with the visitors. The at­
mosphère was lively throughout the 
day and the public apparentiy ap-
preciated this informai way of contact 
with the scientists. In this respect the 
event was reminiscent ofthe 'physique 
dans la rue' events organized at the 
Aix-en-Provence Conférence in 1973. 

On people 

Brookhaven has suffered another sad 
blow to its community of accelerator 
physicists. Corning soon after the loss 
of Ken Green, one of his close 
colleagues Renate Chasman died on 
1 7 October. Rena Chasman moved to 
Brookhaven in 1963 and became an 
expert parti eu larly on the theoretical 
aspects of beam behaviour in 
accelerators. She worked on the 
design and construction of the AGS 
200 MeV linac, the design of the 
ISABELLE proton-proton storage ring 

2. 

and the design of the électron storage 
ring for the National Synchrotron Light 
Source. 

Herwig Se hop per, Director ofthe DESY 
Laboratory, is on a three week visit to 
China where he will be discussing the 
possible participation of Chinese 
scientists in the expérimental 
programme on the PETRA électron-
positron storage ring. 

Staff movements at Fermilab: Tom 
Kirk has assumed responsibility as 
Associate Department Head of the 
Neutrino Department. Peter Mclntyre 
has become Group Leader of the 
Internai Target Area. Richard Lundy 
has been appointed Business 
Manager. A/vin Tollestrup has joined 
the Fermilab staff in the Energy 
Doubler / S a ver Group and will also 
head a new group in the Research 
Division responsible for research and 
development of électron detectors and 
data-acquisition techniques. Larry 
Coulson succeeds Peter Gollon as 
Head of the Radiation Physics Group 
and the Laboratory Radiation Safety 
Office. 

Arie van Steenbergen is heading the 
construction of the National 
Synchrotron Light Source at 
Brookhaven. The $24 million project 
was described in the December 1976 
issue. It will provide facilities for 
synchrotron radiation research in the 

1. Rena Chasman 

2. Helwig Schopper 

X-ray and ultra-violet régions as from 
1981. 

Bob Wilson, Director of the Fermilab, 
has written an extensive article about 
his Laboratory's 'Tevatron' 1000 GeV 
project in the October issue of Physics 
Today'. 

One that went by while we were 
looking the other way — In the report 
of the Serpukhov Accelerator 
Conférence in the August issue we 
refered to A.A. Logunov as Director of 
the Serpukhov Institute ofHigh Energy 
Physics. Academician Logunov has, 
of course, been succeeded as Director 
by Prof essor L. Soloviev. 

Hiroo Kumagai of the Institute of 
Nuclear Physics, University of Tokyo, 
died on 5 November. He was an 
accelerator specialist, parti eularly 
in the field of vacuum technology. 

Staff movements at Brookhaven : 
Dereck Lowenstein succeeds Horst 
Foelsche as Head of the Expérimental 
Planning and Support Division and Y. Y. 
Lee succeeds Lyle Smith as Head of 
the AGS Division. Du ring Foelsche's 
term the EP and S Division constructed 
the High Energy Unseparated Beam 
(using four superconducting dipoles), 
constructed a high-intensity, high-
energy pion beam, designed a new 
high-flux low energy separated beam, 
and constructed the hypernuclear 
spectrometer. Under Lyle Smith, the 
integrated proton flux of the AGS 
doubled (to 5.5 x 1019 per year), the 
peak intensity passed 1013 protons per 
puise, and the average internai 
intensity approached 1013ppp. 
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information pewald Electronic 

Klaasing - Reuvers BV Breda Holland 

M o d u l a r p o w e r supp l ies 

Aselection of popular units economically piiced. 

Type V I Unitprice 

524 5V 500mA 1 10 .— 
542 5V 1A 125 .— 
546 5V 2A 195 .— 
536 ±12V 100mA 115 .— 
537 ±12V 200mA 135 .— 
505 ±15V 100mA 11 5 .— 
565 + 15V 200mA 135 .— 

Delivery from stock. 
Short circuit protection: current limiting. 
Operating température range: — 2 5 ° C to +71 °C. 
Excellent régulation. 
Ask for the complète catalogue. 

Dewald AG Seestrasse 561 Tel. 01 4513 00 
8038 Zurich Télex 52012 

ACCELERATOR ENGINEERS 
New England Nuclear is assembling a team of 
technical experts for a new linear accelerator 
project. Our plans are to design, construct and 
operate the first industrial Alvarez-type proton 
LINAC and our current needs are for 2 accelerator 
experienced engineers. 

RF ENGINEER 
Responsibilities are to design, specify, procure, 
test, and operate a 200 MHz high power RF 
System for our LINAC. 

MECHANICAL ENGINEER 
Responsibilities are to design, specify, procure, 
and install mechanical Systems such as cooling, 
vacuum, and structures for our LINAC. 

Requirements for both positions include a BS 
or advanced degree plus accelerator related 
expérience. 

We offer a compétitive salary commensurate 
with expérience plus a comprehensive benefits 
program including relocation and profit sharing. 

Interested applicants should submit their 
résumes with salary history to 
New England Nuclear, 601 Treble Cove Road, 
Billerica, MA 01862. 

I j ^ j b l N e w England Nuc lea r 

Wide Band, Précision 

C U R R E N T 
M O N I T O R 

With a Pearson current monitor and an 
oscilloscope, you can measure puise or 
ac currents from milliamperes to kilo-
amperes, in any conductor or beam of 
charged particles, at any voltage level up 
to a million volts, at frequencies up to 
35 MHz or down to 1 Hz. 

The monitor is physically isolated from 
the circuit. It is a current transformer 
capable of highly précise measurement 
of puise amplitude and waveshape. The 
one shown above, for example, offers 
puise-amplitude accuracy of + 1 % , —0% 
(typical of ail Pearson current monitors), 
10 nanosecond rise time, and droop of 
only 0.5% per mill isecond. Three db 
bandwidth is 1 Hz to 35 MHz. 

Whether you wish to measure current 
in a conductor, a klystron, or a particle 
accelerator, it's likely that one of our 
off-the-shelf models (ranging from l / 2 " 
to 1 0 3 / 4 " ID) will do the job. Contact us 
and we will send you engineering data. 

PEARSON ELECTRONICS, INC. 
4007 Transport St., Palo A l to , CA 94303, U.S.A. 

Téléphone (415) 494-6444 
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What good is the best 
Computer/Processor 

if the 
Peripheral Equipment 

is inadéquate? 
Peripheral equipment is not just peripheral 

equipment. Some configurations are tailored to 
applications, others make it tough to get the job 
done. Obviously, only a company with a wide 
sélection of equipment can give you compétent 
advice and offers a System with an optimum 
price/performance ratio. 

STOLZ specializes in computer/ 
processor peripheral equipment. Our in-house 
hardware and software development division, 
foreign subsidiaries and an extensive line of 
peripherals from various manufacturers guarantee 
a sophisticated technological know-how and 
objective consulting of your needs. 

To get the correct peripheral 
whether it be a Tape Reader/Punch, 
Floppy Disk Drive or System, Add-in/ 
Add-on Memory, Display Terminal, 
Cassette Recorder or Printer/Plotter -
talkto STOLZ. 

STOLZ sells and maintains peri­
pheral equipment tailored to your 
needs such as DECITEK, DATA SPE-
CIALTIES, SHUGART ASSOCIATES, 
DATA SYSTEMS DESIGN, TAND-
BERG, AXIOM, OKIDATA, DATARAM 
and VARIAN Systems. 

For further information, simply 
mail the coupon below. Or -give us a 
call and ask for a specialist. 

Tel. 057 /5 46 55 
Télex 54070 

...because 
peripheral 

equipment counts. 



IMIWI 

The NE 4694 is a simple inexpensive 1024-channel 
analyser, with built-in ADC, designed for monitoring 
signais in large dedicated nuclear electronic Systems. It is 
also ideally suited for teaching and other applications 
requiring simple facilities. 
Spectrum display is readily obtained with the NE 4699 
Display or with most oscilloscopes and recorders 

Features: 
1024-channel 
memory with 
subgrouping 

In-builtADC, 80 M Hz 
Unipolar or Bipolar 
0-10V input 
Gated charge 
sensitive input option 
Channel capacity: 105-1 
Channel content on 
LED display 
Channel sélection 
markers set by 
digiswitch 
X, Y, and Z outputs 
for display oscilloscope 

Ancillary NIMS available: 

NE 4699 Display, NE 4698 Integrator, 
NE 4624 Clock, NE 4601 + NE 4626 Bin, 
NE 4655 Low Voltage. 

Request full détails and new NIM 
Catalogue from: 

N U C L E A R 

Subgroup sélection: 
1024, 512, 256 

Compatible 
Intégration Module 
available 
Analyser or 
Multiscaler opération 

Parallel or sériai data 
output 

S A . 

IE31I 25 Chemin François-Lehmann, 
1218 Grand Saconnex, Genève. 
Tel. [022] 98 16 61 /62 Télex 289066. 
Associate Companies 
Nuclear Enterprises Ltd., Sighthill, 
Edinburgh EH11 4EY, Scotland.Tel. 031-443 4060 
Télex 72333 Cables Nuclear, Edinburgh 
Nuclear Enterprises GmbH, Schwanthalerstrasse 74, 
8 Mùnchen 2. Germany. Tel. 53-62-23Télex 529938 
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Connectorswith CERAMIC insulating material 
résistant to radiation and to high températures 

S + D 1051 
19 PINS 

Connectors with ceramic insulat ing material 
are exist ing now in fo l lowing vers ions: 

— coaxial 
— coaxial for high voltage 
— biaxial 
— mul t ip le : 2, 3, 4, 5,10,19 and 48 pins 

CONTACT BLOCK 
48 PINS 

W . W . PISCHEU 
CH - 1143 Apples 

Pat. pend. 

Téléphone (021) 77 3711 
Télex: 24 259 f isch - ch 



PFEIFFER-TURBO 
the optimized programme to produce hydro-carbon free 

high and ultra-hiqh vacuum. 
Turbo-molecular pumps, to make 
vacuum production a mere trifle. 
High compression ratio for hydrogen 
and other light gases • constant 
pumping speed over a large working 
range • low vibration and noise level 
• high performance/weight ratio • 
easy installation due to horizontal or 
vertical connection • low operating 
costs • sturdy and reliable • easy 
handling • simple maintenance. 

PFEIFFER TURBO for cleanest vacuum 
in:particle accelerators, their beam 
guide Systems and target chambers 
• neutron generators • UF6-techno-
logy • plasma physics • mass spectro-
metry and gas analysis • électron 

TPU 200 on heavy ions accelerator of the 
Gesellschaft fur Schwerionenforschung (GSI) 
(Society for Heavy Ions Research), Darmstadt. 

microscopy and micro probes • vacu­
um coating and sputtering • optics 
• semi-conductor production • manu­
facture of high-frequency quartz 
crystals • manufacture of incandes­
cent bulbs and tubes • space simula­
tion • calibration Systems • metal-
lurgy • production of hydrocarbon 
free «fore-vacuum» for other HV and 
UHV pumps, e.g. ion çfetter, sorption 
and cryo pumps. 

PFEIFFER TURBO available for pump­
ing speeds between 100 and 6500 l/s. 

o 
CN 
O 

z 

BALZERS HOCHVAKUUM AG 
Stampfenbachstrasse 48 

Postfachl86 
CH-8035 Zurich 

Tel. (01) 60 32 66 Télex 52 278 

o 
o 
o 
00 PFEIFFER TURBO: advanced vacuum technology 
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Brides en acier inoxydable équipées de traversées 
céramique-métal pour alimentation d'électro-aimants 

d'un accélérateur de particules 

FABRICATIONS 
DE NOTRE USINE D'EVREUX 

PASSAGES ELECTRIQUES ETANCHES 
Céramiques métallisées et brasées 

PIECES pour MECANIQUE, NUCLEAIRE, 
ELECTROMECANIQUE 

Tubes, barreaux, plaques, disques en AF997 
Pièces usinées rectifiées 

PIECES pour ELECTRONIQUE 
Radômes, fenêtres électromagnétiques 
Poudres abrasives et pour projection 

Revêtements céramiques par projection plasma 
LUMIDOSIMETRES en Verre Phosphatique 

(BREVET C E A ) 
LUMIDOSIMETRES en fluorure de Lithium pour 

dosimètrie individuelle (Brevet C.E.A.) 
ARTICLES DE LABORATOIRE en oxydes frittes 

Creusets pour évaporation 

It's 
ELEMENTary Pneumatics: 

one connection 
leads to another! 
The assembly of SERTO polyamide Connecting élé­
ments could not be easier, A 90°- twist , and the 
bayonet catch is engaged. O-rings seal off the 
through-ports. Who le batteries are assembled in a 
matter of minutes. 
Connection to the tubing is just as simple. Whether 
in control and monitor Systems for air-condit ioning, 
in chemical plants, or otherwise in machinery: just 
eut off the tube, push it in the union, and screw 
t ight. The job is done! 
Connect-up is especially easy on pneumatic panels 
and switch cabinets. A single hand movement, and 
the battery is hooked on the carrier rail. Another 
move, and it's off the rail again. Even the future is 
in-built: W i th the SERTO system your manifold is 
manifold! Modify and extend as needed. 

Don't miss your connection! 

G R E 5 5 E L A G C H -
phone 0 5 2 / 4 7 2621 

A A D O R F 
télex 7 6 4 3 6 gress 

D e s m a r q u e s t & C . E . C . s . a . 
Z.I. N 1 - 27000 EVREUX - France 

Tél. (32) 39.15.95 - Télex 180573 F DESCERA 

W l METAUX PRECIEUX S 

High-purity precious metals 

Evaporation dises (5N) 

Au, Pt and Pd targets (5N) 

Pt-PtRh précision thermo-couples, supplïed 
with a guarantee or calibration certificate 

Miniature PtCo magnets, made to measure 

Electrical contact materials 

Please ask our technical advisers for further détails 

METAUX PRECIEUX SA 

2, Av. du Vignoble 
CM-2000 Neuchâtel 9 

1, Bvd du Théâtre 
CH-1211 Genève 11 

1 9, Lôwenstrasse 
CH-8039 Zurich 

Téléphone 

038-2121 51 

Télex 

35101 
35401 
35403 

022-21 63 77 

01-2118120 57783 
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LE TUBE A RAYONS CATHODIQUES DIO 220 BE : 
TRÈS GRANDE VITESSE D'ÉCRITURE : 50 cm/ns 

- bande passante : 5 GHz 
- grande sensibilité : 2 V/cm 
- diamètre du spot très fin : 80 pm 
- le seul tube à rayons cathodiques 
fabriqué actuellement en série ayant ces 
performances. 

porte aux domaines d'applications suivants : 
- mesure de phénomènes non récurrents 

extrêmement rapides 
- diagnostics d'engins 
- commutation rapide, etc. 
Ce tube fait partie de la gamme complète de 

Ces caractéristiques d'avant-garde ouvrent la nos tubes à rayons cathodiques. 

NOS CENTRES INDUSTRIELS : DES TECHNOLOGIES DE POINTE. 

R.T.C. LA RADIOTECHNIQUE-COMPELEC 130, av. Ledru-Rollin, 75540 PARIS CEDEX 11, tél. 355.44.99 

391 





New! lon-implanted HpCe 
detectors for high-energ y 

charged particles. 

Hyperpure germanium 
10 mm deep 

lon-implanted front contact 

Lithium-diffused rear contact 

Made of hyperpure 
germanium with 
standard sensitive 
depths of up to 
10 mm (even greater 
depths available on 
request), Ortec's 
new G Séries de­
tectors combine 
superb resolution 
with unprece-
dented stopping 
power: up to 220 
MeV for alphas, 60 MeV for protons, 
or 10 MeV for électrons in a single dé­
tecter. Thèse revolutionary detectors can 
be stored at room température and 
temperature-cycled indefinitely without 
dégradation. And their ion-
implanted entrance window is 
cleanable in the event of 
accidentai fîngerprinting or 
pump-oil contamination. 

A spécial new preamplifier, 
the 142AG, has been developed 
as a companion to our G Séries 

B N C connector 

Housing 

Back cover 

detectors. It is a fast 
(<20 ns risetime) 

preampessentîally 
similartothe 142A, 
with noise charac» 
terîstïcs optimîzed 

for germanium rather 
than silicon charged-

particle detectors. 
For those of you 

who do not require 
the tremendous 

stopping power of 
the G Séries, we offer the 142AH preamp 

and C53/54/55 cable feedthrough Sys­
tem, which permits low-noise opération 

of silicon surface barriers at up to 5000 V 
with complète freedom from corona 

effects. 
For complète technîcal infor­

mation on thèse and other Ortec 
products, contact your nearby 
Ortec représentative or Ortec 

Incorporated, 110 Midland Road, 
Oak Ridge, TN 37830. (615) 

482-4411 

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ (§) 

A N ^ E S ï S C O M P A N Y 

76 OFFICES IN 49 COUNTRIES 

Discover what you've been missing. 
« Or tec 6 8 5 3 
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a s e c o n d 
p r é f a b r i c a t i o n 

p l a n t : 
after the plant in Montelimar FRANCE, 
the plant in Olazagutia SPAIN 
has become operational. 
You can : 
• leave to us the installation of 

500 t/month of piping circuits 
• be sure that the quality 

requirements and delivery date 
that you ask for will be met 

Our 2 préfabrication plants 
Assernbly area 

bOccard 
DESIGN, SUPPLY, FABRICATION AND INSTAL­
LATION OF PIPING SYSTEMS FOR RESEARCH, 
OFFSHORE OIL EXPLORATION AND REFINING 
• CHEMICAL AND PETROCHEMICAL INDUS­
TRIES • IRON & STEEL INDUSTRY • NU­
CLEAR POWER STATIONS... 

2000 People - 500 Licensed welders 

Sté BOCCARD 

e BP 6080 - 69604 Villeurbanne Cedex 
FRANCE - Tél. (78)68 34 35 Télex 300426 F 

• Tervuerenlaan 42 - 1040 Brussel 4 
BELGIQUE 

• Edificio Deusto - Avenida del Ejercito 3 
Deusto - Bilbao 14 - ESPAGNE 

• Olazagutia - (Navarra) - ESPAGNE 
• Via Gozzi N° 5 - 10121 Torino - ITALIE 

D é b i t m è t r e s 
GEC-EIliott, Rotameter Works, Croydon 

Appareils calibrés et 
non calibrés 
pour liquides et gaz 

t y p e 1100 

livrables ex stock Zurich 

Heraeus 
WITTMANN 

Rubans chauffants 

Câbles chauffants 

Tuyaux chauffants 

Sélecteurs de puissance 
et de tension 

Demandez la documentation auprès de 

Oerlikonerstrasse 88 
tél. 01/46 4040 

vorm. WISMER AG 8057 Zurich 

La détérioration 
des roulements 
sera 
révélée à temps 

Le contrôle des roulements 
avec la méthode SPM est simple, fiable 
et a fait ses preuves mondialement 

Des renseignements complémentaires 
peuvent être obtenus auprès de : 
Roth & Co. S.A., Niederuzwil 
Tél. (073) 51 68 68 

Producteur: 
S P M Instrument AB 
Strângnâs, Schweden 





• N E T 

Un groupe de niveau européen 
dans 
la prestat ion de services 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 

Hygiène, désinfection, désinsectisation, dératisation 

Manutentions 

Office nouveau du nettoyage ON ET 
13008-MARSEILLE 
75-PARIS 
GENÈVE 
74-ANNECY 
01 -SAINT-GENIS 

Fournisseur du CERN à Genève, du CEA à Marcoule, Pierrelatte, Cadarache, 
La Hague, de l'ONU et de l'UlT à Genève. 

12 bis, boulevard Pèbre tél. (91) 7 6 2 8 5 0 
4 et 6, rue du Buisson - Saint-Louis - X e tél. (1) 2 0 8 1 5 57 
55/57, rue Prévost-Martin tél. (022) 2 0 6 8 4 8 
6, avenue de Mandallaz tél. (50) 5 1 4 6 4 1 
Route de Gex - zi BP 25 tél. (50) 41 9 1 3 3 

Give you rself peace of minci. 
With our fully automatic ionization gauge controller. It 

does the work right every time. Should you trust your vac­
uum process to controllers that offer less performance? 

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

You get electronic autoranging that responds rapidly to 
pressure bursts. That means you avoid unnecessary sys-
FOR SALES AND SERVICE CONTACT: 
France: V.M.D.l. Le Vide Moléculaire, Dans L'Industrie, 11 , Rue De La Vil lette, 
75019 Paris, France, Téléphone: 205-26-80, Télex: 280 823/500 ITSER • Italy: 
G. Gambetti Kenologia, 201 22 Milano, Via Lamarmora 33, Milan, Italy, Téléphone: 
54.66.982, 54.66.986, Télex: 843-32250, Cable: TECNOTORR • Netherlands: 
Intechmij B.V., LipVan De Landreand Gl indermanGroep, Postbus 8068, Hoogkar-
spelstraat 68, Den Haag, Holland, Téléphone: 070-251212, Télex: 31216 • Bel-
gium/Luxembourg: Landre-lntechmij N.V., Lange Leemstraat 383, 2000 Antwerp, 
Belgium, Téléphone: 0 3 1 - 3 0 3 2 7 3 / 3 0 3 2 7 8 , Télex: 3 5 2 6 4 Landre-B • Sweden, 
Norway, and Finland: Vacuumservice, a.b., P.O. Box 42137, S-126 12 Stockholm 
42, Sweden, Téléphone: 08-744-29-85, Télex: 116 95 Vacserv S, Cable: Vacuum­
service Stockholm • Switzerland, Liechtenstein, and Austria: U. Gr'âzer Vakuum-
technik, Neumuhlequai 6, 8001 Zurich, Switzerland, Téléphone: 01 47 1588, Tél­
ex: 58933 • United Kingdom/lreland: Kratos Ltd./A.E.I. Scientif ic Apparatus, Bar-
ton Dock Road-Urmston, Manchester M31 2LD, England, Téléphone: 061-876 
4466 Ext., Télex: 668482 Kratos G., Cable: Sciapp Manchester • West Germany: 
Vivod/Physik-Technik, Augustenstrasse 27, 8000 Mi inchen 2, West Germany, 
Téléphone: (089) 521002, Télex: 524687 Vivod D • 

tem shutdowns that can be caused by mechanical range 
changing mechanisms. 

Service problems can be easily corrected. Ail circuit com-
ponents, including ail switches, are mounted on two printed 
circuit boards that can easily be changed without any sol-
dering opérations. 

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

Spécifications, priées, sales and service on our complète 
line of ionization gauge controllers are available by contact-
ing the appropriate company below. 

GRANVILLE-PHILLIPS 
5675 EAST ARAPAHOE AVENUE 

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

Where you buy w i th confidence. 
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SEN is back with 
THE RED LINE 

F E - N I M m o d u l e s 
This month , w e introduce: 

LOGIC UN ITS 
LU 278 

32 input logic unit 

— 16 - or 32 - O R / A N D Logic unit 
— more than 1, 2, 3, 4 logic major i ty outputs 
— analog majori ty output 

inputs : 32 (LU 278) or 16 (LU 274) 50 n decoupled 
NIM level 

w id th : m in imum 5 ns for 4 major i ty output , 
m in imum 3.5 ns for 1 major i ty output 

logic outputs : 4 outputs allowing to discriminate if more than 
1, 2, 3 or 4 simultaneous inputs 
3 complementary outputs 

level : 16 m A current sources 
w id th : input wid th or overlap minus 2, 3 or 4 ns for 

outputs 1, 2 and 3 
l / 0de lay : < 11 ns 

analog output : 1 output allowing to discriminate if 1, 2, 3, 4, 5 or 
6 inputs 

level : current source 2,66 mA/ inpu t 
w id th : input w id th or overlap minus 2.5 ns 
l /Odelay : < 6.5 ns 

France: ORTEC Sari; 7, rue des Solets; Tel. (1) 687 25 71 - Tlx 202553F, F - 94 - RUNGIS - Germany: SEIM ELEKTRONIK GmbH; [, I I , I r v n 
Postfach 223; Tel. 04 103 62 82 - Tlx 2189 548 d, D - 2000 - WEDEL - DIDAS Digital Data System; Radspielstrasse 8; t==T) r===i

t M x ' 
Tel. 089 91 67 10 - Tlx 529 167d - D - 8000 MUENCHEN 81 - Switzerland: SEN ELECTRONIQUE SA.; CP 39; ' ' 
Tel. (022) 44 29 40 - Tlx 23359ch - CH - 1211 GENEVE 13 - SEN ELEKTRONIK AG; Austrasse 4 ; Tel. (01) 945 51 03; 
Tlx 58257ch - CH - 8604 VOLKETSWIL - United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey;Tel. 
9328.66744 - GB - KT168AP SURREY. - OFFICES THROUGHOUT THE WORLD. ' 1 1 1 1 1 

Headquarters: SEN ELECTRONIQUE S.A.; Avenue Ernest Pictet 3 1 ; Tel (022) 44 29 40 - Tlx 23359ch - CH 1211 GENEVE 13. E L E C T R O N I Q U E 
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WES C A M A C T E A M 
KARL WEHRMANN SPALDINGSTR. 74 2000 HAMBURG 1 TEL. 040 /2415 11 TLX 2 1 6 3 0 4 3 

C A M AC-CRATES 2 0 0 - 5 0 0 W 

• CERN COMPATIBLE, PLUGABLE 
POWER BOX 

• PLUGABLE FAN UNIT 

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

• CURRENT/VOLTAGE DISPLAY 

• SHORT CIRCUIT PROTECTION 

• COMPUTER MONITORING PLUG 

• THREE 500 W-VERSIONS 

For detailed technical and price information please contact WES and ask for catalog 9/76 

WES-CAMAC-TEAM 
represented in Switzerland by 

C A N B E R R A - S T O L Z A G Belikoner Str. 218 CH-8967 Widen-Mutschellen Telefon 057/54078 Télex 54070 

Angst Pfister 
VOUS PRÉSENTE UN EXTRAIT DE SON PROGRAMME DE VENTE 

• MATIÈRES PLASTIQUES 
Lubriflon-PTFE, Ertalon, Ertacetal, Eltflon pour applications électroniques 

• POLYPLATE PROCESSING 
Condensateurs,cônes d'antennes, substrates 

• TUYAUX FLEXIBLES 
pour basse, moyenne et haute pression, types spéciaux avec capacité 
de résistance aux radiations — fluide eau déminéralisée 

• ÉLÉMENTS DE TRANSMISSION 
Accouplements élastiques, variateurs de vitesse, 
transmission par courroies trapézoïdales et dentées, etc. 

• JOINTS D'ÉTANCHÉITÉ 

standard ou sur plans en tous matériaux 

1219 GENÈVE-LE LIGIMON TÉL.: 022/964211 
ROUTE DU BOIS-DES-FRÈRES 52-54 TÉLEX: 22675APG 
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A Winning Combination... 
for Monitoring and Control 

3235 DISPLAY DRIVER 

• CAMAC module 

• Drives standard black-and-white TV monitors 

• Available for 50 or 60 hertz frame rates 

• 64, 48, 32, or 16 characters per line 

• PROM wi th 64 ASCII and 32 spécial characters 

• Digital I/O for touch panel, keyboard, or other 
devices 

5209 TOUCH PANEL DISPLAY 

• Touch-sensitive transparent panel w i th 16 
" b u t t o n s " 

• Standard TV moni tor w i th 9-inch screen 

• Computer can change legends for screen buttons 

• Seven addit ional input buttons 

• Video and digital I/O interface for the 3235 

• Options for 120 or 220 volt power 

Please contact; us for additional information 

Kinetic Systems International S.A. 
Dep t . CC117 * 6 Chemin de Tavernay * 1218 Geneva, Switzerland * Tel. (022) 98 44 45 * Télex 28 9622 

KineticSystems Corporat ion * 11 Maryknoll Drive * Lockport, Illinois 60441 * Tel. 815 838 0005 * TWX 910 638 2831 
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new 

L* PI & 

L e C r o y 
MODEL 2259A 

12-channel 
peak-sensing 

ADC 
sets the pace for 
high energy physics 
offers a révolution in 

PRICE 
Up to 40% lower than 
compéti t ive designs. 

PERFORMANCE 
Wide dynamic range—11 bits 
over 2 V full scale. 

Superior l ineari ty—ful ly computer 
verif ied before shipment. 

Fast c lear—for quick terminat ion 
of unwanted conversions. 

High density—smal ler 
investment in CAMAC overhead. 

USEFULNESS 
Liquid argon ionization chambers. 
Linear mult iwire proport ional chambers. 
Nal detectors. 

Call or wri te for détails. 

laCroy 
RESEARCH SYSTEMS + 

LeCROY RESEARCH SYSTEMS CORP.; 700 S. 
Main; Spring Valley, N.Y. 10977, U.S.A.; (914) 425-
2000; TWX: 710-577-2832 • LeCROY RESEARCH 
SYSTEMS/FAR WEST; 1806 Embarcadero Rd.; 
Palo Alto, CA 94303 • LeCROY RESEARCH SYS­
TEMS SA; 81 Avenue Louis-Casai; 1216 Cointrin-
Geneva, Switzerland • LeCROY RESEARCH SYS­
TEMS LTD.; 74 High Street; Wheatley, Oxfordshire 
OX9 1XP, U.K. • LeCROY RESEARCH SYSTEMS 
G.m.b.H.; Treitschkestrasse 3; 6900 Heidelberg; 
W. Germany • LeCROY RESEARCH SYSTEMS 
SARL; Alpha 128, Rue des Champs Lasniers; 
F-91440 Les Ulis, Paris, France. 

cr r 
Mental 

GROUPE CGE 

charge 
amplifiera for 
proportional 

wire chambers 
• High sensitivity (250 mV/picocoulomb) 

• Low noise (0,004 picocoulomb) 
# Variable shaping time 

• Available in three versions 
(2 for cathodes, 1 for anodes) 

• Thick film technology 
• Two channels per module 

• Low price 

Full détails f rom: 

CIT ALCATEL 
Microelectronics Division 

13, rue Périer 92120 Montrouge (France) 
Phone: (1) 657 12 70 - Télex 270014 F « 
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J u s t a q u e s t i o n o f s p é c i m e n i l l u m i n a t i o n ? 

The inclined incident i l luminat ion 
in gênerai use wi th stereomicro-
scopes is death to the détail on 
specular metallic surfaces and on 
th in- f i lm integrated circuits. Inte-
resting structures fade to mere 
weak outl ines on a black back-
ground (left), and many détails are 
completely invisible. 
N o w look at the same spécimen 
agaîn, but in coaxîal incident l ight. 
Interférence colours are seen on 
th in f i lms; structures appear bold 
and crisp (right). Faults, irrégulari­
t é s and damage are seen at a 
glance in an erect, laterally-correct, 
wide-f ield image and w i th a large 
work ing distance. 

The Wi ld M450 Epimakroskop is 
an uncompromis ing vertical-
beam instrument wi th a superb 
zoom system which brings out 
such fine détails clearly. If, how­
ever, you wish to combine coaxial 
i l luminat ion wi th other l ighting 
techniques and you already have 
a Wi ld M 3, M 5/M5A, M7A or M 8 
Stereomicroscope, you can now 
s imply add the coaxial incident 
l ight housing. 

In the Wi ld programme you' l l 
f ind ail possibil it ies, right up to 
photomicrography. It's wor th 
making the most of them. 

Mî 46-78 
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