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Now, for the first time, high energy 
resolution from PIN silicon photodiodes 

used as nuclear counters 
The new S1723 silicon photodiode provides 
the low junction capacitance and high 
shunt resistance needed for high speed 
response and low noise. The UV response 
is particularly suitable for use with BGO 
and other scintillation crystals. A sensitive 
area greater than 100mm2 is provided in 
a very compact package. 

This new detector is less than 3mm 
thick compared with 60mm or more for 

PMT's. Thus, the S1723 occupies a small 
fraction of the space, and costs about half 
as much when used with today's solid 
state amplifiers. 

Applications include scintillation detec­
tion in the fields of high energy physics, 
medical diagnostics and industrial instru­
mentation. Hamamatsu engineers will 
modify the S1723 or other detectors to 
meet your needs. 

D1983 Hamamatsu 

Call or write for product bulletin and prices. 

HAMAMATSU 
HAMAMATSU CORPORATION • 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE:(201) 469-6640 
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La nouvelle station de travail 
scientifique IBM 6150. 

L'IBM 6150 est un micro-ordinateur de 
32 bits destiné aux travaux scientifiques 
et techniques les plus divers. 
Les techniciens et les ingénieurs l'ap­
précieront pour sa grande puissance de 
calcul, ses possibilités d'intégration 
dans différents types de réseaux et son 
aptitude à être équipé d'un coproces­
seur PC AT. Il peut fonctionner en 
mode autonome ou supporter plusieurs 
postes de travail, ce qui présente un 
grand avantage pour les entreprises. Les 
utilisateurs ont à leur disposition une 
vaste bibliothèque de logiciels, comme 

notamment le Professional CADAM* 
dans le domaine de la CF. A.O. 
Par ailleurs, grâce à son architecture 
ouverte tant au niveau du matériel 
que du logiciel, l 'ordinateur IBM 
6150 est un instrument de travail 
universel. Enfin, il fonctionne avec le 
nouveau système d'exploitation AIX, 
issu du système d'exploitation UNIX** 
Version 5. 
Si vous voulez en savoir davantage sur 
la nouvelle station de travail scienti­
fique IBM 6150, il vous suffit de nous 
envoyer le coupon ci-après. 

i ; "i 
• Veuillez m'envoyer de la documentation 

sur la nouvelle station de travail scien­
tifique IBM 6150. 

Nom: 

Entreprise: _+ 

Rue: 

Téléphone: 
A envoyer à: 
IBM Suisse, Centre de Support Clients, 
Dreikônigstrasse 21, 
8022 Zurich. 

I_- Aveni] npns 

* Marque de la CADAM Inc. **Marque des AT&T Bell Laboratories. 
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THE TWO EACES OF RESIDUAI 

Well-founded informations give 
you a personal lead in any 
project management. Take for 
example 

Carbon fiber 
construction elements 

We provide easily built-in 
safety in Know-how. 

for specific use in experimental 
physics, for panels, pipes, 
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products. 
Please request detailed infor­
mation. Mr H. Mauch will be glad 
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We offer a range that is based 
on 25 years' experience and 
know how through successful 
collaboration with field specia­
lists. 
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A look at LEP 

45 metres below ground, the LEP tunnel 
emerges into the vast underground cavern 
which will house the big L3 experiment. 

(Photo CERN X809.11.85) 

While work on the tunnel linking 
England and France under the Eng­
lish Channel has not yet begun, 
the 26.6 kilometre ring being built 
at CERN for the LEP electron-posi­
tron collider is one of Europe's 
major engineering projects. 

Work began symbolically on 13 
September 1983 when French 
President Francois Mitterrand and 
Swiss President Pierre Aubert gave 
the final touches to the LEP foun­
dation stone. In a project of this 
size, problems and setbacks are 
only to be expected, but three 
years later the achievements are 
impressive and the project team 
is still confident that the gigantic 
machine can be finished on sched­
ule towards the end of 1988. 

Wi th three big tunnelling ma­
chines now at work under the plain 
at the foot of the Jura mountains, 
over 10 kilometres of 3.8 metre 
diameter tunnel have been bored 
of the 23.3 required. In addit ion, 
2.2 kilometres of tunnel have been 
blasted in a 3.3 kilometre stretch 
under the Jura, for which the tun­
nelling machines are not suited. 
Here special precautions are taken 
to avoid interfering wi th water 
courses which for centuries have 
served the towns and villages be­
low. 

February 5 saw one machine 
notch up a record of 58.7 metres 
of tunnel bored in one day, more 
than twice the average figure. As 
the machines move relentlessly 
forward, teams move in to line 
and concrete the completed tunnel 
sections. 

Project Leader Emilio Picasso is 
always quick to point out that the 
status of the civil engineering work 
is even healthier than tunnelling 
progress alone would indicate. 
Before the machines could start 
work , huge shafts up to 
150 metres deep had to be sunk 

and vast underground caverns 
excavated underneath. These are 
now 80 per cent complete, so that 
in total the underground operations 
are well past the half-way mark. 

Over a million cubic metres of 
spoil will have to be removed, 
equivalent to digging a ditch sever­
al metres wide and several metres 
deep right round the urban sprawl 
of London! 

But the tunnel is only the first 
step towards building a machine 
to accelerate and store beams of 
electrons and positrons (anti-elec­
trons) initially at 50 GeV per beam, 
eventually higher. 

For this, a myriad of sophisti­
cated components has to be de­

signed and specified, ordered, 
manufactured and tested before 
installation work in the tunnel even 
begins. 

Supplies for the magnet system 
to guide the particles are well in 
hand. The old tunnel f rom the Inter­
secting Storage Rings is stacked 
wi th kilometres of dipole magnets 
ready to be lowered into posit ion. 
102 of the 524 quadrupole mag­
nets and 144 of the 510 sextu-
poles have arrived f rom European 
industry. Supplies for the radiofre-
quency cavities and the klystrons 
to power LEP's beams are also 
beginning to build up. 

Work on the other ancillary 
equipment — cooling and ventila-
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While work for the LEP machines forges 
ahead, the four big experiments keep step 
with the demanding schedule to be ready 
to intercept the first electron-positron 
collisions towards the end of 1988. Here 
is a prototype module of the Ring Imaging 
Cherenkov counter (RICH) for the DELPHI 
experiment. The DELPHI RICH, the largest 
example of this relatively new detector 
technique, will surround the central tracking 
chamber and will identify charged hadrons. 

(Photo CERN X 757.5.85) 

t ion, transport, cabling, power 
transmission, vacuum, control sys­
tems,.. . — is moving steadily 
ahead ready to lock into the intri­
cate planning of the project. 

While the tunnel progresses and 
the machine components begin to 
arrive, preparations unfold to sup­
ply particles for LEP. Near the val­
iant 27 year-old 'Proton' Synchro­
tron (PS) which gives all CERN's 
particle beams their initial kick of 
high energy, a 100 metre linear 
accelerator — the LEP Injector Li-
nac — is being built. Just before 
Christmas one sector of this ma­
chine accelerated electrons to 
4 MeV and accelerator physicists 
anxiously studied the behaviour of 
the beam. 

In these tests, a number of im­
portant functions (vacuum, power 
supplies, beam position) were 
monitored and controlled by ele­
ments of the new computer control 
system. This gave confidence for 
the task of integrating the remain­

i n g controls and process elements. 
In June, the linac is scheduled 

to inject the first electrons into the 
new Electron-Positron Accumulator 
(EPA), which will store the particles 
prior to injection into the PS. Injec­
tion into the PS is planned for the 
end of the year, providing a Christ­
mas present for the stalwart team 

who are also looking forward this 
year to handling oxygen ions. 

A t CERN and the hundred or so 
research institutes across the 
wor ld collaborating in the four big 
experiments to use LEP, an intri­

cately dovetailed effort ensures 
that the four huge detectors will 
be ready to intercept LEPs first 
collisions of electrons and posi­
t rons, opening a new era of parti­
cle physics. 

Neutrino masses 
Postulated in the early days of 
quantum mechanics by Wolfgang 
Pauli to make energy-momentum 
conservation in nuclear beta decay 
come out right, the neutrino has 
never strayed far f rom physicists' 
attention. The Moriond Workshop 
on Massive Neutrinos in Particle 

Physics and Astrophysics held 
recently in the French Alps showed 
that more than half a century after 
Pauli's prediction, the neutrino 
stubbornly refuses to yield up all 
its secrets. 

Peter Rosen (Los Alamos) began 
the Workshop wi th the charge that 

since 'no simple principle demands 
that the neutrino is massless, i t 's 
up to the people in this room to 
determine the mass' , and the par­
ticipants eagerly took up the chal­
lenge. 

The possible role of neutrinos 
in cosmology was discussed by a 
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Moriond for 
physics 
Twenty years ago, J. Tran 
Thanh Vanh from Orsay ga­
thered together a group of 
fifteen physicists at a rented 
house in Moriond in the 
French Alps for a unique 
week's blend of informal 
physics discussion, skiing, 
cooking and housework. 

The meeting was such a 
success that Tran's collea­
gues urged for a follow-up 
the following year — the Mo­
riond tradition had started. 
An annual three-session for­
mat emerged, with a January 
meeting covering a special 
topic and two Spring meet­
ings given over to strong and 
electroweak interactions. 
Cooking and housework have 
disappeared from the daily 
schedules, but the venue is 
always an alpine skiing re­
sort, almost always in France. 

The Moriond meetings are 
supported by the French CEA 
(Commissariat a TEnergie 
Atomique) and CNRS (Centre 
National de la Recherche 
Scientifique), but the work­
shop held in Tignes (France) 
from 25 January to 1 Februa­
ry this year was also spon­
sored (for the first time) by 
a US Laboratory — Lawrence 
Livermore. The topic was 
Massive Neutrinos in Particle 
Physics and Astrophysics. 

number of theorists including 
Klinghammer, Schramm, and Steig-
man. Studies of galaxy formation 
indicate that neutrinos could con­
tribute to the large scale structure 

of the universe but are not good 
candidates for galaxy formation. 
On a slightly different topic, Gla-
show and Haxton gave stimulating 
and timely talks on T h e Fifth 
Force' (see also page 9). 

There was considerable specu­
lation whether a neutrino beam 
passing through matter may gross­
ly alter its content, which might 
explain the riddle of the missing 
solar neutrinos. (The neutrino sig­
nal picked up on Earth is less than 
what is expected from the sun's 
thermonuclear furnace.) Smirnov 
discussed the recent suggestion 
by Mikcheyev and himself that the 
process has a resonant character. 
He explained that if the electron 
density in the sun varies slowly 
wi th radius, then neutrinos born 
as electron-type neutrinos in the 
solar core can change into nearly 
pure muon-type neutrinos before 
leaving the sun. The electron neu­
trino flux on earth would then be 
severely suppressed. Detailed nu­
merical analyses of this matter-
induced suppression of solar elec­
tron neutrinos were reported by 
Gelb and Rosen, by Hampel, and 
by Mikcheyev and Smirnov. Forth­
coming experiments using gallium 
detectors will sample a different 
part of the electron neutrino energy 
spectrum than the classic chlorine 
(dry cleaning fluid) experiment and 
could check this possible suppres­
sion mechanism. 

A number of experiments were 
discussed which will attack the 
solar neutrino problem by looking 
directly at the neutrinos f rom fu­
sion. Kirsten reported on the newly 
approved GALLEX experiment 
which is scheduled to receive its 
final delivery of gallium in late 1989 
wi th data acquisition commencing 
in 1994. Pomansky commented 
on another approved effort, a 
sixty-ton Soviet experiment which 

hopes to have its gallium by late 
1987. In addit ion, other proposals 
using gallium, boron, molybdenum, 
and heavy water were discussed. 

Observations of the Cygnus X-3 
binary star using the Mont Blanc, 
Frejus, and Baksan underground 
detectors disagreed as to whether 
any remarkable signal had actually 
been seen (see September 1985 
issue, page 264). Since the output 
of Cygnus X-3 in the X-ray region 
is very time-dependent (October 
1984 had t w o weeks of more than 
10 t imes normal X-ray activity), 
correlations between experiments 
could help. 

Coming back to Earth, searches 
for neutrino oscillations (transitions 
between neutrino types) at both 
accelerators and reactors were 
discussed. Accelerator experi­
ments were reviewed and several 
new experiments at Brookhaven 
and Los Alamos in the US and 
Rutherford in the UK were summar­
ized. No definitive evidence for 
neutrino oscillations has been seen 
in the accelerator experiments. 
Some disagreement exists be­
tween the reactor neutrino oscilla­
t ion experiments. Vuilleumier pre­
sented the data f rom the group 
working at the Swiss Goesgen 
reactor. No evidence for oscilla­
t ions is found wi th the detector at 
three different distances f rom the 
reactor core. He pointed out that 
the conclusions are independent 
of the particular neutrino energy 
spectrum emitted f rom the reactor. 
The group working at the French 
Bugey reactor presented previously 
announced evidence for oscillations 
(see July/August 1984 page 244). 
Sobel showed preliminary results 
f rom a new reactor experiment at 
Savannah River (US) which ruled 
out most of the region allowed by 
the Bugey experiment. Hopefully 
this dilemma will soon be clarified. 
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possibly wi th new data from the 
Savannah River group or wi th a 
new experiment proposed by the 
Bugey group. 

Several impressive limits f rom 
searches for neutrinoless double 
beta decay were presented by the 
Milan, Caltech and Osaka under­
ground studies using germanium. 
The implications for neutrino mass 
was the subject of a debate among 
the nuclear theorists Klapdor and 
Vogel. Other searches for neutri­
noless double beta decay were 
reported by Pomansky and by Fio-
rini, who was enjoying a welcome 
relief f rom his 21 000 hour ger­
manium measurement in the Mont 
Blanc tunnel. Fiorini pointed out 
that progress may result f rom nov­
el detection methods. 

It remains a puzzle that double 
beta decay accompanied by t w o 
neutrinos (a rare but allowed pro­
cess) seems be slower than calcu­
lations predict. On the other hand, 
Hahn pointed out that the t w o neu­
trino decay rate now observed in 
selenium 82 is no longer inconsist­
ent wi th the geochemical value. 

Daum reported on the muon-type 
neutrino mass limits, the lowest 
of which is now 270 keV, while 
Koltick reviewed the work on the 
tau neutrino mass, which now has 
to be lighter than 56 MeV. 

In the continuing effort to weigh 
the electron neutrino, exciting new 
tritium beta decay results were 
presented. These discussions filled 
two sessions and were started by 
Lubimov presenting new ITEP 
(Moscow) data. Still using trit ium 
bound in valine, the group has re­
duced backgrounds and made a 
considerable effort to better under­
stand the spectrometer resolution. 
Many fits to the data over different 
energy intervals yielded results in 
agreement wi th previous work , 
though wi th a smaller electron neu­

trino mass range. The previous 
mass range of 9-46 eV was re­
duced, albeit wi th different as­
sumptions about molecular effects, 
to 17-40 eV, giving an even 
stronger indication of a non-zero 
neutrino mass. Lubimov's talk was 
fol lowed by a spirited discussion. 
Bergkvist, in a lively interchange 
with Lubimov, pointed out some 
possible subtle pitfalls. 

Petersen presented tritium data 
taken by the Zurich group working 
at the Swiss SIN Laboratory. The 
group has been working for over 
a year wi th a magnetic spectro­
meter, observing electrons f rom 
tritium bound in a thin carbon sub­
strate. Preliminary measurements 
indicate that the (electron) neutrino 
mass is less than 9 eV, but includ­
ing a generous estimate of system­
atic errors extends the limit to 
20 eV. 

Two other groups also reported 
new data. Wilkerson presented 
Los Alamos data using gaseous 
tritium whose decav electrons 
were analysed in a magnetic spec­

trometer. Resolution was some­
what uncertain but a conservative 
choice gives a neutrino mass limit 
of 43 eV. Kawakami presented 
Tokyo data, preferring not to quote 
a preliminary result, but a comfort­
able limit could be drawn at 50 eV. 

Several other groups expect to 
be taking data soon. Momentarily 
at least, the controversy surround­
ing the neutrino seems to be fo­
cused on the beta decay of tr i t ium, 
and the excitement of the chase 
pervaded the whole Moriond 
meeting. 

In his concluding remarks, Gary 
Steigman congratulated organizers 
Tran Thanh Van of Orsay and Orrin 
Fackler of the Lawrence Livermore 
Laboratory for a stimulating week 
of physics. 

The original lineup of detectors in the CERN 
SPS neutrino beam. Accelerator experiments 
show no evidence for transitions between 
different types of neutrinos (neutrino 
oscillations), although results from studies 
at nuclear reactors do not entirely agree. 

(Photo CERN 16.12.78) 
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A large-scale map of particle physics 

Guido Altarelli — on closer inspection the 
Standard Model does not even look like 
an ultimate theory. 

Most theorists will admit to 
being dissatisfied with the 
current 'textbook'picture of 
particle physics. Here Guido 
Altarelli explains why. 

The so-called 'Standard Model ' of 
particle interactions is a compre­
hensive and relatively simple way 
of describing the fundamental for­
ces of Nature. It consists of quan­
tum chromodynamics (QCD) — the 
theory of quarks and gluons inter­
acting through the 'colour' force, 
and the 'electroweak' unification 
of electromagnetism and the weak 
nuclear force. Add Einstein's clas­
sical theory of gravity to complete 
the picture. 

This Standard Model agrees wi th 
all the experimental information, 
and wi th the discovery of the W 
and Z carriers of the weak nuclear 
force at CERN in 1983, a chapter 
of physics closed. 

Despite all the euphoria, the ex­
perimental evidence for the Stand­
ard Model is not complete. Not 
only has the sixth ('top') quark yet 
to be firmly established, but at a 
more fundamental level the so-
called 'Higgs mechanism', which 
gives the weak force carriers their 
mass (see March issue, page 26) 
has not been tested at all. Even 
the widely-acclaimed electroweak 
sector has only been checked to 
within a few per cent, contrasting 
wi th the few parts per million pre­
cision of quantum electromagne­
t ism. 

On closer inspection, the Stand­
ard Model does not even look like 
an ultimate theory. Many questions 
emerge and a host of crucial prob­
lems appear. A large number of 
masses and coupling strengths 
have to be put in artificially. The 
pattern of masses and quantum 

numbers is full of intriguing 
features — the succession of three 
'generations' each containing t w o 
kinds of quark plus one kind of 
lepton is impressive and unex­
plained. The quantization of electric 
charge is not implied by any Stand­
ard Model principle (although it 
does lead to useful cancellations 
in the theory). 

Other features whose origins re­
main a mystery have to be f i t ted 
in. These include the violation of 
parity P (left-right symmetry) and 
charge conjugation C (particle-anti-
particle symmetry), some aspects 
of the combined CP violation in 
the neutral kaon system, the con­
servation of baryon number and 
of the three distinct types of lep-
tons (electron, muon and tauon), 
and the apparent masslessness of 
their associated neutrinos. 

These conservation laws are not 
protected by a theoretical principle, 
in contrast to the conservation of 
electric charge which is guaranteed 
by having a massless photon. They 
might turn out to be violated by 
some as yet unknown interactions. 

but which would be an integral 
part of a more complete theory. 

Another serious deficiency is 
the absence of any quantum pic­
ture of gravity. Although the force 
of gravity is extremely weak, it is 
still non-zero, so that as increasing 
energies probe deeper and deeper 
into matter, a level eventually 
should be reached where quantum 
gravitational effects should show 
up. This is the so-called 'Planck 
Mass' of about 1 0 1 9 GeV - ten 
million times the energy of the 
Fermilab Tevatron. 

The 'Grand Unified Theories' 
(GUT) which attempt to unify the 
colour force of quarks and gluons 
wi th the electroweak sector natu­
rally involve very high energies at 
which the strengths of the colour 
and electroweak forces become 
comparable. These energies are 
intriguingly close to the Planck 
mass. 

This enormous energy sets a 
new horizon for physics. Can the 
wor ld remain basically the same 
all the way f rom the Tevatron to 
the Planck mass (the 'desert scen-
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Physics monitor 

ario')? The so-called 'Hierarchy 
Problem' suggests it cannot. To 
have a single field theory spanning 
such a wide energy range brings 
up technical difficulties. 

These can be sidestepped by 
injecting new ideas, the chief cur­
rent contender being 'supersym-
metry ' , an elegant new classifica­
tion of particles (see January/Fe­
bruary 1983 issue, page 18). Su-
persymmetry is a vital ingredient 
of the 'str ing' models which have 
really caught on in recent months 
(see June 1985 issue, page 18), 
rating a two-page feature in 'T ime' 
magazine earlier this year. These 
models provide a very promising 
f ramework for unifying gravity and 
particle interactions. 

A number of clues hint that if 
the iteration of quark and lepton 
generations has not yet stopped 
at three, it should do so soon. 
However higher energies could 
well uncover the supersymmetric 
partners of these particles. To 
solve the hierarchy problem these 
new supersymmetric particles 
should be below a few thousand 
GeV. Other new physics could 
come f rom additional degrees of 
freedom (for example left-right 
symmetry, which could th row light 
on the origin of P and C symmetry 
violations), or f rom a deeper sub­
structure within quarks and lep-
tons. 

Despite the apparent impregna­
bility of the Standard Model so far, 
important new physics might be 
just over the horizon. 

Polarized 
macromolecules 

Interactions between protons and 
neutrons depend on the orientation 
of their intrinsic angular momentum 
(spin). Thus by lining up the spins 
of the particles (polarized targets 
and/or beams), increased informa­
tion can be extracted. 

Techniques for producing polar­
ized targets and beams have made 
great progress in recent years, and 
now provide a powerful additional 
physics tool . 

CERN's experience in producing 
polarized targets has found a new 
outlet in the study of biological 
macromolecules. Ingenious techni­
ques developed for handling the 
spins of nuclear targets have been 
applied to gigantic molecules 
containing hundreds of thousands 
or even millions of nucleons. 

The method is a direct extension 
of the dynamical nuclear polariza­
tion recipe developed at CERN. 
The specimen is dissolved in a 
mixture of heavy water and deuter-
ated alcohol (e.g. propanediol) and 
doped wi th a deuterated metallo-
organic complex. The nucleon 

spins, aligned by the combined 
action of a strong magnetic field 
(2.5 T) and microwave radiation 
(70 GHz), become 'frozen in' at 
temperatures of a fraction of a 
degree kelvin. In one hour, polari­
zations of up to 75 per cent have 
been achieved. 

Their spins lined up in this way, 
molecules of proteins, enzymes, 
polymers and bacteria have been 
studied using beams of polarized 
thermal neutrons. The research 
involves an unusual collaboration 
between CERN, the Institut Laue-
Langevin, Grenoble, the Max 
Planck Institute for Molecular Gene­
t ics, Berlin, the HASYLAB synchro­
tron radiation Laboratory at DESY, 
Hamburg, and the University of 
Mainz, under project leader Hein-
rich Stuhrmann. 

Using neutron beams at the Ger­
man GKSS research centre at 
Geesthacht, the results shed new 
light on the behaviour of these 
giant molecules and provide ano­
ther important example of particle 
physics techniques paying divi­
dends in another field of research. 

Applications can be foreseen in 
many areas of molecular biology 
and in the study of polymers, glas­
ses, metals, alloys, etc. 

At the heart of a new technique to study 
the structure of large molecules by lining 
up the spins of the component nucleons. 
The specimen is held in the small cryostat 
between the poles of the magnet. Right is 
the neutron beam used as a probe and left 
is the tube which picks up the scattered 
particles. 
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The 100 metre vacuum chamber of the 
CERN'/Dortmund'/Edinburgh/Orsay/Pisa 
/Siegen group studying neutral kaon decays. 
The neutral kaon might still have more 
surprises in store. 

(Photo CERN 288.6.84) 

Force apart? 

Electromagnetism, the weak nu­
clear force and the strong nuclear 
force, plus gravity, together cover 
all the conventionally known forces 
at work in Nature. Even after the 
tr iumph of the electroweak unifica­
t ion, which effectively reduced the 
number of fundamental forces f rom 
four to three, the dream of many 
physicists remains to unify them 
into one single picture. 

Since the time of Faraday in the 
middle of the 19th century, this 
goal has been elusive. While exci­
tement runs high that 'superstrings' 
(see June 1985 issue, page 185) 
could finally do the tr ick, there 
could yet be major obstacles to 
be overcome. Just as Faraday and 
Einstein's efforts at unification 
were handicapped by an incom­
plete knowledge of the forces at 
work , the present picture might 
still be incomplete. 

This has recently been suggested 
by a US (Brookhaven/Purdue/ 
Seattle) group, citing several clues. 
Firstly measurements of the 
strength of the gravity by geophy­
sical (satellite, geological, marine, 
etc.) experiments give values 
consistently higher than those 
measured in the laboratory. 

Secondly, the force of gravity 
should depend conventionally only 
on the mass and not the nature of 
a material, as Galileo demonstrated 
wi th the help of the leaning tower 
of Pisa. The classic (1922) studies 
by Eotvos using a precision torsion 
balance checked the uniformity of 
the gravitational pull on different 
materials to within a few parts per 
thousand million. However the idea 
now being put forward says that 
these tiny variations are in them­
selves significant. 

One way to allow for the appa­
rent variation of gravity is to intro­
duce an additional force dependent 
on hypercharge (the sum of baryon 
quantum number and the strange­
ness quantum number), a quantity 
which plays a role in the symmetry 
of strong interactions. The force 
would be brought about by the 
exchange of 'hyperphotons'. 

The US group has pointed to 
hints of subtle variations in the 
neutral kaon parameters measured 
in experiments running under dif­
ferent conditions and which could 
be due to such a force. 

Several t imes in the short history 

of particle physics the neutral 
kaons have been the scene of dra­
matic new discoveries which led 
to rapid reappraisals of current 
thinking. In 1956 it was realized 
that decays of the neutral kaons 
violated left-right symmetry and 
the hitherto sacred invariance of 
parity was overthrown. In 1964, 
the replacement symmetry of char­
ge conjugation and parity (parti-
cle/antiparticle and left/right) too 
toppled. 

Could it be that the neutral kaons 
hold the key to still more myste­
ries? 
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Around the Laboratories 

Construction work gets underway for the 
experimental area to house the DO detector 
for Fermilab's Tevatron proton-antiproton 
Collider. 

(Photo Fermilab) 

FERMILAB 
How do you DO? 

Late last year, the big CDF experi­
ment at Fermilab's new Tevatron 
proton-antiproton Collider recorded 
the first 800 GeV protons and 
antiprotons smashing into each 
other (see December 1985 issue, 
page 419). Physicists now look 
forward eagerly to the first data-
taking run later this year. 

Wait ing in the wings at Fermilab 
is another Tevatron Collider experi­
ment, named DO from its position 
in the 2 km diameter ring, which 
hopes to get its first taste of phy­
sics in 1988. 

The DO Detector has passed 
into its construction phase. De­
signed fol lowing initial experience 
f rom the CERN Collider experi­
ments, DO is the first second-gen­
eration hadron collider detector. 
Its primary aim is the precision 
study of high mass, large trans­
verse momentum phenomena wi th 
particular emphasis on measure­
ments of jets (clusters of produced 
particles), leptons (electrons and 
muons) and the 'missing' trans­
verse momentum indicative of 
penetrating particles. 

The detector design stresses 
high quality measurement of ener­
gy deposition (calorimetry) and 
fine segmentation. Electron and 
muon measurements are made 
over nearly the full solid angle wi th 
good identification. The detector 
has no central magnetic field in 
order to keep it compact and to 
optimize the depths of calorimeter 
and muon absorber. Transition 
radiation detectors embedded in 
the inner tracking volume help to 
discriminate between electrons 
and hadrons. 

The central feature is the excel­
lent calorimeter system. Extensive 
tests and studies over the past 
few months have resulted in de­
tailed decisions on the calorimeter 
design. After tests of uranium-
liquid argon prototype calorimeters 
in electron, pion and muon beams 
of 10 to 150 GeV the collaboration 
has confirmed its choice of uranium 
as the primary absorber material. 

Electrons and hadrons lose ener­
gy in different ways as they pass 
through material. Hadrons can pro­
duce low energy effects which go 
undetected, spoiling the energy 
measurement. To remedy this and 
bring the electron and hadron ener­
gy measurements back into line, 
the idea was put forward at CERN 
to use uranium absorber. This way 
the low energy particles would 
induce f ission, compensating for 
energy lost in the calorimeter. 

The test calorimeters were built 
using parallel plates of uranium 
and copper absorbers in various 
configurations. 

The major finding of the DO tests 
was the near equality of response 
to electrons (2 or 4 mm plates) 
and hadrons (4 or 8 mm plates) 
over the full energy range and inde­
pendent of the thickness of the 
uranium plates. This is important 
for minimizing the fluctuation in 
the observed energy of jets, whose 
particle content may fluctuate. 

The total depth required for the 
calorimeter was also studied. T w o 
independent studies lead to the 
conclusion that the DO calorimeter 
should have 7.5 absorption lengths 
at right angles to the beams, in­
creasing to 9 at small angles. This 
is a confirmation that the absorp­
t ion length for pions is about 15 
per cent longer than for nucleons. 
Even after traversing 7.5 absorp­
t ion lengths, a pion can still es­
cape. Such occurrences need to 
be minimized so that the resulting 
undetected energy does not con­
tribute significantly to the missing 
transverse momentum due to neu­
trinos or rare penetrating particles 
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and simulate new physics. 
The choice of high density uran­

ium for DO also leads to space 
savings through increased stopping 
power. (The absorption lengths 
for iron, copper, lead and uranium 
are 16.8, 1 5 . 1 , 17.1 and 10.5 cm 
respectively.) 

The DO design now contains a 
central quasi-cylindrical device and 
t w o endcaps covering angles down 
to about 1.5° to the beams. Three 
separate cryostats for liquid argon 
containment nest together and 
contain the modules of absorber 
plates. Electromagnetic (3 mm 
plates) and the first part of the 
hadronic modules (6 mm plates) 
use depleted uranium; the latter 
(leakage) sections have thicker 
copper plates. 

The designs of most other com­
ponent systems have also firmed 
up fol lowing extensive tests. Beam 
tests at CERN by a Saclay group 
have shown that transition radi­

ation detectors using lithium foils 
offer no appreciable advantage for 
the DO geometry. Good pion-elec-
tron differentiation was obtained. 

Tests of muon proportional drift 
tubes have demonstrated excellent 
precision and accuracy. An import­
ant finding was that 8 bit, 
100 MHz waveform digitization is 
sufficient to achieve 200 micron 
accuracy and efficient track reso­
lution at 2 mm separation without 
separate time digitizations. 

Construction of the transition 
radiation detector, muon propor­
tional drift tubes and the tracking 
chamber have all begun. 

Prototype DO electronics has 
now largely been tested and noise 
and stability were as expected and 
within specification. A small-scale 
test of the high level trigger and 
data acquisition system, based 
upon parallel MicroVAX-2 proces­
sor boards, was also successful. 
This system is now being fabri-

cated for use in further tests of 
prototypes and assembly lines of 
detector elements. 

The overall collaboration has 
grown to include about 115 phy­
sicists f rom 18 institutions (Berke­
ley, Brookhaven, Brown, Columbia, 
Fermilab, Florida State, Indiana, 
Maryland, Michigan State, New 
York, Northwestern, Pennsylvania, 
Rio de Janeiro, Rochester, Saclay, 
Stony Brook, Virginia Polytechnic 
and Yale). A support team from 
Fermilab's Accelerator Division 
will provide technical and coordi­
nating assistance. 

An especially important mile­
stone was the start of construction 
for the DO Experimental Area. 
Since the detector will sit in the 
DO long straight section needed 
for parts of the extraction system 
during fixed target running, it must 
roll in and out between the collision 
hall and the assembly area. 

By late summer assembly of 
major detector components and 
support systems should begin. 

Wi th the CDF team scheduled 
to take initial data later this year, 
the DO physicists are keen to fo l ­
low suit and bring their detector 
on-line as quickly as possible. 

Much of the instrumentation 
should be complete by mid-1988 
with a first checkout run in the fall. 
Completion of the calorimeter and 
full physics capability is expected 
by the middle of the fol lowing year. 

Cross-section of half the DO detector. The 
central barrel calorimeter (left) encloses the 
tracking system and the transition radiation 
detectors. The endcap (right) covers down 
to 1.5° to the colliding beams. Modules 
containing uranium plates pick up energy 
in the first section (5 absorption lengths) 
of the calorimeter, while 'leakage' sections 
using thicker copper plates extend the 
coverage to between 7.5 and 9 radiation 
lengths, ensuring that a maximum of 
hadronic energy is intercepted. 
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MEASUREMENT 
with a QM1 
in crack 
propagation 
J.L. Humason, Technical 
Specialist, in his laboratory 
at Battelle Northwest, 
monitoring a fatigue crack 
propagation experiment with 
a QM1 system which includes, 
on 3 axes, video camera and 
recorder, 35mm SLR and 
digital filar eyepiece. 

Recently we had the privilege of visiting some 
of our customers with a view to observing 
the ways in which they use our various 
special systems. At Battelle Northwest we 
visited with Jack Humason who was using a 
Questar optical measuring system in his crack 
propagation studies. 

With the QM 1 system precise crack length 
measurements can be made to establish crack 
length divided by crack opening displacement 
gage factors. The QM 1 with a video system 
displayed a magnified image of the crack on 
a monitor while a VCR recorded the entire 
test. Tests were conducted at increasing 
constant load intervals, thereby providing 
the crack growth rate measurements to be 
made for each stress intensity level. 

The Questar image clearly showed the notch 
and the two mm precracks in the metal 
sample. The crack progressed across the 
sample as the stress was increased. At the 
higher stress intensities plastic deformation 

occurred at the crack tip. The increasing size 
of the plastically deformed region was clearly 
observed with the QM 1. 

The Questar QM 1 system was also used 
to monitor the movement of a LUDER'S 
band migrating the length of an iron tensile 
specimen. 

And so, for the first time, as a result of 
the depth of field and resolution of the 
Questar optics, it was possible to see and 
record in real time crack features and surface 
topography in detail. Tests of this kind, 
whether in polymers, metals or composites, 
can be viewed and taped for future study 
with a Questar system. 

In many other applications complete 
systems are supplying the solution to difficult 
questions of procedure, often defining areas 
that previously could not be seen with any 
instrument. We welcome the opportunity to 
discuss the hard ones with you. Call on u s -
we solve problems. 

QUESTAR 
P.O. BOX 59, DEPT. K9, NEW HOPE, PA 18938 • (215) 862-5277 
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On 6 March, the German DESY Laboratory 
at Hamburg celebrated the completion of 
the Cryogenics Hall (left) and the 
Measurement Hall (right) for the new HERA 
electron-proton collider now under 
construction. The celebration also coincided 
with the completion of the first quadrant 
of the 6.3 kilometre HERA tunnel. 

(Photo DESY) 

DESY 
International 
participation 

The HERA electron-proton collider 
now under construction at the Ger­
man DESY Laboratory in Hamburg 
has a distinct international flavour 
wi th some 15 per cent of the in­
vestment coming f rom outside 
Germany. 

Last year an agreement was 
signed between the Italian National 
Institute for Nuclear Physics (INFN) 
and DESY under which INFN will 
contribute to HERA construct ion, 
supplying half the superconducting 
magnets for the 6.3 kilometre pro­
ton ring. INFN has placed the nec­
essary contracts wi th Italian f irms 

Ansaldo, La Metalli Industrial! and 
Zanon. 

Italian physicists are also the 
major foreign contingent in the 
teams for experiments being pro­
posed for HERA. 

From Canada, the TRIUMF Lab­
oratory in Vancouver is supplying 
beam transport elements while the 
Chalk River Laboratory will provide 
high frequency equipment for the 
PETRA ring, now an electron-posi­
tron collider but to be transformed 
into the HERA injector. 

Warsaw and Cracow in Poland 
are supplying components for the 
HERA electron ring vacuum sys­
tem, and the Swiss SIN Laboratory 
is developing the liquid helium dis­
tribution line. 

From the Netherlands, NIKHEF, 
Amsterdam, is providing supercon­
ducting correction coils to be 

mounted in the proton ring, while 
the French Saclay Laboratory is 
furnishing superconducting quadru-
poles. 

Under an agreement signed last 
year, the US Brookhaven Labora­
tory will assist in HERA cryogenics 
and in the quality control of the 
superconducting magnets. 

Britain will assist wi th the radio-
frequency for HERA itself and for 
the proton injector, while Oxford 
will assist wi th the injector linac. 

The Weizmann Institute, Israel, 
is developing current carriers for 
the superconducting magnets. 

Chinese physicists and engineers 
also help make up the HERA team. 
International participation could be 
even higher by the time the first 
colliding beams are achieved, 
scheduled for the beginning of 
1990. 
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Schematic design of the Continuous Electron 
Beam Accelerator Facility, CEBAF, proposed 
for construction in the US for nuclear 
physics research. A new design involves 
recirculation through two 0.5 GeV sections 
of superconducting linear accelerator. 

EXTRACTED BEAM 
TO END STATIONS 

US nuclear physics: 
Some like it cold 

A new US nuclear physics research 
tool will soon make its appearance. 
It is the Continuous Electron Beam 
Accelerator Facility, CEBAF, pro­
posed for construction by the South­
ern Universities Research Asso­
ciation, SURA, at Newport News 
in Virginia. The latest plans aim 
for a superconducting linear accel­
erator which could be the first 
machine to use superconducting 
radiofrequency accelerating cavities 
on a large scale. 

The potential of high energy 
electron beams wi th a high duty 

cycle to provide some unique in­
sights into nuclear properties has 
been recognized for many years. 
Such a machine was given top 
priority in a 'Long range plan' for 
US nuclear physics prepared in 
1983. Electrons of a few GeV are 
an ideal probe of the quark nature 
of the nucleus. They can penetrate 
deep into nuclei and their interac­
tions wi th the nucleus should be 
relatively clean. 

A t the University of Virginia, 
James McCarthy was amongst the 
first to push for an electron machi­
ne and he initiated the creation of 
SURA in 1980 as an overseeing 
organization. The first proposal 
f rom SURA went to the US Depart-

• ment of Energy (DOE) at the end 

of that year. 
This proposal, which of course 

had subsequent refinements, 
consisted of a 2 GeV electron linac 
wi th a recirculating loop to reach 
a peak energy of 4 GeV. Pulses 
f rom the linac were fed to a pulse 
stretcher ring f rom which conti­
nuous beam could be drawn. The 
design figure for the average cur­
rent was 2 0 0 microamps. A t this 
stage the proposal was known as 
NEAL (National Electron Accelera­
tor Laboratory) but the name evolv­
ed to CEBAF when the proposal 
retained the attention of DOE from 
1983. 

Last Spring Herman Grunder, 
who had been prominent in the 
heavy ion accelerator work at Ber-
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Two linked superconducting accelerating 
cavities, each of five cells, developed in a 
Cornell(/CEBAF collaboration. It is the 
successful operation of a series of 
prototypes of this type, to performance 
levels beyond the linac specifications, that 
has given confidence in the superconducting 
option for CEBAF. 

(Photo CEBAF) 

keley, became Director of CEBAF 
wi th a first mission to re-examine 
the proposal to see whether appro­
priate technological developments 
could be incorporated into the 
scheme. In particular, supercon­
ducting radiofrequency technology 
had moved ahead rapidly and could 
pay important dividends. 

The advantages of superconduct­
ing cavities over conventional cop­
per cavities have been evident for 
a long t ime. The very small heating 
losses in superconducting cavities 
allow operation in a continuous 
rather than a pulsed mode. The 
accelerating gradients are high­
er and the beam quality can be 
greatly improved. The operating 
costs are lower, even allowing for 
the cryogenic system to maintain 
superconducting temperatures. 

However, realizing these advan­
tages has not been easy. There 
was pioneering work in centres 
such as Stanford (University) and 
Cornell in the US, and in DESY, 
Karlsruhe and Wuppertal in Germa­
ny. Addit ion impetus came wi th 
the advent of CERN'S LEP electron-
positron collider, where energies 
much beyond the initial phase of 
50 GeV per beam require super­
conducting cavities. European 
achievements have considerably 

boosted wor ld confidence in this 
technology, leading to decisions 
to incorporate cryogenic cavities 
in projects at the Darmstadt and 
DESY Laboratories in Germany 
and at KEK in Japan, as well as at 
CERN. The CEBAF decision to go 
superconducting was also influ­
enced by the progress in Europe. 

The CEBAF design has been 
revamped to incorporate a super­
conducting linear accelerator. The 
linac wil l be in t w o sections, each 
capable of giving 0.5 GeV to the 
electrons. To achieve the design 
energy of 4 GeV the beam has to 
be recirculated four t imes through 
the linac and recirculating arcs 
are therefore needed at each end 
of the linac sections wi th different 
strength magnets to bend the dif­
ferent energy beams back into the 
next section. Beam spreaders at 
the linac exits split the beams ver­
tically so that they enter the appro­
priate arc and a recombiner at the 
end of the arcs pulls the beams 
back onto the linac axis. 

Wi th superconducting linacs 
there is no longer any need for a 
pulse stretcher ring to provide 
continuous beam. Another useful 
feature is that at any one time elec­
trons of different energies are mov­
ing through the linac and at the 

exit of the second section they 
can be drawn off to the experimen­
tal hall at energies of 1, 2 , 3 or 
4 GeV (any three energies being 
available simultaneously). 

In the t w o sections there wil l be 
a total of 50 cryostats containing 
4 0 0 superconducting cavities, each 
0.5 m long, operating at 1500 
MHz. The cavity design has been 
developed at Cornell where proto­
types have all exceeded the design 
specification of an accelerating 
gradient of 5 MeV per metre wi th 
a quality factor Q of 3 x 10 9 . 
Contacts wi th American and Euro­
pean industry for the manufacture 
of superconducting cavities are 
well advanced and the first cavities 
f rom industry are scheduled for 
test in the very near future. 

It is hoped that construction of 
CEBAF wil l begin in Fiscal Year 
1987 to produce first beams five 
years later. The cost estimate is 
$ 236 million. The DOE has encour­
aged the superconducting version 
and it is clear that, in addition to 
responding to the demands of the 
nuclear physics community for high 
energy continuous electron beams, 
the new design will provide an 
exciting technological challenge 
for the accelerator physicists. 
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At the Kernfysisch Versneller Instituut (KVI) 
in Groningen (Netherlands), H. de Waard, 
chairman of the Dutch FOM foundation for 
fundamental research on matter, signs an 
agreement between FOM and the French 
Institut National de Physique Nucleaire et 
de Physique des Particules (IN2P3) to build 
a superconducting cyclotron at Orsay for 
eventual installation at KVI. Looking on in 
the foreground is IN2P3 director P. 
Lehmann. 

(Photo Nieuwsblad van het Noorden, 
Groningen) 

GRONINGEN/ORSAY 
Superconducting 
collaboration 
Last December a contract between 
the French Institut National de Phy­
sique Nucleaire et de Physique des 
Particules (IN2P3) and the Dutch 
FOM foundation for fundamental 
research on matter was signed in 
a ceremony at the Kernfysisch 
Versneller Instituut (KVI) in Gronin­
gen in the presence of the repre­
sentative of the Dutch Minister of 
Science and Education and of the 
French Ambassador to the Nether­
lands. 

The agreement covers a colla­
boration between the Institut de 
Physique Nucleaire (IPN) in Orsay 
and KVI in Groningen in the design 
and construction of a superconduct­
ing cyclotron. While the capital 
funds required for the new machine 
will be furnished by the Dutch Go­
vernment, the major part of the 
manpower needed to build it wil l 
be supplied by the French partner. 
The cyclotron will be built and test­

ed in Orsay and subsequently 
(1991) installed at KVI replacing 
the present k = 160 MeV cyclo­
tron. The accelerator wil l be jointly 
exploited wi th approximately 20 
per cent of the beam time allocated 
to the French partner. 

Called AGOR (Accelerateur Gro­
ningen ORsay), the new machine, 
based on an Orsay design, is a k 
= 600 MeV compact variable ener­
gy fixed frequency cyclotron wi th 
superconducting coils that will be 
capable of accelerating both light 
and heavy ions: protons to 
200 MeV, deuterons to 190 MeV, 
and totally stripped heavy ions to 
95 MeV/u . Moreover, it will be 
possible also to accelerate very 
heavy nuclei, and beams of polar­
ized protons and deuterons will 
be available wi th an external 
source. 

The scientific interest in AGOR 
is in the very broad range of parti­
cles it can accelerate and the wide 
energy range it covers. The inter­
national collaboration, at present 
restricted to France and the Nether­
lands, offers exciting new pros­
pects. 

TRIUMF 
KAON factory 
proposal 
The TRIUMF Laboratory at Van­
couver in Canada has been oper­
ating a 500 MeV negative ion cy­
clotron since 1974 mainly for nu­
clear physics experiments. Toge­
ther wi th the LAMPF proton linac 
at Los Alamos and the SIN cyclo­
tron in Zurich, it is one of the 
wor ld 's 'meson factories' , produ­
cing, in particular, exceptionally 
intense beams of pions. 

In response to today's physics 
challenges, the TRIUMF staff (like 
those at LAMPF and SIN) have 
been studying a major improve­
ment of their research facilities. 
All three centres are looking to ­
wards much more intense beams 
of hadrons. The Canadian proposal 
is for a KAON Factory, 'KAON' 
being an acronym for Kaon, Ant i -
proton, Other hadron and Neutrino. 

For nuclear physics, the aim is 
to have a variety of beams wi th 
energies ranging f rom several hun­
dred MeV to a few GeV (the ideal 
range for studying most nuclear 
phenomena). Thus the nucleus 
could be studied wi th a variety of 
probes - pions, nucleons, kaons 
and hyperons. Despite the modest 
energies, the bigger part of the 
research programme at the KAON 
Factory could be for particle phy­
sics as the very high intensities 
would allow precision measure­
ments. Thus the KAON Factory 
could have much to say in neutrino 
physics, in particle spectroscopy 
and especially concerning particle 
symmetry principles via the study 
of rare decays. 

The accelerator scheme aims to 
provide a 100 microamp proton 
beam (6 x 1 0 1 4 protons per sec-
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Layout of the proposed 'KAON' Factory at 
the Canadian TRIUMF Laboratory. The 
existing cyclotron would feed a 3 GeV fast 
cycling booster which in turn would feed 
the high intensity 30 GeV proton 
synchrotron built in an underground tunnel. 
The major visible sign of the new project 
would be the large experimental hall to 
receive the intense hadron beams. 

ond) at 30 GeV; for comparison, 
the presently operating proton 
synchrotrons around that energy 
have intensities about f ifty t imes 
lower. The scheme starts by using 
the existing cyclotron as a negative 
hydrogen ion injector into an accu­
mulator ring where the ions are 
stripped to protons. Accumulation 
over 20 ms precedes transfer to 
a fast cycling (50 Hz) booster syn­
chrotron, located in the same tun­
nel as the accumulator wi th a ring 
radius of 35 m, which accelerates 
the particles to 3 GeV. 

The protons then pass to a col­
lector ring which receives five 
pulses f rom the booster before 
transferring the beam to a 30 GeV 
synchrotron (10 Hz). Finally an 
extender ring receives the 30 GeV 
particles for s low resonant extrac­
t ion. Collector, synchrotron and 
extender rings are in the same 
underground tunnel wi th a ring 
radius of 170 m. Obviously wi th 
such intense beams, many aspects 
of machine operation and compo­
nent design are influenced by the 
need to keep beam losses down 
so as to have tolerable radiation 
levels. 

A large experimental hall, 120 m 
x 75 m, would receive both slow 
and fast extracted beams. In addi­
t ion there would be a conventional 
neutrino beam. 

The cost estimates (1985 prices) 
are 260 million Canadian dollars 
for machine components and ser­
vices and 80 million for construc­
t ion. Experimental area facilities 
for some 66 million would be 
covered by the present level of 
contributions f rom the National 

Sketch of the TRIUMF site as it would 
appear after construction of the proposed 
KAON factory. The large experimental hall 
is in the foreground. The undergroud 
synchrotron tunnel runs around the existing 
laboratory buildings. 
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The EPOS spectrometer at the German GSI 
Laboratory at Darmstadt has seen 
unexplained electron-positron signals in 
heavy nucleus collisions using the UNI LAC 
linear accelerator. 

(Photo GSI) 

Research Council of Canada. The 
construction schedule is planned 
to cover six years for the acceler­
ator systems plus an additional 
year for the experimental facilities 
which can be built up while the 
machine is being commissioned. 
The proposal has now been put 
before the Canadian Government. 

DARMSTADT 
What is it? 
For several years, experiments 
studying heavy nucleus collisions 
using the UNILAC machine at 
Darmstadt (GSI) have been seeing 
unexplained narrow peaks in the 

spectra of the emitted positrons. 
The intensity and sharpness of 

these peaks are too high to be 
accounted for by conventional 
nuclear processes. The position 
of the positron peak moreover 
changed little wi th the type of nu­
clear beam or target (uranium, tho­
rium, etc). This points to these 
peaks having a common origin, 
such as a neutral particle decaying 
into an electron-positron pair. 

To check this out, experimenters 
embarked on a search for electrons 
and positrons diverging from a 
common point of formation, wi th 
the EPOS spectrometer used in 
the positron studies modified to 
pick up coincident electrons. 

Electron-positron coincidence 
events show an electron peak simi­

lar to the positron signal, at an 
energy of 375 keV and wi th a 
width of 75 keV. 

The effect is difficult to explain 
through internal pair conversion of 
gamma rays. Detailed analysis 
(correlated cancellation of Doppler 
shifts) suggests that the particles 
emerge back-to-back f rom a com­
mon slowly moving origin in the 
superheavy nuclear system pro­
duced in the collision. 

Joint US-CERN 
Accelerator 
School 

The 2nd Joint US-CERN 
School on Particle Accelera­
tors is arranged for 23-29 
October in South Padre Is­
land, Texas, with the topic 
^Frontiers of Particle Beams'. 
The course should be of inter­
est to both accelerator phy­
sics beginners and experi­
enced workers. Further infor­
mation from either the US 
Particle Accelerator School, 
c/o Marilyn Paul, Fermilab 
MS 125, PO Box 500, Bata-
via, Illinois 60510, USA, or 
Suzanne von Wartburg, CERN 
Accelerator School, LEP Divi­
sion, 1211 Geneva 23, Swit­
zerland. 

The first Joint US-CERN 
Accelerator School was held 
last year in Sardinia on the 
topic of Nonlinear Dynamics 
(see May 1985 issue, page 
140). These regular joint 
schools supplement the sep­
arate programmes organized 
by the CERN and US Schools. 
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endoscopes flexibles a fibres 
de verre, 
endoscopes rigides. 

Demandez notre documentation. 

1^3 TECHNOKONTROLLAG 
I 8049 Zurich, lmbisbuhlstr.144 Telefon 01 56 56 33 

r—LeCroy—^ 
Join the action! 

We are a division of a multinational company, a worldwide 
leader in state of the art electronic instrumentation for physics, 
chemistry and industrial laboratory application. 
Our company, established in Geneva since 1972, is specializ­
ing in designing, manufacturing and marketing very high per­
formance portable digital oscilloscopes. 
Our growth is substantial and regularly creates challenging 
new openings for people with strong interests in high techno­
logy, a dynamic environment and teamwork. 
If you are willing to accept a new challenge and believe that 
you could qualify for one of the below-mentioned openings, 
please send us your complete, handwritten, application to the 
attention of «Personnel Department)). 

Research + development 
• Senior software engineer 

- EPFL or equivalent, at least 8 years of experience in 
real -time systems 

- knowledge of UNIX, C programming language and 
68000 would be a great asset 

• Digital design engineer 
- EPFL, ETS or equivalent, 5 years of design experience 

in digital processors 
- interest in monolithic implementation (gate array) 

• Power supply design engineer 
- ETS or equivalent in electronics or electrical engineering 
- several years of design experience in power circuits 

• Packaging engineer 
- ETS or equivalent in mechanical engineering 
- several years of experience in the design of instrument 

enclosures 

Marketing + sales 
• Product manager - Digital oscilloscopes 

- MSc/EPFL/ETH or equivalent level, preferably trained in 
business administration, minimum 5 years of exper­
ience in sales and/or marketing management in test 
and measurement equipment 

- fluent in English 

• Technical writer 
- BSc/ETS or equivalent level, with minimum 5 years 

experience in electronic engineering 
- ability to write in (American) English, preferably 3 years 

experience in writing technical documents, plus work­
ing knowledge of French 

• Sales engineer, with managerial qualities 
- BSc/ETS or equivalent level to start up LeCroy's sales 

office in North-East Switzerland 
- minimum 5 years experience in sales, preferably sales 

management of test and measurement equipment; 
fluent in (Swiss) German, working knowledge of French 
and English 

Join the action 
now! 

Le Croy SA 
1 0 1 , route du Nant-d'Avril 

1217 MEYRIN 1 
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ROTAMETRES 
pour faible debit gaz 

et liquide 

• en diverses executions 
• avec contact d'alarme 
• avec sortie electrique 

0/4 - 20 mA 

Demandez la documentation ! 

ZIMMERLI MESSTECHNIK AG h 
Schlossgasse 10 4125 Riehen 
f 061-67 54 54 Telex 65 135 

ORGANISATION EUROPEENNE 
POUR LA RECHERCHE NUCLEAIRE 

EUROPEAN ORGANIZATION 
FOR NUCLEAR RESEARCH 

FOR SALE 

160 LEAD GLASS BLOCKS (SF5) 
15 x 15 x 35 cm 3 

each viewed by a 5 " XP2050 photomulti-
plier tube glued on the back face. The 
blocks are assembled by sets of 20 (2 x 
10) in light-tight iron frames. 

Send offers t o : 

Mme Mireille PROST 
UA2 experiment 

CERN - 1211 Geneva 23 
Switzerland 

COM COURIER 

A unique advertising medium for 
scientific and technical equipment 

CERN COURIER is the internationally recognized 
news magazine of high energy physics. Distributed 
to all the major Laboratories of the wor ld active 
in this dynamic field of fundamental research, it is 
compulsive reading for scientists, engineers, ad­
ministrators, information media and buyers. Writ ten 
in simple language and published simultaneously 
in English and French it has become the natural 
communicat ion medium for particle physicists in 
Europe, the USA, the Soviet Union, Japan — every­
where where the fundamental nature of matter is 
studied. 

Published from CERN, Switzerland, it also has 
correspondents in the Laboratories of Argonne, 
Berkeley, Brookhaven, Cornell, Fermi, Los Alamos 
and Stanford in the USA, Darmstadt, DESY and 
Karlsruhe in Germany, Orsay and Saclay in France, 
Frascati in Italy, Daresbury and Rutherford in the 
U.K., SIN in Switzerland, Dubna and Novosibirsk 
in theUSSR, KEKinJapan, TRIUMF in Canada and 
Peking in China. 

The annual expenditure on high energy physics 
in Europe is about 1000 million Swiss francs. 
The expenditure in the USA is about $ 400 million. 
There is similar expenditure in the Soviet Union 

CERN COURIER is the way into all high energy 
physics research Laboratories. If you have a 
market in this field, there is no surer way to make 
your products known than by advertising in CERN 
COURIER. 

All enquiries to: 
Advertising Manager 
Micheline Falciola 
CERN COURIER 
CERN 
CH - 1211 GENEVA 23 
Tel. (022) 83 41 03 
Telex 236 98 
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People and things 

Meetings 

A Summer Study to be held in 
Snowmass, Colorado, from 
23 June to 11 July will allow the 
US particle physics community to 
critically evaluate all aspects of the 
proposed US Superconducting 
Super Collider (SSC) in the light of 
conceptual design, progress in 
accelerator technology, new devel­
opments in collider physics, and 
innovations in instrumentation. 
Further information from Joanne 
Day, Argonne National Laboratory, 
Building 362, Argonne, IL 60439, 
USA. 

Organized jointly by the European 
Committee for Future Accelerators 
(ECFA) and the Rheinisch-Westfa-
lische Technische Hochschule in 
Aachen, a 'LEP 200' Workshop 
is being arranged from 29 Septem­
ber to 1 October to work out the 
physics objectives and experiment­
al requirements for running LEP at 
around 100 GeV per beam. Further 
information from Workshop LEP 
200, III. Physikalisches Institut 
RWTH Aachen, Physikzentrum, 
Sommerfeldstrasse, 
D-5100 Aachen, West Germany. 

A four-day practical course on 
microelectronics is being hosted 
by CERN and the International 
School of Geneva from 18-21 

UK Under-Secretary for Education and 
Science George Walden (right) confers with 
Bill Mitchell, Chairman of the UK Science 
and Engineering Research Council, at the 
CERN Council meeting where the UK's 
resolution to set up a CERN Review Group 
was adopted. 

(Photo CERN 311.2. 86) 

CERN 
Review Group 
In the context of continued 
limitations in the amount of 
funding available for non-
defence research in the UK, 
last year the 'Kendrew Com­
mittee' published its conclu­
sions on Britain's future in­
volvement in CERN. 

After generally praising 
CERN's work and achieve­
ments, the report ended 
abruptly with the view that 
Britain's continued member­
ship of CERN after 1989 was 
only possible at significantly 
lower cost (see November 
1985 issue, page 375). 

The UK government felt 
compelled to act, however 
under the CERN Convention, 
which has the status of a 
treaty, the fourteen Member 
States are not free to fix their 
own contributions. Further 
action can come only from 
the governing body of CERN, 
its Council. Thus after con­

tacting other Member States 
the UK asked for a special 
Council session to be con­
vened in February. 

The UK proposed that a 
Review Group, composed of 
about half a dozen eminent 
people, should be set up to 
look at the way CERN runs 
and into the possible conse­
quences of applying a range 
of alternative measures. This 
Group would complete its 
work this year and report 
back to CERN Council. 

In the traditional CERN spirit 
of conciliation between Mem­
ber States, a consensus reso­
lution was unanimously 
adopted by the Council. Many 
delegates welcomed the set­
ting up of such a review, and 
stressed that its aim should 
be to ensure the continued 
vitality of the Organization. 
However they warned against 
the dangers of trying to 
achieve 'unrealistic' savings 
which would prejudice 
CERN's future. 
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A Superconducting correction magnets for 
the HERA electron-proton collider at DESY 
will be built by Dutch industry. At the 
signing of the official agreement, Director 
of the Research Organization Division of 
the Dutch Ministry of Education and Science 
C.H. van Alderwegen (right) shakes hands 
with DESY Director Volker Soergel. Between 
them is General Director of Industry and 
Regional Policy of the Dutch Ministry of 

Economic Affairs H. Leliveld, while Bjorn 
Wiik, project leader of the HERA 
superconducting proton ring, looks on. 

(Photo DESY) 

1966 — first steps towards building the 
Intersecting Storage Rings. 

June. It is aimed at teachers wish­
ing to update their knowledge of 
this rapidly advancing field. Further 
details from P. J. Hayman, Depart­
ment of Physics, University of Liv­
erpool, Oxford Street, PO Box 147, 
Liverpool L69 3BX, UK. 

Twenty years ago 
Bulldozers moved in to start 
excavations for the Intersect­
ing Storage Rings at CERN. 
At the Proton Synchrotron 
the new idea of slow cycling 
synchrotrons in injection sys­
tems was under study as 
part of the machine improve­
ment programme. Links be­
tween CERN and Serpukhov 
were being strengthened with 
a view to obtain access to 
the Soviet 76 GeV proton 
synchrotron, then at an ad­
vanced stage of construction, 
for European experimental­
ists. 

In the US the Atomic Ener­
gy Commission was ponder­
ing a site report from the 
National Academy of 
Sciences for what was then 
known as the 200 GeV accel­
erator. At the same time, it 
had asked the Berkeley de­
sign team to go back to the 
drawing board to see if it 
could chip costs down from 
the estimate of $ 348 million. 
The AEC did liberate money 
for the start of design work 
on a 'meson factory' at Los 
Alamos where an 800 MeV, 
1 mA proton linac was alrea­
dy mooted. 
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KERNFYSISCH VERSNELLER INSTITUUT 
GRONINGEN 
THE NETHERLANDS 

STAFF POSITION 
in 

EXPERIMENTAL NUCLEAR PHYSICS 
The KVI wishes to appoint a young experimental nuclear physicist on a tenured 
staff position. The appointment will be with FOM, the Netherlands Foundation for 
Fundamental Research on Matter. 

The Kernfysisch Versneller Instituut is a national research institute in nuclear 
physics, jointly sponsored by the University of Groningen and by FOM. It has a 
broad experimental and theoretical research program on nuclear structure and 
heavy-ion physics. 

At present the main facility of the KVI is a K=160 MeV AVF-cyclotron for the 
acceleration of light and heavy ions. A large variety of detectors such as a 
magnetic spectrograph and various systems for the detection of light and heavy 
ions, electrons and -radiation is available. Recently funds have been made avail­
able for the design and construction of a K=600 MeV superconducting cyclotron 
for light and heavy ions. The machine which will be built in Orsay in close col­
laboration with the Institut de Physique Nucleaire, will replace the present K=160 
MeV cyclotron at the KVI in 1991. 

The successful candidate should be interested in the research that can be per­
formed with the existing and future facility, and should also be willing to take on 
responsibilities for new instrumental developments. Several years of post-doctoral 
experience are required. 

Applicants for the above-mentioned position are requested to submit a curriculum 
vitae, list of publications and the names and addresses of three references, as 
early as possible but not later than May 15,1986, to: 

Prof. Dr. R. H. Siemssen 
Kernfysisch Versneller Instituut 
Zernikelaan 25 
9747 AA GRONINGEN 
The Netherlands 

European Laboratory for Particle Physics 
Laboratoire European pour la Physique des Particules 

European Organization for Nuclear Research 
Organisation Europeenne pour la Recherche Nucleaire 

CERN, the European Organization for Nuclear Research, 
located near Geneva, Switzerland, has a vacancy for a 

Senior scientific 
information officer 

Candidates should have a PhD in Physics or in a related field, a 
completed higher education in librarianship and experience in 
the management of a library or information centre. They 
should be familiar with modern library techniques. Very good 
knowledge of English and French is required. 

The incumbent will take an active part in all questions related 
to scientific information, library services and scientific publi­
cations of CERN. He will maintain contact with relevant profes­
sional bodies and other libraries and information centres 
working in the same field. 

For application forms, please write to: 

Head of Personnel, 
CERN, 
CH-1211 Geneva 23, 
Switzerland, 

quoting the reference TH-SIS. 

Accelerator 
Physicists 

The MIT-Bates Laboratory is seeking to fill two positions in the 
accelerator systems division, including the position of Accelerator 
Systems Division Head. The Bates facility operates an electron 
linear accelerator-recirculator system which produces high current 
beams with maximum energy of 750 MeV and 1 % duty factor. The 
facility serves the national community in basic nuclear physics 
research with intermediate energy electromagnetic probes. Projects 
to increase the maximum beam energy to 1 GeV and to develop a 
polarized beam capability are in progress. A proposal for construction 
of a pulse stretcher ring, the primary goal being an increase in duty 
factor to nearly 100%, has been submitted to the Department 
of Energy. 

For both positions, the Ph.D. degree in Physics or Engineering and a 
command of beam optics, rf systems and control instrumentation are 
desirable. The successful candidates will be expected to take part in 
development of the accelerator system, in the establishment of 
operational protocols, and in advanced accelerator R & D . The head of 
accelerator systems wil l assume overall responsibility for operations 
and is expected to participate actively in planning and development. 

These positions offer qualified candidates the opportunity to 
progress along M.l.T.'s research ladder with associated benefits 
and privileges. Senior candidates may be eligible for an academic 
appointment with the M.l.T. Physics Department. Please submit a 
current curriculum vitae and a list of publications along with three 
references to: Mr. Richard Adams, Laboratory for Nuclear Science, 
M.l.T. 26-505, Cambridge, MA,02139, U.S.A. 

MIT is an Affirmative Action/ 
Equal Opportunity Employer. 
Applications from minorities 
and women are encouraged. MIT 

UNIVERSITY OF TORONTO 
Department of Physics 

The Department of Physics plans to make several 
tenure-stream appointments in the next few 
years, of which at least one wil l be in Experimen­
tal High Energy Physics and another in Experi­
mental Laser Physics. 

In anticipation, the Department invites applica­
tions for each of these positions from qualified 
candidates for NSERC University Research Fel­
lowships, both of which could begin July 1, 1 987. 
NSERC University Research Fellows must be 
Canadian citizens or permanent residents. Fel­
lows carry out research, supervise graduate stud­
ents and have teaching loads comparable to 
starting assistant professors. 

Successful candidates may in special circumstan­
ces be considered directly for a tenure-stream 
position as assistant professor. 

Applications, consisting of a CV, list of publica­
tions, summary of research interests, a detailed 
research proposal, and the names of three (3) 
referees should be sent before July 1 ,1986 t o ; 

Professor R. E. Azuma, 
Chairman, 
Department of Physics, 
University of Toronto, 
Toronto, Ontario, 
Canada M 5 S 1A7. 

CERN Courier, April 1986 27 



INDIAN* UNIVERSITY 
CYCLOTRON FACILITY (IUCF) 

ACCELERATOR 
SCIENTIST 

Applications are invited for an experienced Accelerator Scientist to initiate, 
supervise, and participate in research and development for state-of-the-art accel­
erator and research instrumentation for intermediate energy nuclear physics. The 
position also offers the possibility of participating in the development of graduate 
level courses in the area of accelerator physics and instrumentation to be taught 
in the Physics Department of Indiana University. A Ph.D. in Physics or Accelerator 
Physics and considerable experience in the design and construction of acceler­
ators and/or research instrumentation is required. 

IUCF presently consists of a complex of two alternate 600-keV ion source termin­
als followed in sequence by two separated-sector cyclotrons which accelerate 
light ions to a maximum energy of 200 q 2 /A MeV. In addition, the laboratory is 
now engaged in a major facility upgrade consisting of the construction of a stor­
age ring which will have the capability both of synchrotron acceleration and 
electron cooling of the stored beams. There will also be an active program in 
design and construction of research instrumentation for research with the existing 
accelerators and with the cooled beams, as well as in planning for future acceler­
ator upgrades. 

This is a continuing full-time position funded by the office of the Dean of Research 
and Graduate Development, Indiana University. The salary will be competitive and 
is dependent upon training and experience. For a truly exceptional candidate, the 
possibility of an academic faculty appointment may also be explored. 

Send resume and names of three references by June 30,1986 to: 

P. P. S ingh, Co-Director 
Indiana University Cyclotron Facility 
2 4 0 1 Mi lo B. Sampson Lane 
Bloomington, IN 4 7 4 0 5 , U S A ( 8 1 2 ) 3 3 5 - 9 3 6 5 

Indiana University is an Affirmative Action/Equal Opportunity Employer. 

The Max-Planck-lnstitut fur Physik und Astro-

physik, Munich, is offering the position for a 

Ph. D. Physicist 
w i t h e x p e r i e n c e in 

l o w t e m p e r a t u r e phys ics 
We are looking for an experimental physi­
cist with experience in low temperature 
physics to participate in the development 
of solar neutrino and dark matter detec­
tors. 
The appointment will be for three years 
with a possibility of extension. 
Applications (including curriculum vitae, 
list of publications and the names of two 
referees) should be sent as soon as pos­
sible to 

Prof . IM. S c h m i t z 
M a x - P l a n c k - l n s t i t u t 
f u r P h y s i k u n d A s t r o p h y s i k 
F o h r i n g e r R ing 6 
D - 8 0 0 0 M u n c h e n 4 0 
F e d e r a l R e p . of G e r m a n y 

HOTEetHOTESSE TUNON 
De mul t ip les debouches: 
Tourisme, Hotellerie, Salons 
Relations publiques 
Transports, etc. ^ t r S I W 
• Aide au ^ c r w & 
placement ^ t f v 
• Initiation a 
I'informatique ~~ \e t 

• Stages pratiques ^ 
durant la scolarite 
• Transfert entre nos 
23 ecoles et stages 
internationaux en cours 

d'annee 

1201 Geneve Tel. ( 0 2 2 ) 3 2 8 3 2 0 

Bon d ' inf O r m a t l O n Veuillez me faire parvenir; 
• votre documentation complete • me communiquer 
par telephone les dates des conferences ^ i n f o r m a t i o n s 
et des operat ions portes ouvertes. o 

Norn: Prenom: ^ 

Rue, N° : Age: 

NPA, localite: N° tel: 
23 ECOLES DANS LE MONDE; PARIS • BORDEAUX • CAEN • LILLE • LYON • MARSEILLE 
MONTPELLIER • NANCY • NANTES • REIMS • STRASBOURG • TOULOUSE • TOURS • ARNHEM • BARCELONE 
BRUXELLES • FRANC FORT • GENEVE • LA HAYE • LONDRES • MADRID • MONACO • ORLANDO 

EUROPEAN SYNCHROTRON 
RADIATION FACILITY 

AT GRENOBLE 
Accelerator scientists 

and engineers 
The ESRF is a state-of-the-art synchrotron radiation source 
that will be built in Grenoble (France). The facility is dedicated 
to covering the needs of the European scientific community in 
the X-ray part of the electromagnetic spectrum. 
The accelerator part consists in: 
- a 800 meter circumference storage ring with a large number 

of straight sections to accommodate wiggler and undulator 
sources, 

- a fast cycling synchrotron used as an injector for the storage 
ring. 

The team that will be in charge of final design and construc­
tion of the ESRF is being appointed. Several employment 
opportunities at various levels are available immediately. 
Successful candidates must have adequate knowledge of par­
ticle accelerator physics in general, relevant experience in 
hardware design and technology associated with the compo­
nents of this type of machines. 
Initial salary will depend upon qualifications. 
Curriculum vitae, list of publications, resume of professional 
experience, brief description of field of interest, date of avail­
ability and names of three referees should be forwarded, 
before May 1 5, to: 

T h e Director Genera l 
of European Synchrotron 
Radiat ion Facility 
BP 2 2 0 
F - 3 8 0 4 3 Grenoble (France) 
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High Technology 
needs 
Superconductors 
- in fusion research 
- in medical diagnosis 
- in radioastronomy 

Dr. Karl-Jurgen Best Vacuumschmelze 

The biggest radiotelescope is located at 
Effelsberg, Eifel, 1/1/. Germany. One of its 
highly sensitive receivers is a MASER - a 
quantum mechanical amplifier. For its 
operation a strong and homogeneous 

magnetic field is necessary. It is provided by 
superconducting coils. 

High-energy magnetic fields produced by 
superconductors VACRYFLUX® also help 
achieve top results in other disciplines, i.e. 
in fusion research or in nuclear spin 
tomography, which enables high resolution 

diagnosis without X-ray examination. 

® Registered trademark of VACUUMSCHMELZE GMBH 

VACUUMSCHMELZE 

VACUUMSCHMELZE GMBH 
GrunerWeg37, D-6450 Hanau 1 • Telefon: (061 81) 362-1 • Telefax: (061 81) 362 645 Telex: 4184863 

Rhenaniastr. 9/17, D-1000 Berlin 20-Tel.: (030) 3320051 • Telefax: (030) 3320051 App.04 Tx.: 182 815 
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Programmable 
High Voltage 

. . . to simplify your s e t u p , 

s t a b i l i z e your s y s t e m , 

a n d e l i m i n a t e t h e margin 

for error 
Large Systems 
Series 1440—The most economical, yet the most rugged 
programmable multichannel supply available. 
• Up to 256 HV outputs/mainframe 
• All outputs independently controllable 
• ±2.5 kV, 2.5 mA/channel 
• RS232 or CAMAC (IEEE 583) control 
• Industrial grade—field proven reliability 
• Utilizes 16-channel plug-in cards 

Medium Systems 
Series HV4032A—Offers four different supplies which 
may be used simultaneously and controlled in the same 
mainframe. Offers exclusive HV protection features and 
convenient controls. 
• Up to 32 HV outputs/mainframe 
• All outputs independently controllable 
• ± 3.3 kV, 2.5 mA/channel 
• ± 7 kV, 0.5 mA with programmable current limit/crowbar 
• RS232 or CAMAC (IEEE 583) control 
• Utilizes 2 and 4-channel plug-in pods 

Small Systems 
Model 2415 —Designed for use in CAMAC-Standard 
(IEEE 583) modular systems. Allows convenient remote 
control of your entire setup. 
• One HV output module 
• CAMAC-programmable control or manual operation 
• Up to ± 7 k V a t 1 mA 
• Up to ±3.5kVat2.5 mA 
• Voltage and current monitor 
• Programmable current limit and voltage 

For all of your multichannel 
and single channel, CAMAC 
or RS232-controlled needs, 
even up to 7 kV, LeCroy has 
the answer. Contact your 
local representative. 

700 S. Main St., Spring Valley, NY 10977, (914) 425-2000; Geneva, Switzerland, 
(022) 82 33 55; Heidelberg, West Germany, (06221) 49162; Les Ulis, France, 
(6) 907.38.97; Rome, Italy, (396) 320-0646; Botley, Oxford, England, (0865) 72 72 75. 

Representatives throughout the world. 
IfiCroy 
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