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Pursuing one’s objective step by
step is the shrewdest method of
attainment.

In the same way that Dornier
introduced the first superconduct-
ing single-cell cavity, so Dornier
has now also produced the first
multi-cell prototype, developed for
the HERA project, which managed
to meet the required specifications
straight off.

Test results at 4.2 K:
Single-cell Q, up to 3.0 x 10°
Eacc max. 8.0 MV/m
Qo up to 1.9 x 10°
Eacc max. 6.2 MV/m

In the light of its wide range of
know how in many areas of
science, in addition to the aviation
and spacecraft industry, Dornier
is predestined to develop systems
and appliances of the highest
technical standards, including
equipment for basic research.

Today’s progress secures the
future. Dornier.

Multi-cell

Concepts. Technologies. Systems.

DORNIER

Dornier System GmbH
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D-7990 Friedrichshafen 1

Federal Republic of Germany
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New Books in Physics

Weak and Electromagnetic
Interactions in Nuclei

Proceedings of the International Symposium
Heidelberg, July 1-5, 1986

Editor: H. V. Klapdor

1986. 555 figures. XXXI, 1110 pages.
Hard cover DM 149,—. ISBN 3-540-17255-6

The international
Symposium on Weak
and Electromagnetic
Interactions in
Nuclei held in
Heidelberg in July
1986 brought
together leading
experts in the fields
of nuclear and elementary particle physics, astro-
physics and cosmology. While concentrating on
various recent problems in nuclear physics (weak
and electromagnetic nuclear properties, electro-
weak interactions in nuclei, exotic nuclei) the
most fascinating contributions to this book arise
from the crossfertilizing interaction of the follo-
wing subjects:

— Lepton number violation and neutrino mass

— Muon physics

— Weak interactions and fundamental symmetries
— Fundamental decays

— Basic experiments for GUTs

— Weak interactions and astrophysics

— GUTs, SUSYs and the early universe

The book demonstrates in a comprehensive way

that nuclear physics is channelling its energies into

new directions.

Springer-Verlag
Berlin Heidelberg New York London Paris Tokyo

Heidelberger Platz 3, D-1000 Berlin 33

175 Fifth Ave., New York, NY 10010, USA

28, Lurke Street, Bedford MK40 3HU, England

26 rue des Carmes, F-75005 Paris

37-3, Hongo 3-chome, Bunkyo-ku, Tokyo 113, Japan

P. A. Krupchitsky 7
Fundamental Research with

Polarized Slow Neutrons

Translated from the Russian by V. I. Kisin

1987. 42 figures. Approx. 150 pages.
Hard cover DM 87,—. ISBN 3-540-16996-2

Contents: Introduction. - Game-Theoretical
Control. - The Differential Game of Convergence-
Evasion. - The Existence of a Value for Positional
Differential Games. - Dynamic Programming. -
Extremal Aiming. - Extremal Aiming for Non-
Linear Differential Games. - A Priori (Prior)
Stable Sets. - Qualitative Problems of the Theory
of Differential Games. - Mixed Strategies in
Differential Games. Lower and Upper Differential
Games. - Differential-Functional Games. -
Appendix. - References.

Concepts and Trends in
Particle Physics

Proceedings of the XXV Internationale Univer-
sitdtswochen fiir Kernphysik Schladming, Austria,
February 19-27, 1986

Editors: H. Latal, H. Mitter

1987. 48 figures. IX, 325 pages.
Hard cover DM 87,—. ISBN 3-540-17372-2

Contents: M. Blau, W. Thirring, G. Landi: Introduc-
tion to Kaluza-Klein-Theories. - J. Wess: Super-
symmetry/Supergravity. - W. Kummer: Super-
symmetric Yang-Mills Fields and Noncovariant
Supergauges. - G. Veneziano: From Strings to
Superstrings. - G. C. Segré: Superstrings and Four-
Dimensional Physics. - R. D. Peccei: Mass Issues
in the Standard Model. - H. Satz: Critical
Behaviour in Statistical QCD. - H. Satz: Critical
Behaviour in Radom Field Gauge Theory. -

L. M. Lederman: Experiments Beyond the
Standard Model.
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Wandel & Goltermann
Electronic Measurement Technology

Data testing —

the rapid solution:
connect
autoconfigure
read results
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The DT-10 Data Testerfor V. 24/RS232C
Interfaces, automatically sets itself to the
right parameters (bit rate, code, parity
etc.), it has no problems with printers or
terminals. This and menu driven opera-
tion using softkeys make it fast. The large
display gives you comprehensive results
and battery operation makes field work
easy. % 50 to 20000 bit/s * Async/
Sync/HDLC % Tristate display * BERT/
BLERT % Timing and Distortion
Measurements * Monitoring * DTE/
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Supernova particles

Early in the morning of 24 Febru-
ary, a diligent Canadian astronomer
working at the Las Campanas ob-
servatory in Chile saw Something.
A brilliant new light — many mil-
lions of times brighter than the sun
— had lit up in a nearby galaxy
(the Large Magellanic Cloud).

The light is due to a new super-
nova, routinely named 1987a but
the brightest seen in recent history,
resulting from the death throes of
a star 30 times larger than the sun
and 160 000 light years away.

Astronomical observations went
on to show that the emitted light
contains hydrogen streaming out
at some 15 000 kilometres per
second as the fireball, its nuclear
fuel spent, moves towards a new
composition as a neutron star.

But this time astronomers and
astrophysicists were not the only
ones interested. Instead of being
blinded by the supernova’s outer
incandescence, for the first time
physicists were equipped to pick
up the particles produced by the
gravitational collapse of its core.

Motivated initially by a quest for
proton decay and other unusual
phenomena, new large under-
ground particle detectors have
been built in recent years. With
the proton apparently reluctant to
decay, these giant installations
have gone on to open up new phy-
sics horizons, including particle
astronomy — the detection of pen-
etrating particles from identifiable
cosmic sources. _

The monumental release of grav-
itational energy deep inside a su-
pernova such as 1987a spews out
particles, the visible light resulting
from the heating of the outer
layers. Accepted models of stellar
collapse enabled astrophysicists
to calculate the effects of this
several second burst of some
1058 neutrinos with average ener-
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gy around 10 MeV, which should
have arrived before the light from
the expanding hot gases.
According to this picture, the
big terrestrial detectors should
have intercepted a burst of neutri-
nos a short time before the onset
of the optical supernova, the num-
ber of neutrinos snared depending
of course on the size of the detec-
tor. The physicists operating large

Cosmic cataclysm — the 1987a supernova

(Photo European Southern Observatory)

underground detectors eagerly
scanned their data to see if any-
thing unusual was picked up
around 24 February.

The 150 ton LSD Liquid Scintil-
lator Detector operated by an ltal-
ian/Soviet team in the Mont-Blanc
road tunnel under the Alps re-
ported a cluster of five neutrinos
within the space of seven seconds,
one day before the optical sighting.



The meetings in the ‘Rencontres
de Moriond’ series organized
by Jean Tran Thanh Van are
frequently stimulating, but the
session held at Les Arcs in the
French Alps from 8-15 March
was especially memorable. Two
major new physics effects were
presented for the first time —
the supernova 1987a (see

page 1) and particle mixing in
the neutral By mesons (article
next month).

This was the first full inter-
national meeting of astrophysi-
cists and particle physicists
after the new supernova became
active on 23 February
(160 000 years ago!), and there
was a veritable star-studded
galaxy of astro-speakers. This
followed the Moriond tradition
of having two parallel meetings
with some joint sessions to
stimulate inter-disciplinary
interactions.

Sessions were interrupted
when speakers heard that for
the first time the neutrino burst
from a supernova core had been
intercepted, and new informa-
tion was continually received
and eagerly discussed at break-

Excitement at Moriond

fast, lunch and dinner, and late
into the night.

A final four-hour joint astro-
particle session brought to-
gether speakers from the four
neutrino detectors (Mont-Blanc,
IMB, Kamioka and Baksan) and
from the European gravitational
wave detector, together with
reports of optical and X-ray
sightings from telescopes and
satellites, and a confrontation
with supernova theory.

The news of neutral B particle
mixing provoked discussion
as the data from the ARGUS
detector at the German DESY
Laboratory, presented by
R. Schroeder, was especially
convincing. Earlier strong indi-
cations from the UA 1 (CERN)
and MAC (Stanford Linac) col-
laborations were presented by
T. Muller and R. Hurst. There
was a lively exchange of views
as to why theoretical analysis
had suggested that mixing
would be observed in B mesons
containing a strange quark (B)
rather than a down quark (Bg).

From Douglas R. O. Morrison

Also before the optical sighting
but 4.5 hours after the Mont-Blanc
burst, a cluster of neutrinos was
recorded by the rebuilt Kamiokande
experiment in Japan. About a doz-
en neutrinos in as many seconds
were picked up by this huge detec-
tor using several thousand tons of
water to catch particles, with the
first events tightly grouped. Ener-
gies ranged from 7.5 to 36 MeV.
The Kamiokande detector can also
see which direction neutrinos come
from — most of the hits were due
to untrackable antineutrinos, but
a few came from neutrinos and
provided a pointer to 1987a.

Effectively at the same time as
the Japanese signal, a distinct neu-
trino burst was also recorded in
the world’s other multi-thousand
ton water-filled neutrino watcher,
the Irvine/Brookhaven/Michigan

2

(IMB) experiment in Ohio. Most of
the events occurred in a 2.5 se-
cond interval-with energies up to
about 40 MeV.

The 4.5 hour difference between
the Mont-Blanc signal and the
Kamioka/IMB pulses is not ex-
plained. (However the Mont-Blanc
detector sees a small effect at the
later time, while Kamioka inter- .
cepted a few neutrinos at the ear-
lier time! Both of these signals are
compatible with background.)
Some neutrinos at around the later
time were also picked up by the
Soviet Baksan Neutrino Observa-
tory using its array of 3000 liquid
scintillators.

The similarity of the signals seen
in the two big detectors — Kam-
iokande and IMB — suggests that
here indeed was particle physics
from a supernova.

(A special supernova session
was hurriedly organized at the Mo-
riond meeting on Electroweak In-
teractions and Unified Theories.

T. Kajita presented the results from
Kamiokande and J. van der Welde
from the IMB detector. A. Pomans-
ki reported the Baksan observa-
tions.)

As well as corroborating the
optical observations and probing
the theory of supernova explo-
sions, the neutrino effects also
test our understanding of this enig-
matic particle.

Has the neutrino, long assumed
to be massless, a vestigial mass?
With laboratory experiments giving
contradictory results (see October
1986 issue, page 4), all additional
information is welcome. On the
basis of the limited bunch spread-
ing over the 160 000-light year
flight path, the electron-type neu-
trino cannot weigh more than a
few tens of electron volts.

Exploiting the initial grouping of
the supernova neutrinos caught
by the Kamiokande and IMB detec-
tors, John Bahcall and Sheldon
Glashow conclude that the mass
of the electron-type neutrino is
likely to be less than 9.5 eV, a
stronger limit than has been
achieved in several decades of
laboratory neutrino experiments.

Could the neutrino also be unsta-
ble? The mere detection of neutri-
nos from such a source also tells
us that the particles live for at least
10° years.

The explosion of a star should
also radiate gravitational waves,
however even with the most op-
timistic assumptions the expected
output falls below the sensitivity
of today’s gravitational antennae.
Nevertheless an effect was re-
corded at the big cryogenic gravi-
tational wave antenna operated at

‘CERN by a Rome group. The cau-
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tious physicists prefer to attribute
it to a random seismic effect rather
than to new astrophysics.

At the special Moriond session,
Maurice Goldhaber of Brookhaven
and the IMB experiment declared,
‘there are small discrepancies be-
tween absolute time observations,
which can probably be resolved.
These data will certainly be

squeezed for all they are worth for
a long time — perhaps until the
next close supernova comes along.
The near agreement with theory
for this awesome phenomenon
must be considered as a triumph
for the input sciences — nuclear
physics, particle physics and astro-
physics, and increases confidence

“in the Big Bang calculations’.

Meanwhile the sparse data has
sparked off a frenzy of activity,
with many interpretations based
on the the details of the neutrino
observations. However astrophys-
icist Dave Schramm warns of the
dangers of pressing these meagre
statistics too hard.

Coming in
from the cold

The minimal electrical resist-
ance of superconducting ma-
terials provides an ‘easy’ way
to high currents if the as-
sociated cryogenics problems
can be mastered — conven-
tional superconductors re-
quire ambient temperatures
close to absolute zero. The
discovery of new supercon-
ducting materials operating
at much higher (but still
cryogenic) temperatures
brings the potential rewards
much closer.

This article, specially writ-
ten for the CERN Courier by
a specialist in the field, gives
an inside story on these latest
developments. Meanwhile
fresh ‘'warm’ superconductor
news continues to arrive. A
team at Berkeley reports that
an as-yet unnamed substance
shows a dramatic drop in
electrical resistance at about
— 39°C, a ‘temperature close
to a winter’s day in Fair-
banks, Alaska’.
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New high temperature
superconductors

by David C. Larbalestier

Enormous interest has been
aroused by the report of Georg
Bednorz and Alex Mdiller of IBM’s
Zurich laboratories late last year
of high temperature superconduc-
tivity in a mixed oxide of lanthan-
um, barium and copper. (Supercon-
ductivity, the abrupt fall of electri-
cal resistance at low temperatures,
was discovered by Kamerlingh
Onnes in 1911, using mercury at
liquid helium temperatures —

4.2 K.) The report of possible su-
perconductivity at around 30 K
was initially received somewhat
sceptically. The phase responsible
for the superconductivity was
quickly identified by a Tokyo
group as a layered ‘perovskite’ of
approximate composition

La 1.8 Bao_z CUO4.

These layered perovskites are
related to better-known perovs-
kites such as barium titanate, a
ferroelectric. The Tokyo group and

a group at Houston presented re-
sults of their work at the Materials
Research Meeting in Boston in ear-
ly December. They were able to
document the two independent
properties characteristic of super-
conductivity : zero resistance and
flux exclusion. The scientific com-
munity was convinced and the
hunt was on. Three months later,
many hundreds of scientists are
working on the new oxides.

The search for new supercon-
ductors with higher transition tem-
peratures (T.) and with possible
new mechanisms has always been
an exciting one. However the pre-
vious advance dates from 1973
when workers at Westinghouse
and at Bell Labs advanced T, from
about 21 to 23 K with niobium-
germanium films. A large effort
was subsequently put into synthe-
sizing niobium-silicon which ap-
peared to be the logical next step
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in the line from niobium-tin. Predic-
tions of the T, of niobium-silicon
ranged from around 25 to 35 K.
However it refused to form in the
desired A15 crystal structure at
the stoichiometric (3:1) composi-
tion and all efforts have so far
proved fruitless. Reports of high
temperature superconductivity in
other more exotic compounds
claimed T, values of greater than
100 K but none proved verifiable.
After 15 years of static T, there
was a feeling of scepticism about
further advances. Possibly for this
reason, Bednorz and Muiller were
modest in their initial claim. They
observed zero resistance only at
12-13 K; however they observed
a distinct decline in resistance at
around 30 K and they speculated
this might be the signature of per-
colative superconductivity, where
islands of superconductivity are
weakly coupled together. Now we
know that they were right.
Exciting as this report was, it
was only the prelude to a more
spectacular result. Following the
Boston meeting, many groups took
notice and many similar com-
pounds (there are at least several
hundred known layered perovs-
kites) were fabricated. Very quickly
a Bell group found that La; g Srg»
CuOy., (the y is uncertain because
there are an undetermined number
of oxygen vacancies in the struc-
ture) had a T, of 36-40 K. The
Houston group found the original
barium oxide to have an onset T,
of up to 52 K under pressure and
the race was really on. In early
February, a joint team led by C. W.
Chu (Houston) and M. K. Wu (Ala-
bama) reported superconductivity
at about 90 K. Reports of this
work appeared in Physical Review
Letters on 3 March. The compound
is similar to the La-Ba-Cu oxide,
lanthanum being replaced by yt-
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Crystal structure of one of the new ‘warm’
superconductivity candidates — the layered
perovskite La 1 g Srp 2 CuO 4. The cell is
tetragonal, the height of the cell being about
13.3 A and the width of the cell about

3.8 A. The basal planes at top and

bottom are believed to be those where
superconductivity is favoured. These
contain the copper and oxygen ions.

trium. However, the proportion of
barium is greater, Y 1, Bagg CuO,4,
and the crystal structure is not yet
determined.

The appearance of superconduc-
tivity at temperatures accessible
to liquid nitrogen cooling (77K) is
of course of tremendous interest.
The low latent head of vaporization
of helium (2.9J/cm?) and the low
specific heat of materials at liquid
helium temperatures make for in-
stabilities. Liquid nitrogen has a
much larger latent heat (159J/cm?3)
and is about ten times cheaper
than helium. Superconducting mag-
nets operating with liquid nitrogen
should be very stable and it is nat-
ural to speculate whether a revo-
lution in superconducting technol-
ogy is imminent.

Given such dramatic discoveries
and such a rapid advance, it is
difficult to make a definitive view
of the technological impact of
these materials. However let me
make some comments appropriate
at the time of writing (6 March),
with the reservation that develop-
ments in the following weeks and
months may invalidate these re-
marks.

These materials appear to be
BCS superconductors (that is, their
properties appear to be explicable
in terms of the traditional Bardeen-
Cooper-Schrieffer theory of super-
conductivity), albeit very strongly
coupling ones. Strong coupling
means the BCS picture is modified
to make the basic Cooper pair cou-
pling stronger. This is consistent
with the atomic structure of the
layered perovskite, in which the
copper ions are surrounded by an
octahedral oxygen array. The most
favoured present explanation for
the properties is that the substitu-
tion of a divalent cation such as
Sr2* for a trivalent La3* ion pro-
duces partial transformation of

@ Cu

® La, Sr
0 o1 site
o2 site

Cu?* to Cu3*. The extent of this
depends on the oxygen vacancy
concentration; if no vacancies ex-
ist, each substitution of a Sr2* ion
converts a Cu?* ion to a Cu3* ion
The mixed valence state produces
metallic conductivity; the unsub-
stituted La, CuQO, is a semiconduc-
tor. In this model, it is believed
that a strong electron-phonon inter-
action exists, these conditions
being favourable to high tempera-
ture superconductivity.

Given that they are BCS-like su-
perconductors, we should expect
high critical fields to go with the
high critical temperatures. Many
workers have now measured the
critical field slope at T, to be of
the order of 2T /K and rather sen-
sitive to measurement conditions.
According to standard theory, this
indicates that the critical field at
which superconductivity is de-
stroyed could be around 50 to
150T at O K. No such DC fields
presently exist to check the pre-
dictions. However measurements
by a group at MIT and Bell do sug-
gest at least 45T at 4.2 K. Unfor-
tunately the transition is of order
20T wide.

A very broad transition is com-
mon to all the measurements pre-
sently known to me, including our
own attempts to pass transport
currents through the Ba and Sr
oxides. Attempts to pass current
densities of much more than about
10A/cm? produce very extended
transitions. The most favoured
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present explanation for this behav-
iour is that superconductivity exists
in many discrete regions within

the sample but only weak coupling
exists between these regions. This
weak coupling is strongly dimin-
ished by an external field. Electro-
magnetic and structural character-
izations of these compounds are
proceeding furiously and we may
soon expect to know whether this
percolative nature of the supercon-
ductivity is inherent in the material
or results from the way present
samples are being prepared.

The long timescale needed to
produce acceptable conductors of
niobium-tin (10-12 years) following
its discovery in 1962 inevitably
comes to mind in assessing the
potential timescales for developing
high field magnets with the new
materials. These new oxides, like
niobium-tin and the other A15
compounds are inherently brittle
and this is bound to affect their
application in magnets, just as
large scale construction of niobium-
tin magnets has lagged behind
their ductile niobium-titanium coun-

terparts. But superconductivity
above 77K provides a powerful
stimulant to solve the technological
problems of dealing with brittle
materials. The next few months
could give us many more surprises
in an area where none were sus-
pected only a few months ago.
The discovery of Bednorz and
Madller has given a profound new
stimulus to superconductivity and
the last discovery has surely not
yet been made.

The A to Z of accelerators

With great skill, the organizers

of the 1987 Particle Accelerator
Conference arranged a vast pro-
gramme to run through nearly 700
papers from Session A to Session
Z. They took in en route the latest
on construction and plans for the -
high energy machines for particle

US Superconducting Super Collider Central
Design Group leader Maury Tigner — aiming
at the highest possible energies.
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physics but this information was
surpassed in volume by reports

from the many other areas where
accelerators now play a key role.

Synchrotron light sources are
now illuminating the world in al-
most thirty Laboratories. Free elec-
tron lasers are confirming their
promise for the creation of un-
dreamed of fluxes of electromag-
netic radiation. ‘Star wars’ ma-
chines are now openly discussed.
Reports on other actual or potential
applications in medicine, food pro-
cessing, fusion, etc., underlined
how the seemingly esoteric tech-
nology developed for the study of
particles has continued to ripple
into everyday life. (Already many
people sit in front of a particle ac-
celerator for several hours every
evening!)

The Conference was held in
Washington from 16-19 March
and was the 12th in the North
American series which began in

Giorgio Brianti — pushing for a hadron
collider in the tunnel now being completed
at CERN for the LEP electron-positron
collider.

1965. The attendance of over
1100 was another reflection of
the wealth of activity in the field.

The debate on the big machines

Since the hot topic appeared in
Session Z, not many people left
the Conference early. In the wake




of President Reagan’s endorsement
of the Superconducting Super Col-
lider and of the CERN Committee
of Council's promotion of the Large
Hadron Collider, there was no hid-
ing the potential overlap between
the two projects. It would clearly
not make sense to build two sim-
ilar machines of such size and cost
(unless perhaps the lower energy
machine could be completed much
faster or one machine had signifi-
cant capabilities inaccessible to

the other).

Maury Tigner, who leads the
Central Design Group on the SSC,
gave the first talk, followed by
Giorgio Brianti, deeply involved in
the LHC work at CERN. Accom-
panying both proposals are invita-
tions to other world regions to join
in the construction and exploitation
of the huge machines. Leon Leder-
man had a more delicate task than
he could reasonably have antici-
pated when he accepted the title
of ‘The status and outlook for in-
ternational collaboration on future
accelerators’ for the concluding
talk.

Tigner outlined the main para-
meters of the SSC— 20 TeV per
beam, luminosity of 1033, six inter-
action regions, 6.6 T magnets,

85 km circumference, $ 4.4 billion
cost (R and D, machine, detectors,
computers), 8 ¥» year construction
time. Preparations are going well
and, in particular, the dipole bend-
ing magnets, which are the most
costly of the technical compo-
nents, are comfortably exceeding
design specification in the recent
prototypes which have been
tested.

Beginning in April, the site se-
lection procedure is scheduled to
filter out a small set of favoured
sites by July 1988. The final
choice is planned for end 1988 so
that digging could begin early
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1989. Congressional hearings for
budget authorization were immi-
nent at the time of the Conference.

Tigner quoted Abdus Salam on
the importance of aiming at the
highest possible energy and re-
peated the statement that partici-
pation from other countries could
be envisaged with the machine
ultimately open to qualified scien-
tists from all countries.

While the Conference was in
progress, a meeting of the Amer-
ican Physical Society in New York
was in ecstasies about the newly
discovered high temperature super-
conductors (see page 3). Tigner
brilliantly fielded a question about
the possible impact of these new
materials on the magnet design
for the SSC. As known at present,
their current densities are a factor
of 1000 down on those needed
for the SSC; mechanical properties,
feasibility of volume production,
production costs are all unknown.
From past experience, moving
from this situation to the demand-
ing environment of storage ring
magnets is likely to take a very
long time.

Brianti cited the LHC parameters
— about 8 TeV per beam, luminos-
ity of over 1033, magnet fields up
to 10 T in ‘two-in-one’ magnets,
located over the electron-positron
ring in the 27 km circumference
LEP tunnel now being completed
at CERN.

The attractions of the LHC stem
from its much lower cost because
of the existing tunnel and injectors,
and from the unique physics poten-
tial of proton-proton, proton-elec-
tron, and even ion collisions. The
final touches are now being made
to the conceptual design and a
cost estimate will be detailed at
the same time.

Construction could proceed dur-
ing the six months per year when

Leon Lederman — international collaboration
on future accelerators.

LEP is not in operation (and the
CERN machines are busy with anti-
protons) and would not necessarily
interfere with completion of LEP
to its 100 GeV per beam design
energy. The estimated earliest
timescale for LHC is 1995. The
CERN Committee of Council (see
April issue, page 1) has proposed
scientific and technical cooperation
with non-Member States.

Lederman recalled the history
of the moves towards greater in-
ternational collaboration since the
World Laboratory/Very Big Accel-
erator (VBA) was first discussed
in 1975. Following the formation
of the International Committee for
Future Accelerators (ICFA) a year
later, which initially had the VBA
as a potential mission, at every
point in time one or other region
was, to use Pief Panofsky's
phrase, ‘pregnant with a new ma-
chine’. What has happened in the
intervening years has followed the
‘leapfrog model’ rather than full
collaboration. ICFA has had to
content itself with promoting inter-
national collaboration in exploita-
tion of machines and in developing
accelerator technology.

An alternative route has emerged
in recent years and has become
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known as the HERA model since

it has been crucial to the building
of that electron-proton collider at
DESY. It involves the core of the
responsibilities and costs remaining
with the host country but with very
extensive bilateral agreements for
machine component construction
and financing worked out for other
countries.

Lederman recognized that the
»SSC proposal itself, when it first
emerged, ‘was a blow to hopes
of a World Laboratory’. (In fact at
that time it caused considerable
dismay in ICFA since it was pro-
moted without prior consultation
or consensus amongst the different
regions. The latest LHC proposal
has been promoted in the same
way.)

Lederman concluded with his
personal thoughts on the present
situation. He is concerned about
the adequacy of the LHC to cope
with the needs of all regions, par-
ticularly when constrained by LEP
exploitation in the same tunnel.
The SSC is likely to be at least
double the cost but for double the
energy (the European contention
is that the interesting energy region
would be reached at LHC).

A strong case can be made for
going in either the SSC or LHC
direction. Both regions are pro-
moting their candidate with con-
viction, just as they have always
done in the past.

The present front-line machines

John Rees reported imminent
operation of the Stanford Linear
Collider (see page 31), to provide
50 GeV per beam electron-positron
collisions via arcs at the end of
the Stanford linac. Initial perfor-
mance aims have been reduced
compared to the design values (for
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Installation work for the LEP
electron-positron collider at CERN is well
underway. This shows the pit to house the
L3 experiment, with the tunnel opening in
the background. At the Washington meeting
Gunther Plass described LEP progress.

(Photo CERN 446.3.87)

example, the tiny beam spot size
at the crossing point has been
relaxed to 2.8 compared to 1.6
microns, the pulse rate is reduced
to 120 rather than 180 Hz, initial
energy is likely to be 47 GeV and
SO on).

There are some problems in the
damping rings causing bunch
lengthening which will require at-
tention to the vacuum chamber
and the pulsed magnets. In the
linac the ‘heroic efforts’ on the r.f.
klystrons have produced excellent
results and there are now 200 of
the 67 MW klystrons available. In
June, Stanford hopes to attack
the physics of the Z° (93 GeV),
the neutral carrier of the weak

force, discovered at CERN in 1983.

Gunther Plass talked about the
other Z°, and eventually W, facto-
ry — LEP at CERN. The first ele-
ments of the injection system have
all reached or exceeded specifica-
tion and the next stage will occur
in July when electrons go into the
SPS; the first transfer to LEP will
be a year later. LEP operation is
scheduled for mid-89 and comple-
tion of the machine to its full
design energy of approaching
100 GeV could follow soon after-
wards with the use of supercon-
ducting cavities.

The newcomer to the particle
physics scene, the electron-posi-
tron collider, TRISTAN, at KEK in
Japan, was greeted with particular
appreciation when G. Horikoshi
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gave his talk. They are now oper-
ating with 32 r.f. cavities, giving
a peak energy of 25 GeV per
beam. From July it is intended to
nudge this to 28 GeV with more
cavities, and vacuum improve-
ments should extend the beam
lifetime.

R. Kose reported on another
Laboratory happy with electrons,
DESY, where the new synchrotron,
DESY I, is performing well. It is
one of the injection elements for
the electron ring of HERA which
is under construction to collide
30 GeV electrons with 820 GeV
protons. The HERA tunnel is three
quarters complete and the four
halls are finished.

The proton ring is the greatest

12

Prototype superconducting magnet for the
proton ring of the PETRA electron-proton
collider now being built at DESY, Hamburg.
Tests give promising results.

(Photo DESY)

challenge since it incorporates su-
perconducting magnets. Five pro-
totype 9 m dipoles have exceeded
design field with good field quality.
In fact the performance is so good
that they could sustain a beam
energy of over 1 TeV; conventional
magnets in the ring limit the pos-
sible peak energy to 1 TeV. Simi-
larly the energy of the electron ring
may be taken higher by the use of
r.f. superconducting cavities. If
prototype cavities work well in
tests on the PETRA ring, eight of

A newcomer. The TRISTAN electron-
positron collider at the Japanese KEK
Laboratory operates at 25 GeV per beam,
aiming soon for 28 GeV.

(Photo KEK)

them will be installed in the elec-
tron ring. Colliding beams are
scheduled for 1990.

Roland Johnson reported on
operation of the world’s first su-
perconduction collider — the Teva-
tron at Fermilab where proton-
antiproton collisions have been
achieved at an energy of 900 GeV
per beam, the highest ever
achieved. The antiproton source
is now working excellently, stack-
ing at the rate of up to 100 anti-
protons per hour, and has ex-
ceeded the performance of the
CERN Antiproton Accumulator
(though not of the improved source
at CERN which will come into
action later this year).

However it has proved difficult
to profit from these healthy anti-
proton fluxes because a high pro-
portion of the beam is lost prior
to full energy interactions. Trans-
mission through the conventional
magnet ring is troublesome follow-
ing a major revamp last year, in-
cluding the construction of a seven
metre-high by-pass to take beams
over the Collider Detector Facility,
CDF. The superconducting ring is
sensitive to ramp history which
introduces difficult operational
problems. The CDF is, neverthe-
less, taking data at the highest
proton-antiproton collision ener-
gies, with luminosities steadily
improving.

At the CERN SPS proton-antipro-
ton collider, preparations are well
underway to cope with the in-
creased intensities from the new
antiproton source. Lynn Evans
described the manoeuvres of beam
separation all round the collider,
and an additional 100 MHz r.f.
system. An interesting experiment
will be the use of stochastic cool-
ing in the SPS itself with an optical
link across the ring.

(continued on page 15) p>
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Mass spectrum of two hadron ‘jets’ seen
by the UA2 detector at CERN’s
proton-antiproton collider, indicating the
signal due to the W and Z particles above
less interesting background. This is thought
to be typical of the physics which will
emerge at future higher energy colliders,
and demonstrates the ability of such
experiments to spot heavy particles through
their decay into narrow ‘jets’ of hadrons

— ’jet spectroscopy’.

Experimental
challenge

With enthusiasm running high for
big new machines to collide beams
of strongly interacting particles
(hadrons) at higher energies, inter-
est focuses on how to exploit the
exciting physics that these ma-
chines will open up.

Under these conditions the sig-
nals of many new phenomena are
expected to be small, and more-
over obscured by less interesting
background effects. New physics
will probably emerge only after
stringent selection procedures.

The chances of seeing rare pro
cesses are increased by pushing
up the collision frequency and/or
the collision energy.

The target collision rates imply
that a detector at a large hadron
collider will have to cope with
some 108 interactions per second,
about a thousand times up on what
is seen at today’s hadron colliders.

Such high rates have important
implications for new detector de-
signs, especially for resistance to
radiation, response speed, granu-
larity of coverage, and triggering.
Much of today’s instrumentation
technology will either be inade-
quate or at least have to be devel-
oped considerably.

The success of the experiments
at CERN'’s proton-antiproton col-
lider has underlined the usefulness
of calorimetry — recording the de-
tailed pattern of energy deposition
around the collision point. Precision
study of the narrow sprays or ‘jets’
of produced hadrons provides valu-
able information on the behaviour
of the quarks and gluons deep
inside the collisions. The ‘missing
transverse energy’ approach —
detailed analysis of energy emerg-
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ing sideways from the colliding
beams to search for any imbal-
ances — has demonstrated its im-
pressive ability to ‘detect’ inert
particles, such as neutrinos, which
otherwise fly through the apparatus
without trace.

Important in this work will be
the granularity of the detector (the
fineness of the ‘mesh’ catching
the debris emerging from the inter-
action point), its ‘hermeticity’ (no
‘cracks’ through which particles
can emerge undetected), its cali-

bration and its energy resolution.
All these topics are being contin-
ually discussed, and developments
reported.

While any future hadron collider
will open up a wide and exciting
new range of physics, instrumen-
tation for this physics will be a
challenge. A strong programme
of detector research and develop-
ment work is called for to exploit
the new horizons. '

From Peter Jenni.
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p (from page 12)

Construction of the 3 TeV proton
fixed target and, eventually, collid-
ing beam machine, UNK, at Ser-
pukhov in the Soviet Union aims
for first full energy beams in 1992.
Civil engineering is well underway
and the remaining major decision
concerns the choice of supercon-
ducting magnet design. Up to now,
‘development has concentrated on
warm-iron versions and prototypes
have achieved good quality field
at 6 T (in excess of the 5 T needed
for 3 TeV beams). Heat loss is still
uncomfortably high. Cold-iron ver-
sions like the HERA design are
being studied and the decision will
be taken by the end of the year.
The magnet test facility is being
installed.

For UNK, a colliding beam
scheme had been envisaged be-
tween the 3 TeV superconducting
ring and the 600 GeV conventional
magnet ring acting as injector.
However this is falling increasingly
under the shadow of a higher ener-
gy collider project using a third
ring. With big hadron colliders
being pushed in Western Europe
and the US, Soviet physicists point
to the usefulness of a fixed target
programme in the 1990s at energy
beyond the present Fermilab
Tevatron.

The big nuclear physics machines

Turning to major projects where
machine parameters are selected
for other areas of physics, partic-
ularly nuclear physics, we reach
the enthusiastic talk at the Confer-
ence given by Hermann Grunder
on the Continuous Electron Beam
Accelerator Facility, CEBAF.

Studies of the quark-gluon sys-
tem call for continous electron
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The North American series of
particle accelerator conferences
has been successful for a variety
of reasons. By comparison with
the International series, now
held once every three years, it
allows a very much broader
coverage of topics with con-
siderable emphasis on practical
applications. It also provides a
forum for younger accelerator
physicists and engineers who
have limited outlet in the rarified
spheres of the international
meetings. Geography and the
related travel expense also play
a role, since the international
Conference passes through a
particular region only once every
nine to twelve years.

European Particle Accelerator Conference

The need for a local outlet,
particularly for the younger
scientists in accelerator technol-
ogy, has been felt in Europe for
some time. It has therefore been
decided, particularly on the ini-
tiatives of the European Physical
Society and the European Com-
mittee for Future Accelerators,
to initiate a European series
(though with US participation
in the organizing committee).

The first European Particle
Accelerator Conference will be
held in Rome from 7-11 June
1988. It will follow the success-
ful US model closely with em-
phasis on applications and,
probably, an exhibition of related
industrial products.

beams of high current at energies
of a few GeV. CEBAF, via a
0.5 GeV recirculating linac, aims
to provide such beams with 200
microamp current and energies
from 0.5 to 4 GeV. Superconduct-
ing linacs would be used and Grun-
der paid tribute to the aid of many
other Laboratories in mastering
this thechnology. So well is this
work going that 6 GeV peak ener-
gy may be feasible within the pre-
sently foreseen scope of the pro-
ject. Four companies have built
acceptable cavities and placing
contracts in industry is therefore
no problem.

The beam physics has received
a lot of attention to avert the dan-
ger of beam break-up, which has
proved to be a problem in the past.

Tests have been carried out in the
CESR machine at Cornell. Site
clearing at Newport News started
in February (see April issue,

page 30). Full project authorization
is still sought at a project cost of
$ 255 million over a construction
time of six years.

Mark Barton reported on the
next in line in nuclear physics prio-
rities in the USA — the Relativistic
Heavy lon Collider, RHIC, proposed
at Brookhaven to make use of ions
accelerated in the Alternating Gra-
dient Synchrotron and collide them
at up to 100 GeV per nucleon (for
gold on gold) in superconducting
magnet rings installed in the tunnel
built for the abandoned ISABELLE
project. The project is being ap-
proached progressively with ions
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in the AGS from tandems and the
addition of a booster to achieve
ions across the periodic table. Four
dipole prototypes for RHIC have
been tested with results above the
3.45 T design field. :

Kaon factories (high intensity
proton synchrotrons of several
tens of GeV for copious production
of kaons and other particles) were
reviewed by Mike Craddock. Four
such machines are at present on
the table in Canada, Europe, Japan
and USA but none has yet received
construction authorization (see
April issue, page 23).

Graham Rees reported on the
operation of the ISIS intense neu-
tron source at the UK Rutherford
Appleton Laboratory. The high

intensity proton synchrotron has
been in action for just over a year
and is now feeding six neutron
beam instruments (four more are
under development). Muon spin
rotation work and a neutrino ex-
periment should start soon. The
machine intensity has reached 50
microamps and the operating ener-
gy is 550 MeV. This will be in-
creased to 100 microamps and
750 MeV in the near future. (An
interesting implication of dealing
with such high intensities in the
neutron source is that ISIS is one
of the few machines in the world
where the operators are keen to
increase the beam emittance!) Eu-
ropean co-operation (France, Ger-
many, ltaly and Sweden) is in-

volved in longer term development
options which include an additional
target station and the rebuilding
of the linac — the least reliable ele-
ment of the machine at present.

Forthcoming attractions

This first report from the
Washington Conference concen-
trates on news from particle/nu-
clear physics machines. In our next
issue we will cover some of the
accelerator news at the meeting
from other fields.

By Brian Southworth

Around the Laboratories

DESY
PETRA Il

After the successful start for the
new DESY Il electron synchrotron
at the German DESY Laboratory
in Hamburg (see April issue,

page 14), the PETRA ring restarted
operations on 8 March as PETRA
Il. Both these second generation
rings will be used to handle parti-
cles destined for the HERA elec-
tron-proton collider now under
construction.

PETRA Il is a substantial modi-
fication of the ring used from 1978
to 3 November last year (see Jan-
uary/February issue, page 23) for
electron-positron collision physics.
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With the CELLO experiment retired in the
background, the beam pipe of the
substantially modified PETRA ring is now
encased in concrete blocks. In the
foreground is a superconducting cavity
test installation.

(Photo DESY)
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Blazing a trall
for protons

On April 1 at the DESY Labo-
ratory in Hamburg, a 7 GeV
positron beam produced by
the new ‘DESY chain’ of ma-
chines (Linac Il, PIA, DESY Il
and PETRA ll) was fired into a
beam dump in the still incom-
plete tunnel being excavated
for the HERA electron-proton
collider, blazing the injection
trail for the HERA protons. In
the meantime DESY's new
proton source is being put
through its paces, pending
construction of the new

DESY lil synchrotron to han-
dle the proton beams prior to
injection.

After the shutdown, the four big
experiments (CELLO, JADE, Mark-J
and TASSO) were removed from
the ring, together with the big fo-
cusing quadrupoles, the mini-beta
high luminosity quadrupoles and
the electrostatic beam separators.
Of the four experiments, only the
CELLO set-up was retained, out
of the beam, as a standby for ev-
entual future use. Concrete shield-
ing was placed around the ring in
the former experimental halls and
500 metres of new vacuum pipe
added, together with ancillary
vacuum equipment.

As well as taking care of elec-
trons (and positrons), the new
PETRA ring will also be called upon
to handle protons. All radiofre-
quency accelerating cavities were
removed from the PETRA North
Hall and most of the remainder
switched off. These will later find
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their way to the main HERA ring.
To run PETRA with 14 GeV elec-
trons, only 16 cavities are neces-
sary. These will be positioned in
the South Hall, but must be by-
passed in future by the proton
beam, taken to 40 GeV prior to
injection into HERA. :

The modified ring structure and
the new beam optics required a
different arrangement of focusing
elements. In addition, septum and
kicker magnets for particle ejection
were installed in the North straight
section. All this transformation
work took only four months.

FERMILAB
Short-lived study
continues

According to the almost exact the-
oretical principle of combined
charge conjugation/parity (CP) in-
variance — under which particles
and antiparticles are interchanged
and left and right are switched
round — the neutral kaon comes
in two forms, a short-lived variety,
preferring to decay into two pions,
and a long-lived one, disintegrating
mainly into three pions.

In 1964, the classic experiment
of J. W. Cronin and V. L. Fitch at
Brookhaven revealed that CP invar-
iance was not exact. About one
long-lived neutral kaon in five
hundred was seen decaying into
two pions. Subsequent CP-violation
studies found other unusual decays
of the long-lived neutral kaon. Now
experiment E621 at Fermilab (a
Michigan/Minnesota/Rutgers col-
laboration) has looked for CP vio-
lation through unusual (three pion)
decays of the short-lived neutral
kaon.

W goes West

On March 26, the first candi-
date W particle — the electri-
cally charged carrier of the
weak nuclear force — was
seen in proton-antiproton an-
nihilations at the Fermilab Te-
vatron by the big CDF detec-
tor. The Tevatron's luminosi-
ty figure was about 7 x 10%
cm™2 s™1, about the same as
CERN's collider when the
first-ever W events were re-
corded towards the end of
1982. However the Tevatron
is operating at 1800 GeV col-
lision energy, compared with
540 GeV at CERN in 1982.
The Fermilab ‘new world” W
gives a clean 36 GeV electron
coming out almost perpendi-
cular to the colliding beams.

To make a beam of long-lived
neutral kaons and study their CP-
violating decays is relatively easy
— just sit a long way from the
kaon production target so that all
the short-lived neutral kaons have
gone. For the short-lived variety,
this trick doesn’t work, so CP vio-
lation has to be sought close to
the production target in the delicate
interference effects between the
two kinds of kaons.

A 800 GeV proton beam from
the Tevatron was split into two
and led to two kaon production
targets, one 25 metres upstream
of the other, and the characteristics
(acceptance) of the detector meas-
ured using the almost pure long-
lived kaon decay sample from the
upstream target.

E621 was the first experiment
in the Proton Center beamline at
Fermilab to run using 800 GeV
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Apparatus of the Michigan/Minnesota/
Rutgers experiment at the Fermilab Tevatron
looking for unusual (CP-violating) decays

of short-lived neutral kaons. The upstream
kaon production target allows calibration
measurements using long-lived neutral
kaons. The set-up includes a vacuum decay
region defined by scintillation counters (V1
and S1), 6 multiwire proportional chambers,
a spectrometer magnet, three scintillation
counter hodoscopes, and an array of 86
lead-glass blocks.
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protons. In preparation for the
higher energies, a new focusing
enclosure was built and extensive
modifications were made to the
whole Proton Center beam. The
experimental arrangement con-
sisted of a vacuum decay region
defined by scintillation counters
(run in the vacuum) at both ends,
6 multiwire proportional chambers,
a spectrometer magnet, three ho-
doscopes of scintillation counters,
and an array of 86 lead-glass
blocks.

In 1984, E621 amassed
200 000 three pion events, fol-
lowed in 1985 by 3.2 million more.
Although productive, this second
run was not entirely smooth — part
of the cable from the experiment
to the electronics trailer was struck
by lightning, frying some of the
electronics, and a terrorist wood-
chuck attacked the same cables.

Analysis of the two data sets
proceeds in parallel. About half
the 1984 sample has been pro-
cessed so far, but the characteris-
tic bumps and wiggles of CP vio-
lation have not been found, giving
an upper limit on the relative
strengths of the short-lived and
long-lived kaon decays into three
pions (oppositely charged pair and
a neutral) as about 0.03, a mighty
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improvement on the previous best
limit (0.35).

The trigger used in the 1985
data collection was biased towards
high momentum events, more sen-
sitive to CP violation. This and the
much larger sample should produce
about a ten-fold increase in sensi-
tivity. Theoretical predictions of
the relative strengths of the decays
vary from 0.002 to 0.004.

CERN
Man-sized detector

A new experiment now being pre-
pared for the LEAR Low Energy
Antiproton Ring has a very differ-
ent look about it. Firstly, instead
of using an extracted beam of anti-
protons in the neighbouring exper-
imental hall, JETSET will sit at the
LEAR ring, the proton targets for
the circulating antiprotons coming
from a jet of hydrogen droplets
squirted across the beam pipe.

In addition, the constraints of
the experiment require a very com-
pact ‘man-size’ detector, only
2 metres across, yet providing a
wide range of detector functions.
This is in marked contrast to the

mammoth proportions of other
general-purpose detectors. To
achieve its objectives JETSET has
adopted several new approaches
which its designers believe could
be of interest for experiments at
proposed giant supercolliders
where extrapolations of existing
techniques could lead to ‘dinosaur’
detectors.

A collaboration of CERN, Frei-
burg, Geneva, Genoa, lllinois, Ju-
lich, Minnesota, Oslo, Texas and
Uppsala, JETSET has as its main
physics objectives the study of
the annihilations of protons and
antiprotons at low energies into
pairs of (electrically neutral) phi
mesons and into pairs of short-
lived neutral kaons, using both
polarized (spin-oriented) and unpo-
larized hydrogen gas jets.

The production of pairs of phi
mesons (containing strange quark-
antiquark pairs) from the annihila-
tions of protons and antiprotons
(containing only ‘up’ and ‘down’
quarks and antiquarks) involves
an intermediate state of almost
pure gluons, the carriers of the
inter-quark force. The hope is that
detailed study of the phi pair spec-
tra (deduced from the decay of
each phi into a pair of charged
kaons) will reveal signs of hybrid
states containing gluons in addition
to quarks, or the long awaited
‘glueballs” — particles containing
only gluons. Despite the success
of the (quantum chromodynamics)
field theory of quarks and gluons,
the experimental evidence for
gluons and gluonic particles is still
meagre. LEAR could help since it
provides an intense source of low
energy gluons.

JETSET will also look at annihi-
lations producing two short-lived
neutral kaons (each decaying into
a pair of charged pions). Combined
with information from other LEAR
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experiments studying annihilations
producing pairs of charged kaons,
this will provide significant insights
into the way matter and antimatter
annihilate, still poorly understood.

For this physics, JETSET will
scan the mass energy range be-
tween 2 and 2.4 GeV, corre-
sponding to antiproton beam mo-
menta between 0.6 and 1.9 GeV.
The experiment will search for
resonances of widths between
1 and 200 MeV.

Initially, the hydrogen gas jet
nozzle will produce some 8 x 103
atoms per cm?, so that 4 x 100
antiprotons circulating in LEAR will
give a healthy collision rate
(1 GHz at a peak luminosity
103" cm2 s7"). This, together with
fast (Megahertz) triggering capabil-
ities, gives good sensitivity to rare
and interesting signals. For exam-
ple the phi pair signal, making up
only one interaction in a hundred
thousand, is still expected to reach
a million over a 25 day run.

JETSET's size is dictated by

optimal operation of the gas jet
mechanism, by the limited free
space at the LEAR ring, and by
the need to intercept the low ener-
gy unstable kaons from phi decay
before they in turn disintegrate.

Surrounding the beam pipe will
be a tracker to spot the particles
emerging from the collisions. While
the tracking chambers used in col-
lider detectors extend to a metre
or more around the beam pipe,
the radius of JETSET's tracker is
only 10 cm. The design uses three
layers of silicon microstrips inter-
leaved with ‘straw’ chambers of
the type used widely at the PEP
collider at Stanford.

Silicon microstrips (nowadays
individual chips several centimetres
across contain upwards of a thou-
sand sensitive strips spaced by
25 microns) have already demon-
strated their capabilities in fixed
target experiments searching for
short-lived particles, and their
use is being extended to collider
detectors.
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JETSET's silicon ‘microtracker’
will pick up the points along the
tracks of the emerging particles
for precise measurement of their
momenta.

Between the silicon wafers will
be two arrays, each four layers
deep, of straw chambers to help
pinpoint the hits in the microstrips,
to provide the main input to the
off-line track recognition and to
provide fast triggering information.
These chambers consist of 7 mm
diameter aluminized mylar straws
containing a single 20 micron resis-
tive wire. These are well adapted
to difficult geometries and have
shown themselves to be reliable
and relatively simple to construct.

JETSET must discriminate quick-
ly between pions and kaons. This
will be handled by a 10 cm thick
Ring Imaging Cherenkov (RICH)
counter with liquid freon radiator,
and a fast and compact photosen-
sitive chamber consisting of a mul-
tiwire proportional chamber with
pad readout. The outer surface of
the RICH will be covered with a
fine array of scintillators for trig-
gering.

The initial experiment plans to
include a lead/scintillating fibre
electromagnetic calorimeter and a
solenoid with two separate coils
(for gas jet access). Subsequent
upgrades could include an electro-
magnetic calorimeter using BGO
crystals and a high field super-
conducting solenoid providing
3-6 Tesla.

As LEAR cannot be simul-
taneously optimized for gas jet
running and for extraction of exter-
nal beams, JETSET would need
the machine to itself. First opera-
tion is foreseen for 1990.

The JETSET experiment for the LEAR Low
Energy Antiproton Ring at CERN — a
man-sized detector!
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Trapping nuclei

"Trapped’ particles can be studied
almost at leisure and many accu-
rate measurements made, as long
as the particles are stable. Such
ion traps capture particles using a
suitable arrangement of electric
and magnetic fields. In the Penning
trap, for example, an array of hy-
perbolic electrodes gives an equi-
librium point where the particles
can sit, prevented from slipping
off by a strong axial magnetic field.
These techniques are used in ex-
periments at the LEAR Low Energy
Antiproton Ring to study antipro-
tons (see November 1986 issue,
page 25).

For nuclear physics, isotope trap-
ping permits detailed spectroscopy
and precision measurements. Ex-
tending these studies to rare un-
stable isotopes requires that nuclei
from a suitable source have first
to be isolated, cooled and guided
into the trap.

A team from Mainz (Germany)
and McGill (Canada) working at
CERN's ISOLDE on-line isotope
separator succeeded in loading a
Penning trap with highly unstable
isotopes and measuring their
masses from the cyclotron fre-
quency of the stored ions.

Beams of neutron-deficient stron-
tium and rubidium isotopes with
half-lives down to 3.7 minutes
were supplied by ISOLDE, with
yields up to 10"" ions per second.
A first Penning trap was used to
bunch the continuous ion beam,
and the bunches were electrosta-
tically guided into a second trap.

The cyclotron resonance proper-
ties of these stored ions were ac-
curately measured from their drift
rates in an external magnetic field
after exciting them with 200 milli-
second radiofrequency pulses and
nudging them out of the trap with
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Set-up used at the ISOLDE on-line isotope
separator at CERN to measure the masses
of highly unstable isotopes.
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The method has considerable
potential for further precision
measurements of unstable iso-
topes, picking up mass differences

as small as 250 keV. As well as
isotopes supplied directly by the
separator, the technique could
also be used for daughter nuclei
formed in subsequent decays.
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Physics monitor

Solar neutrinos
Act 2

Two principal players, Gallex and
Icarus, are now preparing for the
second act of the great Solar Neu-
trino mystery, set in the new Gran
Sasso underground Laboratory in
Italy. These experiments could
throw new light on fundamental
physics questions, including our
understanding of the neutrinos
reaching us from the thermonuclear
furnace of the sun’s interior.

These solar neutrinos have sev-
eral physics attractions. After
many decades of study, the enig-
matic neutrino stubbornly refuses
to yield up its secrets. While much
knowledge and understanding has
been accumulated since Wolfgang
Pauli postulated that ‘invisible’
massless particles were carrying
off energy in nuclear beta decay,
many questions remain unan-
swered. Do they have mass? Do
the different neutrino types remain
immutable, or do they mix?

The sun’s collimated beam of
low energy neutrinos traverses a
long distance before reaching a
terrestrial detector, and could
reveal subtle new effects.

Astrophysicists think they under-
stand how the sun burns and con-
fidently point to a ‘Standard Model’
of solar thermonuclear processes.
As a convenient and easily observ-
able star, the sun provides valuable
input for pictures of stellar evolu-
tion.

The initial solar neutrino clues
came in Act 1 of the mystery, a
long monologue for Ray Davies’
epic study set in the Homestake
mine in South Dakota. This moni-
tored neutrino-induced transfor-
mations of chlorine nuclei into ar-
gon in hundreds of tons of chlo-
rine-rich dry cleaning fluid.
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After more than 60 exposures
over fifteen years, this experiment
does not find as many solar neu-
trinos as the standard theory pre-
dicts—hence the ‘solar neutrino
puzzle’.

However physicists are confident
that the sun is pumping out neutri-
nos at the predicted rate. Either
the solar particles are not picked
up by a chlorine-based detector,
or something happens to them
before they reach the earth. Ac-
cording to recent resonant neutrino
oscillation ideas, neutrino types
could change as they pass through
matter, so a detector looking for
a specific neutrino signal might
find something else.

Preparations at CERN for the testing of a
prototype liquid argon chamber for the
Icarus solar neutrino detector to be installed
in the Italian underground Gran Sasso
Laboratory.

(Photo CERN 512.2.87)

The Gallex experiment, a colla-
boration of scientists from Brook-
haven, Heidelberg, Karlsruhe, Sa-
clay, Grenoble, Nice, Milan, Rome
and Rehovot, will use 30 tons of
gallium, better suited than chlorine
to the spectrum of solar neutrinos.
These would be detected radio-
chemically through transitions of
gallium nuclei into germanium, and
the technique was put through its
paces in a pilot study using
1.5 tons of gallium.

Meanwhile a Soviet team is pre-
paring a neutrino experiment using
gallium in a tunnel in the Caucasus.
Ideas on gallium detectors had
been around for some time but
remained a dream until gallium
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*. EUROPEAN SYNCHROTRON

.. RADIATION FACILITY
oc. IN GRENOBLE

0,,

..

ACCELERATOR SCIENTISTS
AND ENGINEERS

The ESRF is a state-of-the-art synchrotron radiation source that will be
builtin Grenoble (France). The facility is dedicated to covering the needs
of the European scientific community in the X-ray part of the electro-
magnetic spectrum.

The accelerator part consists of:

— an 850 metre 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;

— a 400 MeV positron preinjector.

The team in charge of final design and construction of the ESRF is being
completed. Several employment opportunities will be available soon for
young and senior scientists or engineers. The next available positions
are open on Linac — Synchrotron — Radio Frequency — Insertion
Devices — DC and Pulsed Power Supplies.

Relevant experience in hardware design and technology associated
with the components of this type of machine would be appreciated.
Initial salary will depend upon qualifications.

Curriculum vitae, resume of professional experience, brief description
of field of interest and date of availability and names of three referees
should be forwarded, before June 15th to:

The Head of Administration

REF/ASE

European Synchrotron Radiation Facility
BP 220-38043 Grenoble cédex
(France).
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European Organization for Nuclear Research
@ Organisation Européenne pour la Recherche Nucléaire
‘ European Laboratory for Particle Physics

\Z Laboratoire Européen pour la Physique des Particles

The Experimental Physics Division intends to make an
appointment to the position of a

PHYSICIST

in experimental particle physics research. Candidates are
expected to have an excellent record of successful work
in this field, and to have the ability to provide leadership.
Preference will be given to candidates under 38 years of
age. The appointment will be made for a fixed term, and
may subsequently become permanent.

The holder will play an important role in all aspects of the
conception and design of experiments, and of the con-
struction and the operation of detectors, and the devel-
opment of on-line and off-line software and the analysis
of data.

Please send letters of application, including the names of
three referees, list of publications, a brief curriculum vitae
and a brief description of research interests, to the

Leader of the

Experimental Physics Division,
CERN

1211 Geneva 23,

Switzerland

quoting reference EP/RE, before 15.6.87.

UNIVERSITY OF OXFORD

Department of Nuclear Physics

PHYSICST/PROGRAMMER

Research Support Grade 1A
Salary £8.020 — £12,780 (Under Review)

A vacancy exists for a physicist-programmer to
provide softwear support for Nuclear Structure re-
search, including experiment using the Nuclear
Structure Facility at Daresbury. Preference will be
given to candidates with a background in nuclear
physics and/or experience with VAX or GEC com-
puters. The post will be for a three year period in the
first instance.

Applications giving details of qualifications and
experience, and including the names and addres-
ses of two referees, should be sent to

The General Administrator,
Department of Nuclear Physics,
Keble Road,

Oxford OX1 3RH

England

to arrive by 13th May 1987.

ISTITUTO NAZIONALE DI FISICA NUCLEARE
(LN.F.N.)

LABORATORI NAZIONALI DI LEGNARO

TWO POST-DOCTORAL FELLOWSHIPS
IN EXPERIMENTAL NUCLEAR
STRUCTURE PHYSICS

Applications are invited for the above posts which are now
vacant and are funded by the I.N.F.N. for the period 1 October
1987 — 30 September 1988. The fellowships are only open to
non-italian citizens. The deadline for applications is 15 May
1987. The successful candidates will be expected to initiate and
assist with research at the XTU Tandem Van de Graaff, wich is
now operational at the National Laboratories of Legnaro (Pa-
dua).
Applicants are expected to hold a Ph. degree in nuclear structure
physics and should have an aptitude for pursuing research in
experimental physics. The salary will be 24 000 000 italian lire
gross per annum corresponding to 1 600 000 net italian lire per
month, plus travel expenses from home institution to Legnaro
and return.
The cost of medical insurance is charged to students, as well as
for any dependants staying in Italy. Insurance is obligatory either
with a private scheme or through national health insurance which
is equivalent to 7,5 % of gross income, except in the case of
other existing international agreements.
Applications with a full C.V., the names of two referees and
possibly a letter of introduction from a senior scientist should be
sent to:

Prof. Pietro DALPIAZ

Director

Laboratori Nazionali

di Legnaro dell’l.N.F.N.

V. Romea, 4

35020 LEGNARO (Padova) ITALY

Phone: 049/641200
Telex: 430384 LNL |

ZURICH

POSTDOCTORAL RESEARCH
ASSOCIATE

Intermediate Energy Physics

The Institute for Intermediate Energy Physics of the
ETH-Zurich invites application for a postodoctoral
research associate.

This position, which is available immediately, invol-
ves research in few nucleon problems using po-
larized beams and targets at SIN.

Candidates should have experience in intermediate
energy or nuclear physics using fast electronics and
computers (PDP 11, VAX).

The position will be for three years with the possi-
bility of a renewal.

Interested candidates should send their resume
and arrange to have two letters of recommendation
sent to

Professor W. Grlebler,
Institute for

Intermediate Energy Physics,
ETH-Honggerberg,

CH-8093 Ziirich,
Switzerland.
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technology began to develop.

The Icarus experiment led by
Carlo Rubbia will use an imaging
detector using 6500 tons of liquid
argon to look at, among other
things, neutrino-induced events.
These will be of two kinds—nu-
clear absorption producing recoil
electrons, and direct scattering off
‘electrons. :

If the standard model of the sun
is correct and the neutrinos are
unaffected by their passage
through the solar interior, several
thousand detectable neutrino-elec-
tron scatterings per year should
be produced, so that incisive re-
sults should emerge relatively
quickly, revealing basic neutrino
information such as mixing levels
and mass differences.

Work is underway at CERN to
complete testing of a prototype
liquid argon detector.

Looking
for new physics

Deep insights from powerful new
theories can give the impression
that physics is all understood. Such
complacency was swept aside at

a recent workshop in the Moriond
series, held earlier this year in the
French alpine station of Les Arcs,
where attention focused on the
search for new and exotic physics.
With the Moriond tradition of brief
presentations, there was no short-
age of physics candidates. They
ranged from phenomena still recon-
cilable with today’s Standard Mod-
el — neutrino masses, violation of
combined charge conjugation and
mirror (CP) symmetry — to more
unconventional possibilities, includ-
ing new forces and departures
from long cherished Newtonian
ideas.

CERN Courier, May 1987

In tests of the basic symmetries
of physics, searches for time rev-
ersal non-invariance (so that action

-replays of particle interactions

could not be run backwards) con-
tinue in atomic physics (testing
electric dipole moments of atoms:
the present limits of 1026 e.cm
could be extended out to 10-33)
and nuclear physics (neutron elec-
tric dipole moment measurements
at the Institut Laue-Langevin, Gre-
noble and resonant neutron scat-
tering correlations at Leningrad).

A whole day at the workshop
was given over to very high energy
gamma ray (photon) sources from
outer space (reviewed by D. Fegan
of Dublin) and to muon detection
underground, and their possible
correlation. The muon signals seen
in different experiments (reviewed
by G. Chardin of Saclay) seem to
need a time label. T. Stanev of
Delaware maintained that the ex-
treme energy gammas from Cyg-
nus X-3 remain a challenge, and
transient bursts have been seen
in other sources. To settle the
point, contributions from improved
detectors will be welcome.

Confronting a fifth force at Moriond — left
to right, standing, Riley Newman (Irvine),
John Moffat (Toronto), Frank Stacey
(Queensland); seated, Peter Thieberger
(Brookhaven), Frederick Raab (Washington)
and Ephraim Fischbach (Purdue).

(Photo Pascal Dolémieux)

The astrophysical evidence for
‘dark matter’ inert material making
up the bulk of the universe — is
overwhelming (M. Lachieze Rey of
Saclay), and a new effort is being
mounted to detect it, whatever it
might be — weakly interacting
massive particles (WIMPS), neutri-
nos, axions, strongly interacting
particles,...... The new experiments
(covered by P. Smith of Rutherford
Appleton and B. Sadoulet of Ber-
keley) now being built will need a
few years before they produce
results. Recent alternative explana-
tions of dark matter in terms of
modifications to Newtonian me-
chanics at extragalactic scales
seem ruled out by cosmological
data (T. Jolicceur of Saclay).

Controversy still rages on limits
for the mass of the electron-type
neutrino. New limits on double
beta decay seem to rule out recent
newspaper reports of a new
particle.

A. Smirnov from the Soviet
Union described new oscillation
calculations with implications for
solar neutrinos. Another possible
explanation for the missing solar
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neutrinos is provided by having
WIMPs in the sun’s interior.
WIMPs could also explain the ob-
served pressure modes of the sun
(C. Frohlich).

Gallium detectors are now being
constructed to attack the solar
neutrino question (see previous
article). S. P. Mikheyev described
limits on the flux of atmospheric
neutrinos above 30 MeV measured
at Baksan in the Soviet Union, one-
third the level of the classic Brook-
haven (chlorine) solar neutrino
study. Other solar neutrino detec-
tors were also described.

Roberto Peccei reviewed
searches for new particles and
exotica — superheavy atoms,
quarks, magnetic monopoles, self-
charge conjugate (Majorana) neu-
trinos, axions, etc.

The monoenergetic positron
emission seen in heavy ion colli-
sions at Darmstadt (see April 1986
issue, page 22) has been con-
firmed for a variety of nuclei, and
there has been much discussion
of a neutral 1.8 MeV particle. This
was not seen in a beam dump
experiment at the big Stanford
linac.

Another talking point was Bjork-
en’s contention that the Higgs me-
chanism in the electroweak picture
(which accounts for the different
behaviour of electromagnetic and
weak nuclear forces) could be
called a ‘fifth force’, rivalling the
other forces in its complexity.

Finally, a whole day was given
over to searches for violations of
Newtonian mechanics (‘who’s
afraid of Isaac Newton?’ challenged
Alvaro de Rujula), where there have
been suggestions that geophysical
gravity measurements can differ
from those in the laboratory. Sev-
eral new results have appeared,
but the situation remains unsettied
pending further results. Two new
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experiments also plan to measure
the pull (or push?) of gravity on
antiparticles—positrons (W. Fair-
bank) and antiprotons at LEAR.

From G. Fontaine and L. Oliver

Louis de Broglie 1892-1987

People
and things

Louis de Broglie

One of the few remaining links
with the birth of quantum mechan-
ics was broken when Louis de
Broglie died in March at the age
of 94. By the early 1920s, the
photoelectric and Compton effects
had demonstrated the particle pro-
perties of radiation, and de Broglie
in his 1924 thesis ‘Recherches sur
la théorie des quanta’ postulated
that particles should have wave
properties. Electron diffraction was
discovered soon afterwards, and
the stage was set for modern
quantum mechanics. De Broglie
received the physics Nobel Prize
in 1929.

His message to the European
Cultural Conference in Lausanne
in 1949 called for the establish-
ment of a Laboratory where Euro-
pean States could collaborate in
research beyond the means of
individual nations. From this germ
of an idea CERN was to grow.

UK Institute of Physics Awards

Among the recipients of UK Insti-
tute of Physics Awards this year
are two former chairmen of the
UK Science Research Council (now
the Science and Engineering Re-
search Council); Lord (Brian) Flow-
ers (1967-73) receives the Glaze-
brook Prize and Sir Sam Edwards
(1973-77) the Guthrie Prize. In
addition, Michael Green of Lon-
don’s Queen Mary College is
awarded the Maxwell Prize for his
major contributions to supersym-
metric string theories, and Stephen
Hawking of Cambridge the Paul
Dirac Prize for his many outstand-
ing contributions to cosmological
theory.
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On 27 March, electrons (left) and positrons
were brought together for the first time in
the new SLC Stanford Linear Collider.

Fermilab reorganization

Following a five-year stint as Head
of Fermilab’s Accelerator Division
J. Ritchie Orr has joined the Tech-
nical Support Section where he
will be involved in the Laboratory’s
work for the proposed US Super-
conducting Supercollider (SSC).
Helen Edwards, formerly Deputy
Head of the Accelerator Division,
becomes Head of the Division.
John Peoples, formerly Head of
the Antiproton Source Department,
replaces Helen Edwards as Deputy
Head of the Accelerator Division.
Gerald Dugan leaves his position
as Head of Accelerator Systems
for the Antiproton Source to take
on Peoples’ former responsibilities.
Charles Ankenbrandt becomes
Head of the Accelerator Theory
Department, while former Head
Lee Teng joins the team designing
a prototype medical proton-therapy
accelerator for Loma Linda Univer-
sity Medical Center (see December
1986 issue, page 5).

IUPAP General Assembly

The XIX General Assembly of the
International Union of Pure and
Applied Physics (IUPAP) is to be
held at the US National Academy

of Sciences, Washington DC, from

29 September - 3 October. The

theme of the scientific programme

will be ‘Physics in a Technological
World’, reflecting the IUPAP Gen-
eral Council’s aim of emphasizing
the role of industrial physics and
improving relations between indus-
trial and academic physics. This
IUPAP event will be concurrent
with the annual meeting of the
Corporate Associates of the Amer-
ican Institute of Physics.
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Stanford Collider
milestone

On 27 March, 47 GeV beams
of electrons and positrons
reached the interaction point
of the new Stanford Linear
Collider (SLC) on the same
machine pulse (simultaneous-
ly). The Mark Il detector will

~shortly move into the beams,
and work in the meantime
has concentrated on reducing
the beamspot size, increasing
the positron intensity, and
many other refinements to
ensure stable and efficient
operation.

Advanced accelerator course

The CERN Accelerator School is or-
ganizing in collaboration with BES-
SY (the Berlin electron synchrotron
radiation centre) the second of its
biennial two-week courses on ad-
vanced accelerator physics. It will
take place in West Berlin from 14-
25 September. Further information
from Mrs. S. von Wartburg, CERN
Accelerator School, CERN, 1211
Geneva 23, Switzerland. Closing
date is 1 June.
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UNIVERSITY OF OXFORD

Department of Nuclear Physics

Applied Physicist/Engineer
Research Support Grade 1A
Salary £9,305 — £14,825

A vacancy exists for an applied physicist/engineer
to work on the design and development of a wide
range of detector projects associated with experi-
ments in Nuclear and Particle Physics. Applicants
should be qualified to degree standard or the equi-
valent, and have experience and/or interest in low
density high precision structures, high electric field
problems or high purity gas techniques.

The appointment will be for a three year period in
the first instance. Applications, giving details of
qualifications and experience, and including the
names and addresses of two referees, should be
sent to

The General Administrator,

Department of Nuclear Physics,

Keble Road,

Oxford, OX1 3RH

England

to arrive by 13th May 1987

FACILITY OPERATIONS
MANAGER

The Department of Physics at the University of lllinois at Urbana-Cham-
paign has extended the deadline for applications for the Facility Opera-
tions Manager position in its Nuclear Physics Laboratory.
The successful applicant will be responsible for managing the day-to-day
operation of our 100 MeV, 10 microamp, 100 % duty factor electron
accelerator, its associated experimental facilities, and its technical sup-
port services. These services include an electronics shop, a machine
shop, and drafting facilities. Our present accelerator is a 9-pass micro-
tron. A proposal for the construction of a new accelerator at lllinois (450
MeV, 100 microamp, 100 % duty factor) is pending before the NSF.
The Manager will have a major role in the development, construction, and
operation of this new facility.
We seek an individual with technical expertise and aptitude, good judg-
ment, and good management skills. Two (2) years of experience in
management at a large-scale accelerator or similar highly technical facility
is highly desirable. Minimum qualifications include an undergraduate
degree in engineering or physical science. This is a full-time position on
the UIUC academic professional staff. Salary will be competitive, depend-
ing on training and experience.
The starting date is Summer of 1987.
For full consideration, applications should be receveid by July 1, 1987.
Interviews may take place prior to the applications deadline; no final
decision, however, will be made until after that date.
For technical information, contact Professor Robert A. Eisenstein, Nu-
clear Physics Laboratory, University of lllinois at Urbana-Champaign, 23
Stadium Drive, Champaign, lllinois, 61820. USA. Telephone 217/333-
3190.
To apply, please send resumes and the names of three references to

Mr. Raymond F. Borelli (NFOM),

Department of Physics,

University of lllinois at Urbana-Champaign,

1110 West Green Street,

Urbana, lllinois, 61801, USA.

Telephone 217/333-0570.

The University of lllinois is an Affirmative Action/Equal Opportunity
Employer.

ISTITUTO NAZIONALE DI FISICA NUCLEARE
(LN.F.N.)

TWO POST-DOCTORAL FELLOWSHIP
IN EXPERIMENTAL PHYSICS

in accelerator physics

for non-italian applicants only. The duration of the fel-
lowship is one year to be spent at the I.N.F.N. Laboratori
Nazionali di Frascati, FRASCATI (Rome) Italy.

The salary will be 24 000 000 ltalian lire gross per annum
correspondingto 1 600 000 net Italian lire per month plus
travel expenses from home institution to Frascati and
return.

Applications are invited from accelerator physicists, to
participate in the development programs on exist-
ing machines (350 MeV ez Linac and 1.5 GeV storage
ring ADONE) and in the design of new facilities (supercon-
ducting R.F. cavities, single pass FEL experiments).

The application deadline is May 15, 1987.

Applicants should submit a curriculum vitae, including a
list of publications and three letters of reference.

Send applications and requests for further information
to:

Prof. Sergio Tazzari,

Director of the

Laboratori Nazionali di Frascati,

Via E. Fermi,

40 — 00044 FRASCATI (Rome)

ITALY.

Advertisements in CERN COURIER

Format A4 Monthly publication
All advertisements are published in both English and French
editions. Second language versions accepted without extra
charge.

Cost per insertion (Swiss Francs)
Space Actual size (mm)
(page) | width by height 1 3 . 5 10

insertion | insertions | insertions | insertions

/4 185 x 265 1950 1870 1800 1700
185x 130

/2 90 x 265 1150 1080 1020 940

a 90x 130 680 620 580 540

These prices include no entitlement to special placing.

Supplement for:
— one additional colour 1500 SwF

— Covers:

Covers 2 and 3 (one colour) 2000 SwF

Cover 4 (one colour) 2500 SwF

Publication date 1st of month of cover date:
Closing date for

positive films and copy 1st of month preceding cover date

The cost of making films and of
translation for advertisements are
charged in addition.

Screen (offset) 60 or 54 Swiss (150 English)
Advertisements cancelled after 1st
of month preceding cover date will
be invoiced.

These rates are effective for the year 1987.

All enquiries to:

Micheline FALCIOLA / CERN COURIER - CERN
CH-1211 Geneva 23 Switzerland
Tel. (022) 834103 Telex2 3698
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Portugal at CERN

19 — 22 May 1987
Bldg 60, 1st floor
with the participation of the following firms:

ARSOPI — Indistrias Metalirgicas Arlindo S. Pinho, Lda

Apartado 10
P-3731 — VALE DE CAMBRA Codex
Tel.: 056.42 511 Telex: 22568 arsopi p

e Equipment for process industry e Industrial fittings and dish-
ed ends e Stainless and heatproof steel foundry

EFACEC — Empresa Fabril de Maquinas Eléctricas, SA

Rua Rodrigo da Fonseca, 76 — 3°
P-1002 — LISBOA Codex
Tel.: 01.630 161

e Electric motors, industrial process ventilators, pumps for
industry, power and distribution transformers, industrial e elec-
tronics, industrial data processing, industrial robotics, industrial
automation.

Telex: 12124 efalis p

FNAC — Fabrica Nacional de Ar Condicionado U.C.R.L.

Estrada da Outorela, Lotes 20 e 21
Carnaxide

P-2795 — LINDA-A-VELHA
Tel.: 01.218 33 67/8/9/70

e Room air conditioners @ Horizontal and vertical air cooled or
self-contained air cooled units ® Vertical self contained water
cooled units @ Air handling units, etc.

Telex: 18276 arfnac p

MAGUE — Construgées Metalomecanicas Mague, SARL

Estrada Nacional 10
P-2616 ALVERCA Codex

Tel.: 01. 2582040 Telex: 12642 mague p

e Lifting and handling equipment ® Power production equip-
ment @ industrial plants and equipment ® Erection works

SEPSA - Sociedade de Construgdes Electro-Mecanicas, SARL

Apartado 8

LECA DO BALIO

P-4466 — S. MAMEDE DE INFESTA Codex

Tel.: 02. 951 16 16 Telex: 22 616 sepsa p

e Lifting and handling equipment ® Power production equipment
e Industrial plants and equipment @ Erection works @ Railway
wagons @ Structural steel work @ Electrical machines (hydroge-
nerators, turbo-generators, generators, synchronous and induc-
tion motors, etc.)

SOREFAME — Sociedades Reunidas de Fabricagdes Metalicas,
SARL

Apartado 5

P-2701 — AMADORA Codex

Tel.: 01.976051/97 87 30 Telex: 12608/16101 sorfam p
Telefax: 01. 97 98 35

e Hydromechanical equipment, electromechanical equipment,
power stations, all kinds of structures

Organized by:
ICEP — Instituto do Comércio Externo de Portugal

Av. 5 de Outubro, 101
P-1000 — LISBOA
Tel.: 01. 730103

and the Swiss branch:
0.C.P. — Office Commercial du Portugal

50, Quai Gustave Ador
CH-1207 — GENEVA
Tel.: 022/3574 10

Telex: 16498 icep p

Telex: 27709 icep ch

ISTITUTO NAZIONALE DI FISICA NUCLEARE
(IN.F.N.)

TWO POST-DOCTORAL FELLOWSHIPS
IN EXPERIMENTAL PHYSICS

For one year, starting November 1987, for non-ltalian
citizens. The successfull applicants can pursue their re-
search at the National Southern Laboratory (Catania)
of LN.F.N.

The applicants will be engaged in activities connected .

with the preparation of the experiments in nuclear phy-
sics, and the activities of the development programs of
the machines in the National Southern Laboratory (Cata-
nia).

The annual gross salary will be 24 000 000 italian lire,
corresponding to 1 600 000 net italian lire each month,
plus travel expenses from home institution to Laboratory
and return.

The application deadline is May 15, 1987.

Applicants should submit a curriculum vitae, including a
list of publications and three letters of reference.

Send applications and request for further information
to:

Prof. Nicola CABIBBO,

President National Institute

of Nuclear Physics (INFN)

Casella Postale 56

00044 FRASCATI (Rome) ITALY

Phone: 06/940 3437 Telex: 614291
Telefax: 9424125

UNIVERSITY OF OXFORD

Department of Nuclear Physics

REAL TIME PROGRAMMER

Salary £9.305 — £14,825 per annum

A vacancy exists in the Particle Physics group for
an on-line programmer to work on the design and
implementation of large scale data acquisition sys-
tems for experiments at CERN and DESY. This will
involve programming in Fortran, Pascal and C, and
assisting the development of specialised hardware
modules. The system will be based on a network of
VAXs connected to FASTBUS or VME-based data
acquisition front ends containing embedded high
performance micros.

The post will be for a three year period in the first
instance, in Research Support Grade 1A. Applica-
tions giving details of qualifications and experien-
ce, and including the names and addresses of two
referees, should be sent to

The General Administrator,
Department of Nuclear Physics,
Keble Road,

Oxford OX1 3RH

England

to arrive by 13th May 1987.
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