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Cover photograph:

The recent discovery of a giant arc in the galaxy cluster Abell 370 {lower
centre, superimposed with a large central 'blob’) suggests that the
central cluster acts as a ‘gravitational lens’ amplifying and imaging the
signals from fainter, more distant objects. This was discussed at a
recent particle physics/cosmology/astrophysics meeting in Bologna
{see page 1). This photograph s a further look at the cluster, usinga CCD
(charge-coupled device) camera at the 3.6 metre Canada/France/Ha-
waii telescope, bringing hints of even more distant galaxies (Bernard
Fort — European Southern Observatory).



* Easy service and currents

No new cabling in case of service, when

fan unit or power supply are exchanged.
’ R £ Fan control

*
*
* Independent bin "
* Rigid mechanics %
* Direct access to J2/P2

19" width, 8U, 400mm depth;
incl. power supply tray and fan tray

power supply

*
*

*

21 slots
1 VME backplane with up to
21 slots - €& L s ] o\

ey, FEC

* 2 active or passive terminators

* Power supply 300W

+5V/60A, + 12V/4A, - 12V/4A %14 425 20000
Gyt @ L G e
* 4+ SV/I00A, + 12V/8A, - 12V/8A (L)

CF> BERGOZ
Tel. (50) 410089

or other high power versions TRONCS
* VME 1/O backplane R T iS50z 3ssse
GRAFINA, S.A.

* Benchtop case 9U Tel. (33) 2010044

STR700  7he VME-Crate without any ifs and buts

* Unconditional modularity * Display for all voltages
Status and fan fail display

A.C. fail signal output -
Fan fail and power fail disable I

System reset pushbutton
* High and low fan speed

Leeme)

s -

@ ANTARES AG

Tel. 056 823783
@ ELESYS
Tel. 06 897794

RAYONICS SCIENTIFIC INC

Tel. 416—736-1600

OPNCAL SYSTEMS LTD

Tel. 9023033-39

@ GUNNAR PETTERSON AB
Tel. 08 330 80

D -2000 TANGSTEDT * P.O.Box 1147 * W-GERMANY

Telefon: (04109) 55 - 0 Telefax: (04109) 5533

connecteurs et adaptateurs
atténuateurs et antennes artificielles
commutateurs coaxiaux et matrices
coupleurs directionnels

filtres HF

ventilateurs de puissance

composants pour guides dondes

Telex: 2 180 715 tegs

} CH-3063 litigen, Case postale  Représentation
Teléphone 031 589011 générale et service
Telex 911759 pour la Suisse

Télécommunication SA

STR700

ENTWICKLUNG
VERTRIEB
FASTBUS
BERATUNG
HERSTELLUNG

DR. B. STRUCK

MORE THAN A GOOD LINK




© 1987, Hamamatsu Corporation

CERN Courier, July/August 1988

law Detectors.

Exhibiting the.superior sensitivity, magnetic
immunity and response speed required for
detection of elementary particles, Hamamatsu
Photomultiplier Tubes are at the very center of
high energy physics. Providing us with glimpses
of theoretical conditions that existed at the
beginning of the universe, and new insights into
the physical laws governing nature.

Boasting a gain of 2.3x10%at 10kG and a.92ns
transit time, our 2 inch diameter H2520 and H2611
PMT assemblies are ideally suited for high
magnetic environments of 1200 gauss and
beyond. While our R2486 and R2487 tubes
can detect minute differences in incident
light positions by means of a simple signal
processing system. And all are brought
to you by Hamamatsu, a world leader in
photonics service, quality and technology.

Deducing truth by detecting
particles in flight. it's just another
example of our ongoing commit-
ment to help you see the light.

For application information,
Call 800-524-0504;
201-231-0960 in New Jersey.

HAMAMATSU

HAMAMATSU CORPORATION » 360 FOOTHILL ROAD, P. O. BOX 6910, BRIDGEWATER, NJ 08807 « PHONE: 201/231-0960

UNITED KINGDOM: Hakuto International (UK) Ltd. (phone: 0992-769090) « FRANCE ! Hamamarsu Photonics France (phone: 46 55 47 58)
ITALY: Hesa S. P. A. (phone: [02] 34.92.679) « W. GERMANY: } Photonics De GmbH (phone: 08152-375-0)
SWEDEN, NORWAY, FINLAND, DENMARK: Lambda Electronics AB (phone: 08- 620(‘70) * JAPAN: Hamamatsu Photonics K. K.




10.001 E

ader for
High Voltage

Concerned in the case of this com-
ponent is a voltage divider for the
pilot experiment of «<LEP-DELPHI»
resp. BARREL RICH.
Entire component from outside
with visible electrode no. 30,
@ Enlarged section through the
electrode parts.
In a series of preliminary development
stages it has been successful,
to break down a defined voltage of
210 KV over 30 graded built-in
electrodes.
Isoiatmg distance between the elec-
trodes is 0.7 mm.
The entire component was produced
by the high-vacuum process.

Stesalit AG

Kunststoffwerk

CH-4234 Zullwil/SO '
Tel. 061/80 06 01, tfx 061/80 06 04, tx 963 182




Making physics

The stellar death throes of super-
novae have been seen and admired
since time immemorial. However
last year's (1987A, May 1987 is-
sue, page 1} was the first to come
under the combined scrutiny of
space-borne radiation detectors
and underground neutrino monitors
as well as terrestrial optical tele-
scopes and even gravity wave an-
"tennae. The remarkable results un-
derline the power of modern phy-
sics to explain and interrelate pro-
cesses in the furthest reaches of
the cosmos and the deep interior
of nuclear particles.

In recent years this common
ground between 'Big Bang’ cosmo-
logy and particle physics has been
regularly trodden and retrodden in
the light of fresh new insights and
new experimental results, and
thinking has steadily converged. In
1983, the first Symposium on
Astronomy, Cosmology and Funda-
mental Physics, organized by CERN
and the European Southern Obser-
vatory (ESO), was full of optimism,
with new ideas (‘inflation’) to ex-
plain how the relatively small vari-
ations in the structure of the Uni-
verse could have arisen through the
quantum structure of the initial ca-
taclysm.

In 1986, the second Symposium
paused for reflection in the light of
new results from satellite-borne ex-
periments, showing new evidence
for large-scale asymmetries in the
universal distribution of galaxies,
tying in with a curious directional
effect in the microwave back-
ground radiation (the fossil relic of
the Big Bang).

The third Symposium, held in
Bologna in May to coincide with
the celebrations of the university's
900th anniversary, hinted at a
further new threshold in under-
standing. Fundamental theorists,
looking at physics on the widest
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scale, need theories encompassing
all the forces of Nature.

Although the confirmation of the
‘electroweak’ unification of electro-
magnetism with the weak nuclear
force by experiments at CERN in
1983 was a major step forward,
fundamental theorists also need to
bring in the strong nuclear force —
inter-quark attractions — into the
picture, not to mention the classic
enigma of gravity, the dominating
factor in the large-scale structure of
the Universe.

After many years of ups and
downs, with fundamental theorists
often more concerned with detailed
mathematics than with reality, Di-
mitri Nanopoulos of Madison (Wis-
consin) came to Bologna with
"stunning’ developments to report.

Universal theories first have to
synthesize electroweak and quark
effects, not conceptually difficult as
the electroweak picture has shown

more fundamental

Bologna’s Palazzo Re Enzo was the historic
setting for this year's CERN/European Sou-
thern Observatory (ESO) Symposium on
Astronomy, Cosmology and Fundamental
Physics.

the way, but an awesome dimen-
sional gap has somehow to be
bridged. To sugar this bitter pill
and to open the door to gravity,
theorists turned to new ideas. 'Su-
perstrings’ use one-dimensional
strings rather than infinitesimal
points as the pawns of the game.
The other unorthodox step involves
abandoning the ‘classical’ view of
particles as either ‘fermions’ —
carrying half units of spin angular
momentum and obeying the fa-
mous Pauli Exclusion Principle —
and ‘bosons’ — integer spins with
no guantum occupancy restrictions.
In supersymmetry, each fermion is
allocated a boson partner and vice
versa. Doubling the number of par-
ticles in this way opens new ma-
thematical avenues, and although
no supersymmetric particle partn-
ers have been seen so far, this
flexibility gives physics scope too.
Hitherto devoid of predictive



Dimitri Nanopoulos — ‘stunning’ new results.

power, this superstring approach
has been dogged by problems of
too many dimensions, requiring all
sorts of ‘compactification’ dodges
to somehow map ultra-dimensional
worlds onto the modest four dim-
ensions that we know. However
new approaches to invariance and
consistency have shown how to
build four-dimensional superstring
pictures, and using an alternative
method of embedding the unifica-
tion of electroweak and quark
forces, real results seem to follow.
Nanopoulos startled his Bologna
audience with theorists’ predictions
of the mass of the unseen sixth
('top’) quark in the range 70-90
GeV (in line with experiments so
far), while the "heavy’ tau- and
muon-type neutrinos are attributed
with masses of a few electron-
volts, and the light electron-type
version could weigh as little as
108 electronvolts, small to be
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detected directly but still full of
cosmological import.

Ten years ago, before the elec-
troweak unification had even been
confirmed, bold theorists were toy-
ing with the unification of the elec-
troweak and quark sectors, pre-
dicting that the proton would be
unstable. At some 1032 years, this
lifetime dwarfed even the esti-
mated age of the Universe (conven-
tionally measured in Giga — 109 —
years), but no problem to accom-
modate with so many protons
available.

In three continents, new under-
ground experiments were built or
existing ones modified to provide
the intense shielding from random
cosmic rays to search for nucleon
{proton) decay. However no con-
vincing evidence for proton decay
has been seen in many years of pa-
tient search, and the proton has
been given a new lease of life.

The new formulation of unified
theory now predicts a proton life-
time of some 103% years, holding
out new hope for the next genera-

.tion of bigger underground detec-

tors. With no positive evidence to
report, Nucleon Decay (ND)
searches had reconfigured as Neu-
trino Detectors, and the neutrino
sighting from last year's supernova
was cynically heralded as one of
the greatest success of the old the-
ory of electroweak/quark force uni-
fication. With the unstable proton
now back on the theoretical map,
and with big new underground de-
tectors being prepared or pro-
posed, the ND label could revert to
nucleons.

However these stimulating new
ideas are still highly speculative and
could yet evaporate as quickly as
their predecessors. The front line
of established physics is still the
‘Standard Model” — a loose combi-
nation of the electroweak picture

with the field theory of inter-quark
forces (quantum chromodynamics
— QCD). Roberto Peccei of DESY
reviewed the latest experimental
results, where evidence for just
three types of neutrinos continues
to accumulate, and where insights
from experiments at the CERN pro-
ton-antiproton.collider firmly put
the mass of the top quark at above
70 GeV.

Impressive, according to Peccei,
is the way detailed (radiative) elec-
troweak effects can now hone re-
sults, showing excellent agreement
between the electroweak paramet-
ers measured in fixed target and
colliding beam experiments. Con-
sistency arguments based on these
calculations show the top quark to
be lighter than about 200 GeV,
providing a useful upper limit.

Although the sixth quark remains
aloof, there is “excellent indirect
evidence’, Peccei assured. The
subtle asymmetries seen in elec-
tron-positron annihilation show that
the fifth ("beauty’ or 'bottom’ — b)
quark must have a partner.

Peccei explored the {Cabibbo-
Kobayashi-Maskawa) matrix relat-
ing quark and weak nuclear interac-
tion parameters (see page 7),
showing how some parameters are
in good shape, others less certain.

Supernova

After the initial formation (primor-
dial nucleosynthesis) of light ele-
ments in the Big Bang, heavier ma-
terial is believed to have been
cooked in the fiery interior of su-
pernova explosions. A special ses-
sion at the Bologna symposium
was given over to the 1987A su-
pernova, now well over a year old.
Former ESO Director L. Woltjer
showed how the progressive dim-
ming of the supernova reflects the
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radioactive processes at work in
the core, with nickel, then cobalt
being produced. About 6-7 per
cent of a solar mass of iron looks
to be the outcome, and when mul-
tiplied by the estimated number of
such supernovas to have occurred
in the history of the Universe, ties
in well with the natural abundance
of iron, the most stable nucleus,
providing a startling bridge be-
tween nuclear physics and cosmo-
logy.

Complementing the optical track-
ing of the supernova were results
from neutrino (M. Koshiba} and X-
ray (Y. Tanaka, J. Trumper) sight-
ings. The neutrino results provide a
good test of basic neutrino para-
meters, while a marked two-fold X-
ray spectrum (hard and soft com-
ponents) needs explanation.

Wolfgang Hillebrandt of Garching
showed how theoretical under-
standing of the 1987A supernova
is assisted as this time the progeni-
tor star of the explosion is known,
although the picture is still far from
complete {‘weather forecasts are
always difficult’).

Another intriguing supernova ef-
fect is the report by the Rome
group operating a 2300 kilogram
gravity wave detector of corre-
lations between impulses recorded
in their apparatus (and in the Mary-
land, US, instrument) and neutrino
signals from the detector in the
Mont Blanc tunnel.

Astrophysics

In contrast with Peccei’s rich har-
vest of particle physics data, Alan
Dressler of California’s Mount Wil-
son Observatory added the latest
chapter in the painfully slow deter-
mination of basic cosmological pa-
rameters. In the late 1920s, Edwin
Hubble opened a new era in cos-
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Close analysis of slices of the sky shows
how clusters of galaxies seem to lie in

‘sheets’ and filaments’.

(Margaret Geller)

1067 galaxies

right ascension

velocity (km/s)

mology with his discovery that
stars recede at a rate proportional
to their distance.

The proportionality (the Hubble
constant) has moved over the
years as observational astronomy
has improved, but with star bright-
ness and distances difficult to
quantify, stubbornly refuses to be
fixed. However when local vari-
ations are added to the main Hub-
ble flow, Dressler showed how the
picture looks tidier, with less scat-
ter between different observations.

With an expanding Universe, one
question is whether it can continue
to expand, or whether there is
enough gravitational interattraction
between matter for it one day to
reach some critical limit and be-
come ‘flat’. While there is lots of
prejudice supporting this idea,
“there is lots of evidence against
it,” remarked Dressler.

Margaret Geller showed remark-

able large-scale structure in the dis-
tribution of luminous matter. Look-
ing at slices of the sky ('red-shift
surveys’), the clusters and "super-
clusters’ of visible galaxies seem to
lie in ‘filaments’ or "sheets’, with
intervening voids, themselves ex-
panding at thousands of kilometres
per second. Analysis of neighbour-
ing slices shows clearly that these
structures are real, and not just
some statistical accident. Explain-
ing such marked effects by gravity
alone is not straightforward, leav-
ing loopholes for additional "explo-
sive’ forces.

Bruce Partridge of Haverford Col-
lege took a hard look at the micro-
wave background radiation, the
thermal vestige of the Big Bang. Di-
pole asymmetries in the observed
pattern of radiation point to local
motion, with no comparable qua-
drupole effect to suggest direction-
al matter expansion as the culprit.
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The remaining signal is uniform to
less than one part in a thousand
over a wide range of wavelengths,
but Alexei Starobinsky of Mos-
cow'’s Landau Institute preferred to
wait for measurements from new
Soviet space studies probing down
to one part per million. In his talk,
Starobinsky pointed out the range
of 'inflation’ theories now on the
market.

Recent rocket-borne studies
looking at sub-millimetre wave-
lengths see a marked effect, which
could be a distortion in the micro-
wave radiation itself or the onset of
a new signal from rapidly receding
intergalactic dust, nothing directly
to do with the Big Bang.

Nostalgia came from Fred Hoyle,
once an advocate of the 'Steady
State’ picture of the Universe, now
abandoned in favour of the Big
Bang idea. Had this never hap-
pened, he pointed out that the new
information gathered in the mean-
time might have made it more diffi-
cult to revoke the Steady State
ideal.

More light on dark matter

More than half a century ago, ana-
lysis of stellar motion and the visi-
ble distribution of galactic matter
first showed a basic incompatibility
— more matter is required than
meets the eye. The concept of invi-
sible "dark matter’ was born. More
support came from Big Bang calcu-
lations of nuclear synthesis.

New ideas (April issue, page 25)
have provided a new scenario
which lessened the need for 90 per
cent of the Universe to be invisible,

Former CERN Director-General Leon Van
Hove received an honorary.doctorate from
the 900-year old Bologna University at a
ceremony marking the end of the ESO/CERN
Symposium. Former ESO Director L. Woltjer
was also honoured.
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The CERN portion of the public exhibition
held in parallel with the Symposium.




Participants at the ESO/CERN Symposium
pose in front of the CERN bubble chamber
mosaic, part of the exhibition organized in
parallel with the meeting.

but at Bologna Paris astrophysicist
Hubert Reeves pointed out incom-
patibilities with the observed levels
of lithium-7.

Cambridge astronomer D. Lynd-
en-Bell was "sceptical’ of measured
light element levels. He also under-
lined differences in the matter dis-
tributions measured optically and
through the IRAS infra-red astrono-
my satellite. While the optical re-
sults need dark matter support, the
infra-red data taken at face value
might not. Rather than using this as
evidence against dark matter,
Lynden-Bell pointed out the inher-
ent difficulties (‘'underclustering’) in
infra-red source counting.

Chicago astrophysicist Michael
Turner surveyed the candidate list
for the missing 90 per cent of the
Universe. 'Even if you buy the idea
of all baryons, where do you put
them?’ he challenged. Neutrinos
figured high on Turner's list, an al-
ternative not viewed as too exotic
by symposium summarizer Leon
Van Hove of CERN.

New hope for revealing matter in
the outlying regions of the Universe
came from B. Fort of ESO, showing
how rich clusters of galaxies can
act as natural "gravitational tele-
scopes’ to amplify and image the
faint light from more distant ob-
jects. After initial investigations,
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further careful analysis has picked
out extremely faint contributions
due to additional star-forming gal-
axies far beyond the usual range of
vision.

For particle physics, Fermilab Di-
rector Leon Lederman sketched the
range of experiments in progress
or in preparation at his Laboratory,
while Enrico Bellotti outlined the
physics studies being readied at
the new ltalian Gran Sasso under-
ground Laboratory.

The cosmic scope of particle
physics ideas was indicated by Ab-
dus Salam in his introduction,
chaired by Bruno Pontecorvo, and
underlined by summarizer Leon Van
Hove, who also drew attention to
other recent particle physics and
astrophysics results, such as the
new data from CERN on the distri-
bution of intrinsic angular momen-
tum ({spin) deep inside the proton
(June issue, page 9), and the infor-
mation learned from satellite moni-
toring of Halley’'s Comet in 1986.

With the same laws of physics
holding good over some fifty pow-
ers of ten of distance, and with
new breakthroughs in under-
standing on the horizon, the fron-
tiers of physics seem to be con-
verging.

Report by Gordon Fraser

Around

SERPUKHOV
Experiments for UNK

With half the 21 kilometre tunnel
for the UNK accelerator at Serpuk-
hov, near Moscow, now excavated
and with completion expected
some time early in 1990, attention
is now turning to the experiments
to exploit this latest addition to the
front rank of the world particle phy-
sics scene.

While work on UNK has been
underway for some time, construc-
tion was given a boost last year by
a tocp-level Moscow decision (Jan-
uary/February issue, page 3). With
Soviet accomplishments in other
areas of technology so impressive,
such a move should considerably
benefit high energy physics.

The 400 GeV UNK booster ring
{maximum energy 600 GeV) of
conventional magnets could be rea-
dy as early as 1990, with the 3
TeV beams from the superconduct-
ing ring following 3 years later. The
addition of a second ring will pro-
vide 3 TeV colliding proton beams
(6 TeV collisions) in the middle
1990s.

An international meeting at Prot-
vino last year highlighted the phy-
sics opportunities that the new ma-
chine would offer (May issue, page
1).

Some initial UNK experiments
have now been approved, although
in some cases further details re-
main to be fixed, while the green
light for further experiments could
follow later this year. Already play-
ing a significant role in experiments
at other world centres (in particular
the Delphi and L3 experiments at
CERN'’s LEP electron-positron col-
lider have Soviet contributions),
Soviet scientists are keen to have
international collaboration at UNK.
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the Laboratories

About half the 21 kilometre tunnel for the
UNK accelerator at Serpukhov, near Mos-
cow, has now been excavated (in black).
Particles will be injected from the existing
70 GeV proton ring (below).

UNK STATUS by June,1988
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No details have yet been fixed, but
there have been several indications
of interest from groups in Europe
and the US.

The first experiment to run at
UNK will be the ‘Neptun’ gas jet
target, which should get underway
in 1991. Sited 60 m underground,
this study will probe spin effects
with high energy proton beams.

Other UNK experiments already
approved include a Multiparticle
Spectrometer to exploit the ex-
pected high production rate of par-
ticles carrying the 'beauty’ quantum
number, and in particular look for
the first signs of the violation of CP
symmetry (physics invariance un-
der combined particle/antiparticle
switching and n.irror reflection)
outside the neutral kaon sector.

A 'Gluon’ experiment, with the
goal of searching for ‘glueballs’
{particles composed of the gluon
carriers of the inter-quark force,
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rather than the quarks themselves)
would follow broadly along the
lines of a Soviet/European/US col-
laboration now working at CERN
and Serpukhov (May issue, page
21).

The Leningrad nuclear physics
institute will play a major role in a
study of hyperons (heavy baryons),
carrying on from where the recent
Fermilab hyperon experiment (June
issue, page 25) left off.

One UNK experimental area will
be given over to neutrino beams,
and initial proposals, including a li-
quid argon calorimeter, will be con-
sidered at Serpukhov later this
year.

Although UNK operation as a 6
TeV proton-proton collider is still
some years away, the big configu-
rations needed to exploit these
conditions take a long time to de-
sign and engineer. Two projects
are emerging — a large Universal

Calorimeter Detector (UCD) experi-
ment for precision tests of the cur-
rent Standard Model of particle
physics together with searches for
new behaviour, and a streamer
chamber to give visual records of
the complex effects expected at
these record collision energies.

CERN
New effects
with neutral kaons

After preliminary indications last
year (November 1987 issue, page
20), a CERN experiment has con-
firmed important new behaviour in
the decays of neutral kaons.

In 1964, a historic experiment
by J.H. Christenson, J.W. Cronin,
V.L. Fitch and R. Turlay at Brook-
haven discovered that the neutral
kaon behaved oddly. Previously,
the neutral kaon was thought to
come in two kinds, a long-lived
variety decaying into three pions,
and a short-lived cousin producing
pion pairs.

This was in line with so-called
CP symmetry — physics was
thought to be unchanged if parti-
cles and antiparticles were
switched {C) at the same time as
left and right were interchanged
(P). But the Brookhaven experiment
found about one long-lived kaon in
five hundred giving two pions in-
stead of three, and CP symmetry
fell.

Nearly a quarter of a century lat-
er, this is still a mystery, although
the effects can be conveniently
described in terms of the possible
permutations of the six quark "fla-
vours’ due to the weak nuclear
force {Cabibbo-Kobayashi-Maska-
wa matrix}). However prediction is
limited as almost all the input
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Comprehensive axial view of the decay of a
neutral kaon into two neutral pions, each of
which then produces a pair of photons, as
seen by the NA31 experiment at CERN, with
the reconstructed positions of the incoming
kaon and the two outgoing pions.

T2
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comes from laboratory measure-
ments.

The two neutral kaons, a parti-
cle-antiparticle pair, are distin-
guished only by their quark label
(strangeness) conserved in strong
nuclear interactions. When the
weak nuclear force is at work,
strangeness is no longer conserved
and the neutral kaon particle and
antiparticle get mixed up.

Such ‘particle mixing’ has also
been seen in the neutral B mesons
{carrying the 'beauty’ quark) by the
UA1 experiment at CERN’s proton-
antiproton collider, and by the AR-
GUS experiment at the DORIS elec-
tron-positron collider at the German
DESY Laboratory (June 1987 is-
sue, page 16).

Mixing also results in CP viola-
tion, seen so far only in the neutral
kaon sector. Projects for copious
supplies of B particles hope to ex-
tend the CP violation arena to a
new breed of particles.

In the quark picture, mixing is
explained by transient quark effects
inside the particles, and observed
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mixing rates provide new fixes on
quark parameters and transition
rates. However such quark transi-
tions should also contribute to the
decays of the particles, giving addi-
tional CP violating effects.

The CERN/Dortmund/Edin-
burgh/Mainz/Orsay/Pisa/Siegen
collaboration built and operated an
ingenious detector to pick up the
decays of both short- and long-
lived kaons simultaneously. From a
total sample of about a million
charged and neutral pion pairs from
short-lived kaons and ten times as
many from long-lived kaons, the
experiment finds a two per cent di-
fference between the ratio of long-
lived kaons decaying into neutral
and into charged pion pairs and the
corresponding ratio for short-lived
kaons.

This is the first time that "direct’
CP violation, not due to particle
mixing, has been seen. As well as
helping to understand the origin of
this delicate physics effect, it pro-
vides important new input to the
quark picture.

CLICing into place

Spurred by ambitious plans for
physics research around the end of
the century and the beginning of
the next, long-range accelerator re-
search and development is coming
back onto the scene at CERN after
the years when resources were
heavily committed to LEP. This
year a budget line for this work has
reappeared.

Development never stopped —
witness the mastery of supercon-
ducting radiofrequency cavities,
and the rapid success with high
field superconducting magnets (see
June issue, page 13) with a view
to a "Large Hadron Collider’ {LHC)
in the LEP tunnel.

However other Laboratories with
less ambitious short-term commit-
ments, particularly in the USA,
were giving more attention to the
challenge of new acceleration tech-
niques for the next century. At
CERN, more emphasis on this work
was strongly advocated by the
CERN Long Range Planning Com-
mittee led by Carlo Rubbia, and, in
addition to the more immediately
feasible LHC, the Committee con-
sidered the next generation of elec-
tron colliders under the name CLIC.

Present CERN ideas on electron
linacs in the 1 TeV region have
some formidable parameters. New
electron sources are needed 10
provide very intense, short
bunches to excite superconducting
linac cavities. Laser stimulated
photo-cathode sources are looking
promising and these are being stu-
died. A superconducting drive linac
follows fairly naturally from the
work on the LEP cavities. Power
has then to be transferred to the
‘real’ linac requiring special transfer
cavities.

The final focus of colliding



An example of the relatively modest invest-
ment needed for long-range accelerator re-
search and development is the Advanced
Accelerator Test Facility at Argonne
studying the production of wakefields

in structures and plasmas (June issue,
page 16).

beams from such linacs is another
topic requiring new ideas and ex-
perimental development — the
beam dimension at the crossing
point for CLIC should be about 12
nanometres, a thousand times thin-
ner than a human hair. (The new
SLC Stanford Linear Collider is
struggling to collide beams of a
few microns.) Among the possibili-
ties is a plasma lens where the
neutralized electric self-field leaves
the self-focusing magnetic field in-
tact. In principle a focal length of a
few centimetres is feasible at 1
TeV which would work for CLIC.
imperial College London is working
with CERN on another idea, devel-
oped for example at Los Alamos,
where a laser beam pre-ionizes
plasma in the beam channel. This
could also yield a focal length of
about 5 cm.

There is work on power sources
to concentrate high power into
short intervals of time. The old rad-
ar technique of ‘chirping’ is back in
vogue. This works by crowding

10

power at different frequencies to-
gether. CERN is looking at chirping
in superconducting waveguides.
Power switching techniques are al-
ready highly developed but need to
be taken further to switch high cur-
rents at high voltage in nanose-
conds.

There are novel concepts under
study also. One, prompted by the
idep of a switched power linac, en-
visages a radial transformer struc-
ture where photocathodes on the
outer rim of the accelerator provide
the power to be amplified into the
central bore. Another idea which
has been tested in the same struc-
ture is to combine different reson-
ant modes in one coherent mo-
ment of acceleration. This will soon
be tested in a superconducting
structure at Wuppertal. Ferroelect-
ric crystals can develop huge
charges on their surfaces and the
possibility of using the associated
fields for acceleration is being stu-
died in coliaboration with Thessa-
lonika University in Greece and Ka-

towice University in Poland. There
is a recent proposal to build both
the drive and main linacs of CLIC
into a single accelerator with an ap-
propriate structure {voltage mul-
tiplying r.f. structure) to allow a
drive beam to be sent down the
bore followed by the ‘real’ beam,
which then sees high fields be-
cause of the amplification taking
place in the structure.

Although the goals still look for-
midable, there is no shortage of
original ideas.

BROOKHAVEN
Polarized protons

Polarized (spin oriented) protons
were accelerated to 18.5 GeV last
winter for a one-month physics run
at the Brookhaven Alternating Gra-
dient Synchrotron (AGS) in the
third round of a programme which
has been spaced over the past four
years. In this latest run three exper-
iments took data, each studying
large effects seen earlier and still
unexplained. (Two were seen much
earlier and provided the impetus for
polarized protons at the AGS.)

One ‘old’ effect investigated was
the large polarization of hyperons
(heavier cousins of nucleons and
carrying the strangeness quantum
number) first seen at Fermilab
(without polarized beams). With
polarized protons, the AGS studies
test the transfer of spin from the
initial proton to the produced hype-
ron. Naively, one expects the lamb-
da, where the spin is carried by the
component strange (s) quark, not
to remember the parent proton’s
spin, as there is no s-quark in the
proton {made of ‘up’ and ‘"down’
quarks). This was confirmed by a
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Rice/Brookhaven/Johns Hop-
kins/Houston/SE Massachusetts
collaboration two years ago.

Now the same group has investi-
gated neutral sigma particle pro-
duction, where the sigma’s up
quark does carry some of the spin,
and therefore one expects the pro-
duced particle to remember the
proton spin direction some of the
time.

While the spin transfer analysis
is still underway, the simpler meas-
urement of a different parameter,
the scattering asymmetry, has
been done. This reflects the overall
upwards-downwards mix of the
protons’ spin axes. The scattering
asymmetry for neutral sigmas — ex-
pected to be the same as the po-
larization of inclusively produced
lambdas — was found to be surpris-
ingly small, making researchers
eager to see what the spin transfer
analysis will yield.

A second experiment investi-
gated a large ‘'new’ spin effect ob-
served previously at the AGS by
the Michigan polarized target group
with an unpolarized beam on a po-
larized target. That group found a
large asymmetry at large angles
when protons "bounce’ off polar-
ized protons (elastic scattering).
The present experiment, by a
Brookhaven/ Minnesota/Penn
State/Southeastern Massachusetts
group, reversed the roles of beam
and target, using the polarized pro-
ton beam on an unpolarized hy-
drogen target, and collected elastic
scattering data at larger transverse
momentum (squared — 7 GeV?).

Over ten years ago at the old Ar-
gonne ZGS, pioneer studies found
that protons were four times more
likely to bounce elastically from
other protons at large angles if
their spins were aligned. This ef-
fect was not and is not under-
stood, although intriguing new

12

Top, measurements at the Brookhaven Al-
ternating Gradient Synchrotron of the way
spinning protons bounce off each other con-
trast with spin-averaged behaviour (bottom).
The arrows indicate the three combinations
of proton spin orientations: up-up, down-
down, and up-down.
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ideas have been put forward. This
spin-spin result led to polarized
proton physics at the AGS, and the
first run above the 12 GeV avail-
able at the ZGS took place in

1986. The successful polarized
proton run this year gave the Michi-
gan polarized target group a more
detailed look at spin-spin effects.
Using a polarized proton beam

and a polarized proton target,
studies concentrated on a high pre-
cision angular distribution measure-
ment in the medium transverse
momentum region where the event
rate is hundreds of times larger
than that at higher transverse
momenta. The three possible spin
orientations (‘up’ proton spins
bouncing off ‘up’, "down’ off
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‘"down’ and ‘up’ off "down’) con-
trast with the behaviour seen in un-
polarized {spin averaged) proton-
proton scattering (data first ob-
tained about 20 years ago at
CERN}).

This suggests some large effect
at medium transverse momentum,
invisible in the unpolarized experi-
ments, but showing up clearly
when spin is labelled. Spinning pro-
tons have not yet finished yielding
their secrets.

BROOKHAVEN
More light

In February 1987, the X-ray
ring of the US National Syn-
chrotron Light Source (NSLS)
at Brookhaven was shut
down for major improve-
ments to double (from 30 to
60) the possible number of
experiments and to boost
machine performance.

New equipment in the ring
includes high brightness in-
sertion chambers, replacing
six of the sixteen dipole va-
cuum chambers, and the La-
ser Electron Gamma Source
(LEGS) experiment.

In an impressive series of
pre-recommissioning tests in
April the revamped machine
circulated, stored and stacked
electron beam in seventeen
hours, boding well for the
restart of research this sum-
mer using 2.5 GeV beams.
This follows an earlier upgra-
de of the NSLS ulitra-violet
ring.
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Keeping protons polarized

Brookhaven'’s latest polarized pro-
ton physics run was preceded by a
three-week commissioning effort.
Keeping the proton spins lined up
during the acceleration cycle is a
complicated business due to both
horizontal focusing fields and to
magnet imperfections which also
give rise to horizontal fields.

These horizontal fields typically
cancel in their effect on the polari-
zation, but resonances occur at
certain energies when the effect of
the fields becomes cumulative. 'Im-
perfection’ resonances are avoided
by changing the orbit of the circu-
lating beam using small magnetic
fields while intrinsic’ resonances
are avoided by changing the tune
of the machine.

An added complication pre-
sented itself when the Siemens
motor generator set powering the
AGS ring magnets developed a
short. A vintage backup generator
{(Westinghouse), unused for 20
years, could only provide enough
power for an 18.5 GeV run.

The commissioning successfully
negotiated the 30 imperfection de-
polarizing resonances and the five
intrinsic resonances which must be
crossed to achieve 18.5 GeV. The
physics run had 2 x 10'° protons
every 2.8 seconds, with an aver-
age polarization of 42 per cent (80
per cent being supplied by the li-
nac). The ramp of the backup pow-
er supply was necessarily slower
and increased the time spent at re-
sonance energies, making tuning
even more tricky. One resonance
was extremely sensitive and re-
quired frequent retuning — until it
was decided to mistune the reson-
ance sufficiently to completely rev-
erse the polarization at that point!
This did the trick, and three other

resonances were also flipped for
the physics run.

As a resuit of a considerable al-
ignment effort for main ring mag-
nets and ferrite quadrupoles (used
to jump intrinsics) which took place
over last summer, beam problems
(emittance growth when intrinsic
resonances are jumped) were min-
imized.

INDIANA
Electron cooling ring
in action

A new proton storage ring with el-
ectron cooling is being commis-
sioned at Indiana University in the
US. The cooling system came into
action on April 16, and already the
next day interaction of the cooled
beam with an internal jet target
was being studied.

Initial off-line tests of the elec-
tron beam on March 30 gave elec-
tron beam currents to 1 Ampere
(cathode diameter 25 mm), ener-
gies from 50 to 125 keV, and very
good current collection (to
99.98 %). The system was so well-
behaved that further off-line testing
was halted and the cooling device
rolled into the ring during an eight
day break between test runs.

Cooling (smoother beam proper-
ties) was observed as soon as the
electron and stored proton beam
positions and angles were meas-
ured and shifted to coincide. Al-
though the ring has stored 10° pro-
tons, the first cooling tests were
carried out with 107 to 108 parti-
cles stored at the injection energy
of 45 MeV, and electron beam cur-
rents from 0.05 to 0.7 A.

With no radiofrequency, Schott-
ky signals showed the injected fre-
quency spread of 0.06 % narrowing
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in a fraction of a second to
0.003%. With r.f. at 6 MHz, the
time spread of the beam was
quickly reduced to less than 2 ns,
and the beam lifetime increased
from a second or two to over 40
seconds.

The new Cooler is injected with
beams from the 2 Tesla-metre
isochronous cyclotron at the India-
na University Cyclotron Facility
(IUCF). It heralds a second genera-
tion of small cooled storage rings
for research in atomic, nuclear, and
particle physics. Several other rings
at Heidelberg, Uppsala, Tokyo, and
Aarhus are scheduled to come into
operation soon.

The 86.82 m circumference is
similar to that of the LEAR ring at
CERN, but has a smaller magnetic
rigidity of 3.6 Tesla-metres (corre-
sponding to a momentum of 1.08
GeV/c for singly-charged particles).
This means that an unusually large
fraction of the ring is left open for
internal target experiments.

The Cooler can be filled by strip-
ping light ions, or kickers can be
used to inject beams without strip-
ping. A first look at this process
was obtained on May 8 and 9 with
storage and cooling of unpolarized
and then polarized protons of 148
MeV from the cyclotron. This gave
essentially the same 3 keV energy
spread as at 45 MeV, time spreads
below 1.2 ns and beam lifetimes of
3 to 4 minutes. These tests were
carried out at low intensity with
single turn injection. Longitudinal
stacking of polarized protons and
deuterons, heavily used by the
IUCF research community, is plan-
ned for the autumn.

Acceleration in the Cooler will
extend the energy range of all ions,
and the electron cooling system
has been designed to match any of
the stored beams (requiring elec-
tron kinetic energies up to 270
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keV).

Although proton beams of IUCF
energies have been available from
accelerators for nearly forty years,
the superior beam quality of the
isochronous cyclotron has made
possible a number of new results
from IUCF and the other large cy-
clotrons that began operation in
the mid 70s.

According to Robert E. Pollock,
one of the Cooler's designers and
its project manager during the con-
struction years, plans for electron-
cooled antiproton beams in LEAR,
with markedly better phase space
density than the proton beams
from IUCF, were a revelation (Jan-
uary/February issue, page 10).

Internal target experiments can
exploit this beam quality, and the
Cooler concept was born.: Of
course the Novosibirsk (USSR) ori-
ginators of the electron cooling had
anticipated applications such as
those planned for the Cooler, but
the Indiana group was the first to
go for cooling with internal targe-
try.

One Cooler straight section has
an experiment with a jet target
operating at densities up to 10'®
atoms per square cm, and detec-
tors covering the forward cone, de-
signed for a pion threshold meas-
urement. The second straight sec-
tion is used by a Michigan group
preparing a "Siberian snake’ to
further control the beam. A third
target location in the ring has a 6
degree bend to separate reaction
products for an experiment by a
Pittsburgh-lllinois coliaboration.

The experimental programme
approved so far includes seven ex-
periments, with five more to be
considered. Future plans inciude a
polarized target, spectrometers in
the ring, and experiments with re-
coil ions and tagged secondaries.

The Cooler project was funded

by the US National Science Foun-
dation ($7.7 million) and by the
State of Indiana ($4 million).

MEETING
WarsaV\_/ 1938-1988

Each year the University of War-
saw organizes a one-week meeting
on theoretical particle physics in
the charming little town of Kasim-
ierz on the Vistula, 150 km south
of Warsaw. These meetings are a
lively testimony to the important
work on theoretical physics in Po-
land.

The latest meeting, in May,
brought together about 120 partici-
pants, about half from abroad, and
marked the 50th anniversary of a
milestone meeting in Warsaw on
new theories in physics, with con-
tributions from Niels Bohr, Louis de
Broglie, Louis-Marcel Brillouin, Sir
Arthur Eddington, Hendrik Kramers,
Oskar Klein and Paul Langevin.

The 1938 proceedings were
widely reread this time, and 1988
summarizer David Gross preferred
to summarize instead the 1938
meeting. Besides much discussion
about the interpretation of quantum
mechanics, in those days people
were trying to reconcile the strong
nuclear force and the Fermi theory,
formulated for weak nuclear forces
{beta decay), but the only tractable
picture available at the time and the
object of much speculation.

The heavy particle postulated by
Yukawa as the origin of strong nu-
clear forces was then widely be-
lieved to have spin (intrinsic angular
momentumy) of one unit {the pion,
the first nuclear meson to be di-
scovered, has zero spin). Mean-
while the photon (’a daring abstrac-
tion’) was being associated with
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At the Kasimierz meeting, Lev Okun (left)
with David Gross.

(Photo M. Jacob)

DESY
HERA progress

At the end of May, finishing

. touches were put to the last
of the 400 standard magnet
modules for the 30 GeV elec-
tron ring of the HERA elec-
tron-proton collider being
built at the German DESY
Laboratory in Hamburg. With
its copper vacuum pipe, this
14 metre module includes a 9
metre dipole, a quadrupole, a
sextupole and a correction
magnet.

At the beginning of June
major components of a 52
MHz radiofrequency system
arrived from Chalk River, Ca-

nada, for installation in the
PETRA ring where protons
destined for HERA will be ac-
celerated from 7 to 40 GeV.
Chalk River is also supplying
the corresponding 52MHz
system (two cavities) for the
HERA ring itself, where four
208 MHz cavities will reduce
the bunches from 2 metres to
60 cm.

» A 24 metre section of helium trans-
fer line for the 6.3 km supercon-
ducting proton ring of the HERA el-
ectron proton collider being built at
the DESY Laboratory in Hamburg is
eased down ten storeys before be-
ing put in position.
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zero spin (it has spin one).

Oskar Klein had proposed a far-
reaching unification scheme en-
compassing the photon (the carrier
of electromagnetism) with the two
electrically charged nuclear meso-
ns, but changed it rapidly when in-
formed that there were also nuclear
forces which did not permute elec-
tric charges.

The 1988 Kasimierz meeting
was convened by S. Pokorski and
A. Trautman of Warsaw, and
organized by Z. Ajduk.

From Maurice Jacob
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(303) 493-1901 ® FAX (303) 493-1903
2301 Research Blvd., Suite 101
Fort Collins, Colorado USA 80526
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Precission ULTRASTAB* Current Transducer
to achieve new performance levels of
stability and linearity.

Current stability options 1 ppm ot 10 ppm.
Power outputs from 5 kW to 300 KW.
Modul}r design.

Wide range of interfaces:

Control panei, RS232/RS422, | 488,

CAMA
@ Digital control via bit generator.
® 16 bit monotonic DAC as standard.
For further information please contagt:

DANFYSIK

DANFYSIK A/S - DK-4040 JYLLINGE; DENMARK
TEL..INTERNATIONAL +452 38 8150
TELEX: 43136 - FAX: +45 2 13,15 51
n USAL GMW Associates... Tel.. (415) 368-4884
In Japan: Seiko Instruments inc. . Tel: 03682 111
in Korea: Qyang Corporation . Tel.: 732-8031

* DK patent No. 149238
USA patent No. 4.616. 174 Worldwide Patent pendmg

ORGANISATION EUROPEENNE
‘ POUR LA RECHERCHE NUCLEAIRE
N7

EUROPEAN ORGANIZATION

FOR NUCLEAR RESEARCH

MOVING?

Please remember to let us know
in good time. All notices of
change of address must be
accompanied by old and new
addresses. (Include label from
magazine wrapper.)

Any enquiries regarding subscriptions
should be addressed to:

Monika WILSON
CERN COURIER/CERN
1211 Geneva 23 Switzerland
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FERMILAB
Looking
for new particles

Experiment 774 is a new Fermilab
fixed-target search for short-lived
neutral particles that couple to the
electron. The observation of nar-
row electron and positron peaks in
heavy ion collisions {March issue,
page 13) suggests the existence of
such objects and has focussed at-
tention on a region of mass and
lifetime where they could exist and
yet would not have been seen.

Earlier searches (for example
Fermilab Experiment 605 and Ex-
periment 141 at the Stanford Li-
near Accelerator Center) found no
trace of any new particles in the
mass and lifetime range available to
them.

E-774 (a Fermilab/ lllinois/Kra-
kow/Northeastern/Stanford {(SLAC)
collaboration) exploits the excep-
tionally high energy and flux of Fer-
milab’s Wide Band Electron Beam
to probe an unexplored region.
During the recent fixed-target run,
tests ensured that E-774 could run
simultaneously with the E-687 pho-
toproduction experiment which is
the primary user of the beam, and
logged 48 hours of data, which
should already provide new limits.

It is a 'beam dump’ experiment,
with the electron beam hitting a to-
tally absorbing target calorimeter
{the "dump’), looking for electrons
interacting in the dump to produce
a light neutral particle, decaying
into an electron-positron pair some
distance downstream. If a decay is
to be seen, the unstable neutral
particle must first emerge un-
scathed from the target calorimet-
er. Here the large relativistic time
dilatation at high energy helps —
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New computers arrive. Top, an IBM 3090-

400F for CERN (Photo CERN 297.5.1988),

and (below) an Amdahl 5890 600E for Fer-
milab.
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Fermilab gets a kick

out of

Spellman power supplies

Photo: Courtesy of Fermilab

The abort system “kicker” magnets in throughout the world. Spellman offers you
the Fermilab accelerator requnre h|gh the best there is in high power at high

voltage programmable
energy sources. This
energy is provided by 25
Spellman HV power sup-
plies which maintain a
precise charge across
the storage capacitors.
Our resonant con-
verter HV supplies are in-

voltage. You also enjoy
competitive pricing, and
miniaturization which saves
up to two-thirds of the usual
space requirements.Con -
tact us for complete infor-
mation on Spellman power
supplies from 1W to 30kW.
We know that you'll get a

stalled in a wide variety of apphcat:ons kICk out of our incomparable performance.

igh Voltage Electronics Corp.

7 Fairchild Ave., Plainview, NY 11803
(516) 349-8686
TWX 510-221-2155 FAX (516) 349-8699

Spellman

Leading the way in high voltage technology
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the lifetime of a 2 MeV mass, 200
GeV energy particle is increased
100,000-fold.

The target calorimeter also has
to be as short as possible. It uses
tungsten plates instrumented with
scintillating fibre ribbons, 200 mi-
crons thick (May issue, page 29)
for frequent sampling, but with the
sampling material comprising only
6 % of the total thickness. Down-
stream, a simple neutral decay
spectrometer is followed by a trig-
ger calorimeter. The target and
trigger calorimeters were in place
for the test run, but not the spec-
trometer.

Galileo’s first paper for the Accademia dei
Lincei (1613).

CERN Courier, July/August 1988

Science and the humanities

In August 1603, Federico Cesi,
from a wealthy Umbrian family, and
three companions founded 'I'Ac-
cademia dei Lincei’ (lynx) to discov-
er and investigate the "great theatre
of Nature’. After a demise in 1651,
the present National Academy was
set up in 1874, and has gone on to

*

play an important role in fostering
philosophy and philology in Italy,

work which has gone on to leave
its mark further afield.

After having been on view at
several venues in Italy, an exhibi-
tion ‘Federico Cesi and the Founda-
tion of the Accademia dei Lincei’,

*
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Robert Wilson — ‘where there is beauty,
there is humanness’.

was mounted, for the first time
outside Italy, at CERN in May. Re-
flecting the basic inspiration com-
mon to all human endeavour to ex-
tend knowledge, the exhibition was
marked also by a Symposium on
the Unity and Internationalism of
the Sciences and the Humanities,
sponsored by the CERN Science
and Society Seminar and the Istitu-
to ltaliano per gli Studi Filosofici,
and in cooperation with the CERN
Staff Association.

Speakers, drawn from a wide
cross-section of disciplines, paused
for a moment from their everyday
researches and gave their views on
the basic unity of the quest for
knowledge, and its consequences,
intellectual internationalism and the
resultant worldwide relationships
of understanding and cooperation.

Lincei Vice-President Edoardo
Amaldi chaired and first day’s pro-
ceedings, and Giovanni Pugliese
Carratelli, Director of the Istituto

22

Italiano.per gli Studi Filosofici, Na-
ples, introduced the session by
pointing out the common roots of
intellectual disciplines — the ‘search
for truth’” — characterized by differ-
ent research techniques.

Sculptor, architect and former
Fermilab Director Robert Wilson
stressed the human qualities that
top flight science brings. Although
‘'no flower blooms and no birds
sing’ in physics, the research
brings a whole emotional spectrum
‘passion, heartbreak, jealousy, ec-
stasy,...". Beauty is embodied in
the laws of physics — ‘like poems’
— while symmetry has equal appeal
for scientist and artist alike.

Wilson emphasized the useful-
ness of popular science for bridg-
ing the gap between the initiated
and the profane, and advocated in-
creased cross-disciplinary contact
in universities.

Former CERN Research Director
General Leon Van Hove ('From
Cosmology to Particle Physics’)
showed how the laws of physics
hold good from the largest scales
(1036¢cm) to the smallest (107 '7cm),
the span having been extended by
a factor of 10'* on either side in
the last century from the classical
"beautifully austere’ Newtonian pic-
ture of gravity.

Van Hove showed how the ob-
servations of last year's supernova
dramatically illustrated the interplay
of gravitation with the weak and
strong nuclear forces, demonstrat-
ing the complementarity of the dif-
ferent forces at work in Nature, and
providing a new astronomical win-
dow on bulk nuclear effects.

The second day’s session,
chaired by Olivier Reverdin of the
University of Geneva, began with
Remo Bodei of Pisa examining the
contemporary philosophical view of
cross-disciplinary reasoning. "Phi-
losophy is no longer queen of the

René Thom — ‘hard’ and ‘soft’ sciences

sciences,” he claimed. While inher-
iting much ‘moribund’ knowledge,
philosophical approaches can still
help clarify concepts, adding cohe-
sion and bite.

René Thom, pioneer of catastro-
phy theory, illustrated the inherent
differences between "hard’
sciences with exact laws and "soft’
descriptive sciences. The rift be-
tween mathematics and everyday
language is a corollary, and ways
of bridging this descriptive gap
would help in the drive to make the
world more intelligible.

Girolamo Controneo of Messina
{'The relation between philosophy
and human sciences’) looked at the
sociological prerequisites for new
theories, and examined the dicho-
tomy between the speculative and
scientific approaches which seems
to characterize modern culture.

Manfred Eigen of the Max Planck
Institute for Biophysical Chemistry
in Gottingen focused on the inter-
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Manfred Eigen — the physics of biology

face between chemistry and biolo-
gy, showing how certain hydrogen
bonding (complementary base pair-
ing) marks the threshold where mo-
lecules can be regarded as truly
‘biological’ rather than inertly
chemical.

He described vivid simulations of
cell reproduction which show how
the "error rate’ of cell mutation
compounds to produce new effects
— evolution — in a way very remin-
iscent of phase changes in physical
chemistry. At a certain stage, the
information held in the cells 'melts’,
and new mutants emerge ('survival
of the fittest’).

During the two days of the sym-
posium, many deep and thought-
provoking ideas were aired, and
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will be available to a wider au-
dience with the publication of the
proceedings. "We have planted
some trees,” said Ugo Amaldi, one
of the prime movers behind the
symposium, ‘others will have to be
added to make a real forest.’

A recent symposium at the University of
California at Los Angeles marked the 70th
birthday of Julian Schwinger (third from
right, front row).

People
and things

On people

On 15 May, Carlo Rubbia, Physics
Nobel Prizewinner with Simon van
der Meer in 1984, Director-Gener-
al-Designate of CERN and Higgins
Professor of Physics at Harvard, re-
ceived the degree of Doctor of
Science, honoris causa, from Bos-
ton University.

On 12 April Dubna’s scientific
community celebrated the 75th
birthday of eminent Soviet scientist
Venedikt Petrovich Dzhelepov. He
was among the leading organizers
of the Soviet national high energy
physics centre which grew into
Dubna’s International Joint Institute
for Nuclear Research, where he has
been Director of the Laboratory of
Nuclear Problems since 1956.

23



Faculty Position

Experimental Particle Physics
University of Oregon

The Department of Physics at the University of Oregon
invites applications for a tenure track faculty position in
experimental particle physics. The appointment will be at
the Assistant Professor level, although an outstanding
candidate may be considered at the Associate Professor
level. The appointment will begin in September 1989,
adding a second member of the program in experimental
particle physics that has been started this year. The new
group is working on the construction of the SLD detector
at SLAC and on SSC R & D projects. We expect the new
faculty member to join research efforts on SLD. The appli-
cantis expected to have a solid record of research accom-
plishments. The Department already has an active re-
search group in theoretical particle physics, has experi-
mental programs in several other areas and has good
experimental shop facilities.

Applicants will be considered as they are received with
a closing date of January 1, 1989. Applicants are re-
quested to provide a curriculum vitae, a list of publica-
tions, and a brief statement of research interests and
plans, and to arrange to have three letters of recommen-
dation sent to the search committee. Inquiries, applica-
tions and recommendation letters should be addressed
to:

Jim Brau,

Department of Physics,

University of Oregon,

Eugene, Oregon 97403 USA,

phone (503) 686-4751.

The University of Oregon is an Equal Opportunity/Affir-
mative Action Employer.

University of Geneva

The Department of nuclear and particle physics announ-
ces an opening, beginning October 1st 1989, for a posi-
tion of

FULL PROFESSOR

EXPERIMENTAL ELEMENTARY
PARTICLE PHYSICS

Teaching in French of introductory physics and particle
physics; Research activity in high energy physics.

The applicant should have a PhD in physics — or an equi-
valent degree — and experience in physics teaching and in
leading a research group in experimental elementary par-
ticle physics.

Letters of application, including a curriculum vitae and a
list of publications should be addressed before 15th Sep-
tember 1988 to:

Secrétariat de la Faculté des Sciences
20, quai Ernest-Ansermet

CH-1211 Geneva 4

Switzerland,

where additional information may be obtained.

ASSISTANT PROFESSOR
EXPERIMENTAL HIGH
ENERGY PHYSICS

Florida State University

The Physics Department is seeking qualified candi-
dates for a tenure-track faculty position. The exper-
imental group has made major commitments to the
collider programs, DO (FERMILAB) and ALEPH
(CERN), and the candidate is expected to have
compatible research interests. The research group
has close association with the Supercomputer Com-
putations Research Institute with access to a CY-
BER 205 and ETA-10 supercomputers as well as
a number of VAXes. Applicants should submit a
resume, the names of at least three references and
a statement regarding teaching and future interests
to

Prof. Donald Robson, Chairman
Department of Physics
Florida State University
Tallahassee, Florida 32306-3016
U.S.A.

For further information call (904)6441492

The Florida State University is an Equal Opportu-
nity, Airmative Action Employer.

The high energy physics group of the

UNIVERSITE DE MONTREAL

presently active in the OPAL collaboration at LEP and in the
HELIOS collaboration at the SpS at CERN, invites applications for
three different positions:

1) Senior high energy experimental physicist.

This position is a tenured appointment for an accomplished
physicist. Apart from the teaching and research activities
normally required, the ideal candidate should have proven
capabilities in leading a major research team within a large
collaboration.

2) Experienced physicist in experimental
particle physics.

This position, funded by TRIUMF, is not dependent upon
funding for individuai projects and involves the possibility of
a stable appointment. The ideal candidate shouid have seve-
ral years of active research experience in high energy phy-
sics after his doctorate. Preference will be given to appli-
cants with experience in e*e™ collider physics. The success-
ful candidate will join the OPAL collaboration.

3) Postdoctoral fellow in high energy physics.

The candidate will join the group involved in the OPAL pro-
ject. Preference will be given to physicists with experience in
e’e” collider experiments.

All candidates should be willing to learn French, since this is the
working language in our laboratory. Please send applications and
CV’'s to:

Hannes Jeremie

Laboratoire de Physique nucléaire
Université de Montréal, C.P. 6128
Montréal, Qué. H3C 3J7

Canada
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V.P. Dzhelepov, Director of the Dubna Labo-
ratory for Nuclear Problems, celebrated his
75th birthday in April.

Erich Vogt (left), Director of the Canadian
TRIUMF Laboratory in Vancouver, shows a
model of the proposed TRIUMF KAON parti-
cle ‘factory’ to British Columbia Premier W.
Vander Zalm (centre) and Advanced Educa-
tion Minister S. Hagen.

Awards

The 1988 American Physical So-
ciety Prizes included: the Tom W.
Bonner Prize to Raymond Davis of
Pennsylvania for his use of nuclear
reactions to detect neutrinos; the
Dannie Heineman Mathematical
Physics Prize to Julius Wess of
Karlsruhe and Bruno Zumino of Ber-
keley for their work on supersym-
metry (April issue, page 31); the
W.K.H. Panofsky Prize to Charles
Prescott of the Stanford Linear Ac-
celerator Center for his role in the
experiment demonstrating the in-
terference between weak and elec-
tromagnetic interactions; the J.J.
Sakurai Prize to Stephen Adler of
the Institute for Advanced Study
for his work in chiral symmetry;
and the Robert R. Wilson Prize to

CERN Director General Designate Carlo Rub-
bia (right) with Italian Minister for Scientific
Research and Universities Antonio Ruberti at
the opening of the ‘ltaly at CERN’ trade exhi-
bition at CERN on 31 May.

(Photo CERN 544.5.88)
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Stanford Linear Accelerator Center
SLAC

Cryogenics Engineer

Stanford Linear Accelerator Center, one of the world’s
leading physics research facilities located in the San Fran-
cisco Bay Area, has an opportunity for a Cryogenics Engi-
neer to design cryogenics apparatus and systems, inclu-
ding superconducting magnets, particle physics detec-
tors, and helium liquifaction. Your assignments will be the
liquid argon cryogenics system and a set of two super-
conducting quadrupole triplets to focus the Collider
beams for the new SLD detector now being constructed.
You'll also be responsible for supervising engineers and
designers, preparing and monitoring the budget and
schedule, coordinating installation and commissioning.

You must have an MSME or equivalent plus a minimum
2 years’ experience in designing cryogenics apparatus
and systems, including thermodynamic and heat transfer
analysis. Project management and supervisory experien-
ce as well as a familiarity with machine shop practice are
desirable.

Please send your resume to Job # 5247.

Stanford Linear Accelerator Center,
P.O. Box 4349, Bid. 11,
Stanford, CA 94309.

Equal opportunity through affirmative action.

UNIVERSITE DE NEUCHATEL
Faculté des Sciences

DIRECTEUR DE RECHERCHE

Applications are invited for a "Directeur de Recherche”
position with the Physics Institute of the University of
Neuchétel. The holder of the position will join the nuclear
and particle physics group, and participate in the experi-
mental activities defined in the research plan. The group is
presently involved in experiments at CERN, PSI/SIN and
at the Gotthard underground laboratory.

Candidates should have a Ph.D. in physics or an equiva-
lent title, and several years of experience in particle and
nuclear physics. The appointment is for period of 4 years
beginning January 1, 1989, and can be renewed every
4 years.

Additional information can be obtained from

Prof. J.L. Vuilleumier,

Institut de physique,
A.-L.-Breguet 1,

CH-2000 Neuchatel, Switzerland.

Applications with a resume, a list of publications and
references should be sent until August 31, 1988, to the
Département de l'instruction publique du canton de
Neuchatel, Chateau, CH-2001 Neuchatel, Switzer-
land. '

ARBEIT

Wiinschen Sie ein neues Leben?

Suchen Sie eine Arbeit im Ausland? Dieses Buch ist was
Sie brauchen.

Hier bekommen Sie alle Auskiinfte und Adressen zu etwa
1000 Unternehmen und Stellenvermittlungen. Wir erlau-
ben uns, lhnen gleichzeitig das Buch anzubieten, das fir
jeglichen Bewerber einfach eine notwendige Vorausset-
zung ist.

Es enthalt alles ; von der Bewerbung bis zum Anstellungs-
vertrag, Auskunft Gber Arbeitserlaubnis, Visa, Klima,
Lohn- und Wohnverhiltnisse in Europa, den USA, Kana-
da, Westindien, Australien und dem Fernen Osten. Es
gibt Arbeiten wie z.B. Metall, Olindustrie, Gartenbau,
Fahrer, Reiseleiter, Hotel und Restaurant, Aupair, Luxus-
Kreuzfahrten.

Wenn Sie interessiert sind, fragen Sie schriftlich nach
unserer Freibroschire mit weiterer Auskunft, die in
Deutsch und Englisch erscheint. Schreiben Sie an:

[] Freibroschire

[] Buch «Arbeit im Ausland»
Preis: DM 45.—

EUROPA BOKFORLAG AB
Box 2014 S-13502 Tyres6 Sweden

N.B. Wir vermitteln keine Arbeiten!

HEP Research
Positions

Visiting Faculty
at Stony Brook

The State University of New York at Stony Brook has several
positions available for work on the DO Detector, which will
have its initial running data run at the Fermilab 2 TeV pp
Collider in late 1989. The Positions include Research
Associate and/or research facuity appointments at levels
commensurate with experience. Also available is a visiting
faculty position for a term of 1-2 years. Stony Brook is
involved in the construction of the central tracking detector
and in the development and installation of the liquid
argon-uranium absorber calorimetry. The group presently
consists of 9 faculty and 9 research staff. Opportunities exist
for hardware and software activities in support of both
projects.

Applications, including vitae and three letters of reference,
should be sent to:

Professors

R. Engelmann/M. Rijssenbeek,
c/o Physics Department,
SUNY Stony Brook,

Stony Brook,

NY 11794-3800, USA.

SUNY Stony Brook is an affirmative action/equal opportunity
educator and employer. AK # 103.

26

CERN Courier, July/August 1988




Donald Kerst of Wisconsin for his
many contributions to accelerator
physics.

Books

The proceedings of the inter-
national conference marking the
40th anniversary of the discoveries
of the pi- and V-particles, held at
Bristol last July (October 1987 is-
sue, page 11) have been published
by Adam Hilger (Bristol and Phila-
delphia). The invited papers pro-
vide a fascinating glimpse into the
particle physics techniques, and
life, of yesteryear. Entitled 40
Years of Particle Physics’, the book
is edited by B. Foster and P.H.
Fowler.

Meetings

The 8th International Symposium
on High Energy Spin Physics will be
held at the University of Minnesota,
Minneapolis, from 12-17 Septem-
ber. Topics will include Symmetries
and Spin, Static Properties of Lep-
tons and Hadrons, Weak Decays,

Hadron and Lepton Interactions, El-
ectron Accelerators, Hadron
Beams, Hadron Sources, Hadron
Polarimeters, and Targets. Work-
shops on Theory (6-10 Septem-
ber), Polarized Electron Sources
and Polarimeters (8-9), Depolarizing
Corrections in Future Accelerators
(10-11) and Polarized Gas Targets

for Storage Rings (10-11) will also
be held in Minneapolis preceding
the Symposium. Further informa-
tion from Sandy Smith, Conference
Secretary, School of Physics and
Astronomy, University of Minneso-
ta, Minneapolis, Minnesota 565455,
USA, telephone (612) 624-7886,
bitnet SPIN88 at UMNACVX.

Electronic Mail

The CERN Courier editorial
desk can be contacted

through electronic mail using
the EARN/BITNET communica-
tions network. The Editor’s
address is

COURIER@CERNVM

Contributions coming in
through electronic mail are
edited on the screen, and are
now coded for typesetting be-
fore being sent to the printer
through a telephone mod-

emn link, making for increased
flexibility.

For subscriptions (freel),
changes of address, etc.
the contact is

MONIKA@CERNVM

-

Distribution in the USA, West
Germany, Italy, the UK and
China is handled from regional
centres (see page ).

For advertising, the contact is:
FAL@CERNVM
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(ECL can be configured to give NIM input)

AM9513A chip

LeCroy USA ELESYS
Tel. 914 425-2000 Tel. 06 897794

Smith & Jones GB Radionics Scieatific Inc.
Tel. 0 635 41087 Tel. 416-736-1600

Bergoz UNITRONICS
Tel. 50410089 Tel. 3402 38559

Antares AG Gunnar Petterson AB
Tel. 058 821550/51 Tel. 08 930280

GRAFINA, SA Optical Systems LTD
Tel. (93) 2010044 Tel. 9023033-39
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