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A Classic Performer

INGTRUMENT MAINFIAME

The FERA™ ADC/ TDC Ensemble

The LeCroy Fast Encoding and Readout ADC System is a classic.
For more than five years, FERA has been performing all over the
world. Applications include high rate analog data acquisition,
real time systems, colliding beam diagnostics and energy based
triggers in both heavy ion and particle beam experiments. Today,

the FERA ensemble gives the best performance at the lowest price.

'EX}
The FERA quintet includes:

4300B/600 10-Bit, 16-channel charge sensitive ADC

4.8 pusec conversion time

4300B/610 11-Bit, 16-channel charge sensitive ADC
8.9 usec conversion time

4301 FERA calibration, fanout, and ECL bus driver
4302 FERA multiport CAMAC memory

4303 Time-to-FERA converter, 50 psec resolution
(used with 4300B)

FERA is a trademark of LeCroy Corporation.
© 1991 LeCroy Corporation

¢ Performs at Over 50 Institutions

¢ High Fidelity with 10-Bit or 11-Bit Resolution

o Fast Conversion and High Speed ECL Bus Output
For Minimal Deadtime (Highest Throughput)

& Fast On-board Zero Suppression and Pedestal
Subtraction for Readout of Compact Data

¢ Compatible With LeCroy Series ECLine Trigger
Process Modules

& Direct Connection to High Speed FIFO Memories
in FASTBUS, VME, and CAMAC

¢ Wide Dynamic Range to Cover Most Applications

¢ Fast Delivery

Call or write today for more FERA product information
and a LeCroy Research Instrumentation Catalog.

700 Chestnut Ridge Road, Chestnut Ridge, NY 10977-6499 USA Tel: (914) 578-6013 mcr o
2, chemin Pre-de-la-Fontaine, 1217 Meyrin 1-Geneva, Switzerland Tel: (022) 719 21 11
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CEBAF selects. ..
Si410 Silicon Diode g

Newport News, Virginia—
The Continuous Electron Beam Accelerator Facility has awarded the
' contract for supply of approximately 1500 silicon diode sensors to
Scientific Instruments, Inc. This contract represents one of the largest
single purchases of interchangeable silicon diodes ever placed.

The award of this contract for the Si410 Silicon Diode further proves
its worldwide acceptance based on its interchangeability, long term
availability and price.

For further information on the Si410 Silicon Diodes, please contact
Scientific Instruments, Inc.

i

Continuous Electron Beam Accelerator Facility

SCIENTIFIC Proven Excellence in Sensors and Instrumentation

° Scientific Instruments, Inc., 4400 West Tiffany Dr., West Palm Beach, FL 33407
"M s Telephone: (407) 881-8500 ® Telex: 51-3474 © Fax: (407) 881-8556
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| THORN EMI ,,
HEMISPHERICAL PHOTOMULTIPLIERS

FOR AIR SHOWER ARRAYS LIQUID CERENKOV DETECTORS
SCINTILLATION COUNTERS

P Fast Timing
P Photon Counting Capability
P Wide Dynamic Range
P Large Solid Angle Detection
Special projects need special photomultipliers - Discuss your requirements with:
Tony Wright or Ron Stubberfield ~ Mike Avery or Lou Evangelist
THORN EMI ELECTRON TUBES LTD THORN EMI ELECTRON TUBES INC
Bury Street, Ruislip, Middlesex, 100 Forge Way, Unit F, Rockaway,

HA4 7TA, England. NJ 07866, USA. Tel: (201) 586 9594
Tel: 0895 630771 Toll Free (800) 521 8382
Fax: 0895 635953 Fax: (201) 586 9771
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SCINTILLATING

XP4702 reads them out 64 at a time!

First of a new family, the XP4702 extends
PMT talents into the realm of spatial as well
as time resolution. Combined in a single
envelope, 64 ten-stage multipliers with
long-life CuBe dynodes produce an 8x8
mosaic of discrete pixels. With uniform
channel-to-channel gain and transit-time.
The common anode supplies an
additional signal that can be used
foramplitude analysis or triggering.

FIBRES?

o 40 mA/W at 400 nm
G ' 106 at 1400 V
t 48 ns at 1400V

4

output segmented last dynode, 8x8 matrix of 64
independent 2.54 mm x 2.54 mm elements
crosstalk <5% (scanned by 50 um light spot)

XP4702 opens new opportunities in fibre

hodoscopy, calorimetry and
imaging. Reference: NIM A269
(1988) 246-260.

Fibres courtesy of Optectron, France.

For more information contact: Philips Components,
Building BAF2, 56600 MD Eindhoven, The Netherlands.
Telex 35000 phtenl/nl jeveo.

readout,
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PHILIPS



Around the Laboratories

CERN
A big year for LEP

In April this year’s data-taking per-
iod for CERN’s big LEP electron-po-
sitron collider got underway, and is
scheduled to continue until No-
vember.

The immediate objective of the
four big experiments — Aleph, Del-
phi, L3 and Opal — will be to in-
crease considerably their stock of
carefully recorded Z decays, cur-
rently totalling about three-quarters
of a million.

Interspersed with the data-taking
sessions will be machine develop-
ment periods to prepare the big
machine for longer-term aims —
higher collision rates, increased col-
lision energies and polarized beams
(March, page 1).

From LEP data collected so far,
one major talking point is the impli-
cations of the precision results for
so-called 'Grand Unified Theories’
(GUTs). With the current Standard
Model of particle physics in such
good shape, GUTs go a step furth-
er, putting the two hitherto sepa-
rate elements of the Standard
Model — the electroweak picture (of
electromagnetism and the weak
nuclear force) and the field theory
of quark interactions (quantum
chromodynamics) — together into a
single unified description of the
three forces.

According to GUT ideas, the
three distinct force couplings char-
acteristic of the current Standard
Model should gradually converge
towards a single value — the GUT
limit — at about 10416 GeV, an
energy from which the three forces
went their separate ways after the
Big Bang.

LEP experiments give new preci-
sion values for the three couplings
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of the Standard Model, in particular
the strength of the inter-quark
force. Taken together, the informa-
tion does not point to an easy uni-
fication.

If GUTS are to be in accord with
today’s data, some new physics
has to lurk between the region cur-
rently explored by LEP and the
GUT limit. One contender is super-
symmetry (April, page 2), and im-
posing a convergence of the three
different coupling strengths indi-
cates that first signs of supersym-
metry should be seen at about
1000 GeV. Or the new physics
could come from some other
source.

Whatever the new effects are,
all this is extremely good news for
planned or projected proton collid-
ers like CERN’s LHC for the LEP
tunnel or the US Superconducting
Supercollider (SSC) which aim to
attain this energy region.

It also increases confidence in
solving the "dark matter’ enigma of
cosmology and astrophysics. For
some time it has been clear that
there is not nearly enough matter in
the Universe to stop the Big Bang
expansion continuing for ever,

One of the superconducting (‘low-beta’)
magnets which squeeze LEP’s electron and
positron beams to boost the collision rate.
These magnets have already performed
well, compressing the beams tighter than
originally foreseen.

(Photo CERN 74.2.91)

while analyses of galactic motion
cannot be accounted for by visible
matter alone.

Supersymmetry also provides a
good candidate for this so-far invi-
sible matter, with the lightest su-
persymmetric particles remaining
as cosmological relics of the Big
Bang. If these particles were elec-
trically charged, they would have
taken up residence in nuclei. How-
ever searches for anomalous abun-
dances of heavy isotopes show
nothing, so attention turns to elec-
trically neutral super-particles.

No sign of such particles has
been seen so far at LEP, implying-
they must be heavier than about
10-20 GeV. Plausible estimates of
cosmological abundances show
that these neutral super-relics could
supply enough gravitational pull to
hold the Universe together.

Some 500 years ago, Coperni-
cus startled the world by showing
that it is not the centre of the Uni-
verse. Having learnt to live with
that, we may now have to recon-
cile ourselves to the realization that
we are not even made of the same
stuff as most of the rest of the Uni-
verse.



* see also page 26

In the meantime the LEP experi-
ments have their work cut out to
sharpen the picture at currently
available or accessible energies and
provide a more confident basis for
extrapolations to simulate the evo-
lution of physics after the Big Bang.

The ‘DESY chain’ of injectors preparing elec-
tron and proton beams for the HERA elec-
tron-proton collider soon to begin opera-
tions at the DESY Laboratory in Hamburg.

DESY
40 GeV protons in
PETRA*

In February protons were acceler-
ated for the first time in the PETRA
ring at Hamburg's DESY Laboratory
to the 40 GeV needed for injection
into the new HERA electron-proton
collider.

The next step is to increase the
intensity and quality of these PE-
TRA proton beams prior to injec-
tion into HERA's 6.4 kilometre ring
of superconducting magnets.

The PETRA ring, built as an elec-
tron-positron collider, came into
operation in 1978. The physics
programme terminated in 1986 to
prepare the ring for its new career
as HERA's injector of both elec-
trons and protons.

The complete ‘DESY chain’ of el-
ectron machines was tested in
1989, with electrons being taken
to 14 GeV in PETRA and above 27
GeV in the HERA electron ring.

Zeus

Installation work is in full swing for
the two big detectors — H1 (April,
page 10) and Zeus for the HERA el-
ectron-proton collider soon to be

Now taking shape in the South Hall of the
HERA electron-proton collider at DESY,
Hamburg, is the Zeus detector.

(Photo Nick Wall)

2

HERA Injection
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Your Source for NIM
High Voltage Power Supplies

s

QUTPUT VOLTAGES TO 10 kv

QUTPUT CURRENTS TO 3 mA

MODELS FOR ALL DETECTORS
SPECIAL MWPC VERSIONS

SINGLE AND DUAL OUTPUT UNITS
REVERSIBLE POLARITY

LOW RIPPLE AND NOISE

SHORT CIRCUIT AND ARC PROTECTED
REMOTELY PROGRAMMABLE

AC AND DC BIN POWERED

Call us with your high voliage pmbmm, We'll provide the high voltage solution.

A i

BERTAN High Voltage is the world’s leading
manufacturer of regulated, precision NIM
high voltage power supplies and MINI BINs.
The excellent stability and low noise fea-
tured in our power supplies are just two of
the reasons you should specify Bertan in
your application. Versatility and quality are
others. And our dependability is backed by
uncompromising standards and an ex-
clusive 3 year warranty!




commissioned at the Hamburg
DESY Laboratory.

Zeus' iron magnet yoke and the
superconducting solenoid and com-
pensator have been in place for
some time and successfully tested.
Uranium-scintillator calorimeter ele-
ments began to go in last No-
vember, initially for the forward
(proton direction) and rear mo-
dules, and installation of the central
barrel is now underway. All propor-
tional-tube chambers for the back-
ing calorimeter in the iron yoke are
in place.

The toroids of the forward muon
detector have been mounted and
operated. All drift chamber planes
have been installed as well as two
of the four limited-streamer tube
planes for the trigger. The inner
chambers of the muon barrel are in
place and mounting of the outer
layer has begun.

The inner tracking system — ver-
tex detector, central drift chamber
and planar drift chambers alternat-
ing with transition radiation ele-
ments in the forward direction, to-
gether with its special section of
beam pipe — is taking shape.

After initial installation to ensure
its compatibility with HERA ma-
chine components, the luminosity
monitor has been removed await-
ing the availability of well-con-
trolled beams.

KEK
Producing highly
polarized electrons (1)

With the Japan Linear Collider
(JLC) electron-positron project hav-
ing highest priority in Japanese
high energy physics planning, many
associated research and develop-
ment tasks are underway at the Ja-

4

Work at the Japanese KEK Laboratory has
shown how to obtain highly polarized elec-
tron beams from a laser-irradiated treated
semiconductor photocathode. Shown here is
the variation in polarization with laser wave-
length.

panese KEK Laboratory. Despite a
relatively recent appea'rance on the
scene, work on a polarized (spin
oriented) electron source has
nevertheless made significant pro-
gress.

After a brief but intensive spell
of work to find the optimal super-
lattice photocathode structure, an
impressive polarization level, 71
per cent, has been achieved for a
solid-state photocathode at room
temperature by a team of research-
ers from KEK, Nagoya and NEC
Corp (see also page 6).

This should go on to pay divi-
dends in a future research pro-
gramme. In the electroweak picture
of electromagnetism and the weak
nuclear force, "handedness’ plays a
vital role. Particularly when the
weak force is in action, Nature
cares about the direction in which
things happen, and a reaction open
to left-handed electrons can be to-
tally blocked for their right-handed
counterparts.

With particles spinning in their
direction of motion (clockwise) be-
ing right-handed, and those spin-
ning against the direction of motion

100 T T T T I T T T T I T T T T | T T T T T T T T
- { Measurement series 1 -
= ¥  Measurement series 2 A
80 — —
g I P EDTE
: 60 — 7 E
) i K3 ]
. E |
foprb ¥ '
E 40 :— E ]
[e) L B
al L 4
20 — —
O i 1 1 1 ] | 1 1 1 1 | 1 1 1 1 I 1 ] Il 1 | 1 L | — ]
700 725 750 75 800 B25

Photon Wavelength (nm)

being left-handed, polarized parti-
cles provide a powerful probe of
these effects.

Thus polarized beams are a ma-
jor goal in electron-positron collid-
ers. In conventional storage rings,
orbiting particles become trans-
versely polarized due to radiation
emission — for example, polariza-
tions of about 40 per cent were
observed at 29 GeV at KEK's TRIS-
TAN ring (December 1990, page
11) and 10 per cent at 50 GeV at
CERN’s LEP (November 1990, page
3). But this effect depends strongly
on machine parameters and is diffi-
cult to control.

In contrast, in a linear collider
such as JLC, once polarized elec-
trons are injected, the spin could
be maintained through to an inter-
action point, provided depolarizing
effects are avoided. Thus a key re-
quirement is a highly polarized elec-
tron source.

The conventional source is bulk
gallium arsenide with a negative el-
ectron affinity surface, illuminated
by circularly polarized monochro-
matic photons from a laser. But the
polarization obtainable this way

CERN Courier, May 1991



ABB INSTRUMENTATION AG.

Vous n’avez certainement pas encore

entendu parler de nous, ou bien?

C ’ est a la fois vrai et faux. Vrai, car

ABB INSTRUMENTATION AG, qui s’occupe
detechniques de mesure et de réglage, est une nouvelle
société qui vient d’étre fondée au sein du groupe ABB.

Faux, car notre prédécesseur, ABB Metrawatt AG, était

déja particulierement bien introduit dans ce domaine.

sionnel, gu’au niveau de l'optimisation des codts. En un
mot, nous sommes exactement le partenaire qu’il vous
faut si vous appréciez d’ores et déja les qualités excep-
tionnelles de produits tels que METRAWATT, GOERZ,
KENT-TAYLOR et INTROL VALVES, que nous représen-

tons en exclusivité pour toute la Suisse.

En tant que spécialistes, nous sommes a votre disposi-
tion pourtoutes les mesures dans les domaines électri-
que, physique et chimique. Nous nous occupons aussi
du traitement des données, telles que la préparation,
lanalyse, I'affichage, et l'enregistrement de signaux.
Nous sommes également en mesure de faire face aux
exigences complexes au niveau des vannes de réglage
et des accessoires. Nous avons de ce fait toujours une

longueur d’avance, tant au niveau technique et profes-

ABB INSTRUMENTATION AG n’est ainsi pas seulement
synonyme d’ingénierie et de conseils sur mesure, mais
également de vente et de garantie de service a long
terme. Accordez votre confiance a la flexibilité d'une
équipe extrémement qualifiée et au savoir-faire d’une

grande entreprise:

ABB INSTRUMENTATION AG

Glattalstrasse 63, CH-8052 Zurich, Téléphone 01/3023535
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never exceeds 50 per cent because
of spin degeneracy. One way to
eliminate this intrinsic limit is to re-
move the degeneracy by a suitably
arranged periodic potential in a su-
perlattice structure. If the level
splitting is made larger than the
thermal noise level, selective
pumping from a single state will be
possible. Subsequently the pumped
electrons need to be efficiently
transported from superlayer to su-
perlayer, with minimal depolariza-
tion in transit.

The important first step was an
optimization study of GaAs-Al-
GaAs superlattice parameters such
as layer thicknesses and Al con-
tent. The first photocathode result-
ing from this study was tested last
year with a titanium/sapphire tuna-
ble laser, and 53 per cent polariza-
tion was quickly seen.

Careful examination of this result
led to a second sample with thin-
ner superlattice layers. First
measurements gave 71 per cent
polarization at a wavelength of
802nm. Greatly encouraged by this
achievement, the collaboration is
aiming for even better production
polarized electron sources for JLC.

Polarized electron
sources

These two articles, from the
Stanford Linear Accelerator
Center (SLAC) in California,
and from the Japanese KEK
Laboratory, highlight the
world-wide effort underway
to develop new techniques
for the next generation of el-
ectron-positron linear acceler-
ators.

Highly polarized electron sources at Stan-
ford. Left, a thin (0.1 micron) indium gallium
arsenide layer on a gallium arsenide sub-
strate, when irradiated, shows increasing el-
ectron polarization, eventually attaining 71
per cent. At about 1.34 eV, the spectrum
shows the onset of the selective pumping of
electrons from a higher energy valence band
to the conduction band (see text). Right, a
‘thick’ 1. 14 micron layer with no crystal
strain shows no similar effects.
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STANFORD
Producing highly
polarized electrons (2)

Electron spin polarization above 70
per cent by photoemission from a
specially prepared semiconductor
has been achieved by T. Maruyama
and E. Garwin of the Stanford Li-
near Accelerator Center (SLAC), R.
Prepost and G. Zapalac of Wiscon-
sin, and J. Walker and S. Smith of
Berkeley.

Since the first use of a gallium
arsenide photocathode at SLAC for
the historic 1978 experiment which
saw left-right asymmetry in elec-
tron scattering, semiconductor
photoemitters have become stan-
dard for linear accelerators. These
sources give high peak currents
and short pulses, for example sa-
tisfying the 16 ampere/2.5 nanose-
cond pulse requirement for Stan-
ford’s SLC linear collider.

The conventional cathode mater-
ial, gallium arsenide, has a theoreti-
cal maximum polarization of 50 per
cent due to its crystal structure. In
practice, polarization levels of
about 40 per cent are achieved

with bulk gallium arsenide, while
thin epitaxial layers can approach
the theoretical 50 per cent limit.

For over a decade much effort
has gone into investigating other
semiconductors to avoid this inher-
ent limit due to valence band de-
generacy. This degeneracy can be
broken by deforming the crystal
structure or by engineering suitable
quantum wells or superlattice
structures, opening up the possibil-
ity of 100 per cent polarizations by
selective pumping of the higher en-
ergy valence band.

The SLAC/Wisconsin/Berkeley
group has looked at indium gallium
arsenide layers grown epitaxially on
a gallium arsenide substrate, with
the indium giving about a one per
cent lattice mismatch. If this top
layer is thin enough, the resulting
crystal has a compression strain
that splits the valence band degen-
eracy by some 50 meV.

Two samples were studied — an
0.1 micron indium gallium arsenide
layer thin enough to give a high
quality strained structure, while a
"thick” 1.14 micron layer without
strain provided a control.

The thin strained sample
showed a dramatic increase in el-
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CHANNELELECTRON MULTPLIERS
SERIES KBL

aglass ceramic design for the detec-
tion of ions, electrons, vacuum ultra-
violet and soft x-rays.

The CEM KBL series detectors com-
bine the advantage of a ceramic
body - close tolerance and extreme
resistance to breakage - with the
superior properties of lead glass.

O gain (at 2.5 kV), typ. ~1x10®
O dark count rate, typ. < 0.02 cps
O max. counting rate ~ 2x10°cps

We manufacture 10 standard CEM
models with funnel-shaped openings
ranging in size from 1.2 x 10mm
(rectangular) to 15mm OD (round)
or according to customer spezifica-
tions.

= aa= Dr. Sjuts Optotechnik GmbH
DPI. SJUT = === Max-Planck-StraBe 1
ile = == D-3411 Katlenburg-Lindau
Optotechnik = S Gomany

@ (49) 05556/1011
Fax.(49) 05556/4587

CERN/LEP HELMER GAUGE (CERN/ISR Design)
For pressure down to 10 2 Torr.

Gauge and power supply

* 4, rue de Longpont F. 91360 VILLEMOISSON
FRANCE Tél: 33 (1) 69 04 23 68 - Fax : 33 (1) 69 04 20 15
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ACCELERATOR AND
MAGNET TECHNOLOGY

Ambitious
Technologies,
Versatile Laboratories
and Distinguished
Manufacturing

500 MHz superconducting accelerator module
INFN/Frascati

Engineering and manufacturing for:

Normal and superconducting
accelerator systems

Normal and superconducting
magnet systems

UHV vessels / chambers

RF components / cavities

Cryogenic components and systems
Beryllium windows

Interatom GmbH

Accelerator and Magnet Technology
Friedrich-Ebert-Stral3e

W-5060 Bergisch Gladbach 1
Germany

Telephone + 49 22 04 84 22 88
Telefax + 49 22 04 84 30 45

INTERATONE
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boisé, au-dessus de Bellegarde (01), ces 2 petits
immeubles de 16 logements chacun disposent
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Leur conception et leur qualité de finition
assurent au résident un mode de vie unique.

Cette copropriété de grand standing comporte
des appartements spacieux, aux surfaces
modulables, et avec garages.
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* A big new solar neutrino de-
tector is also being constructed
in the Baksan Laboratory in the
Soviet Caucasus. A report will
be included in our June issue.

ectron polarization, eventually at-
taining 71 per cent at 1.26 eV. The
thick sample showed no such en-
hancement.

A way is open for high polariza-
tion and high quantum efficiency
photocathodes for linear accelera-
tors.

JAPAN
Super-Kamiokande
goes ahead

Now approved and funded is the
Japanese Super-Kamiokande pro-
ject for a greatly enlarged under-
ground neutrino detector. Costing
8.7 billion yen ($62 million), con-
struction is getting underway now.
and will continue until early 1996.

The detector will contain 50,000
tonnes of water, viewed by
11,200 50-cm diameter photomul-.
tiplier tubes to pick up Cherenkov
radiation from traversing particles.

Underground physics began in .
the Kamiokande mine in the mid-
80s, the existing detector using
some 3,000 tonnes of water.

Neutrino observations from the
1987 supernova showed that neu-
trino astronomy has now an im-
portant role to play, while the
ongoing goal of solar neutrino
studies is to establish a complete
picture of neutrino emission from
the Sun.

The motivation for many under-
ground experiments came from
Grand Unified Theories (page 1)
and their prediction of an unstable
proton. With no sign of this insta-
bility yet found, the big new detec-
tor will be able to probe longer de-
cay times (103334 years).

Sketch of the Japanese Super-Kamiokande
underground neutrino detector, scheduled to
come into operation in 1996.
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SUPERCOLLIDER
Preparing
for experiments

Following an initial selection of two
experiments from the letters of in-
tent submitted last year (March,
page 3), preparations for the re-
search programme at the planned
US Superconducting Supercollider
(SSC) continue.

A two-detector scenario consist-
ing of the SDC Solenoidal Detector
Collaboration led by George Trilling
and the L* collaboration led by

Sam Ting has now been endorsed
by the SSC Laboratory as providing
opportunities for an outstanding in-
itial scientific programme with sig-
nificant complementarity, but which
will need the full participation of
the international community.

The next stage is submission of
a technical proposal/design report
from each of the two experiments
by April next year, showing that its
total cost will not exceed $500
million unless firm commitments
from overseas expand the budget
envelope.

This financial ceiling has serious
implications in particular for the L*

Electronics Hut
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¥ Anti-Counter
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proposal, where an independent
assessment indicates costs consid-
erably in excess of $500 million.
Cost reductions of some 15 per
cent in the basic detector design
are being sought.

In addition, a revised L* manage-
ment structure has been proposed,
with an Executive Committee led
by spokesman Sam Ting, and a
new Management Board whose
Chairman will also act as leader of
the US groups in the collaboration.
Barry Barish of Caltech has been el-
ected to this new position.

Meanwhile the now traditional
SSC Industrial Symposium, held
this year in Atlanta, attracted
strong interest. Department of En-
ergy SSC Project Manager J. Ci-
priano and SSC Laboratory General
Manager E. Siskin stressed that
building the 87-kilometre ring and
associated infrastructure to the
proposed budget and schedule will
be a major challenge, for which any
delays would add about a million
dollars per day.

"We're going to build what we
said we would build and we're go-
ing to be relentless in doing it,” in-
sisted Siskin. From the perspective
of the lISSC meeting, the project
resembles somewhat a major de-
fence-style project than a tradition-
al approach to physics facility con-
struction.

The big meeting mirrored the en-
thusiasm and momentum now be-
hind the SSC project in the wake of
Gulf War successes. The initial
physics community which launched
the SSC idea is now only a part of
what has become a major national
undertaking, backed by impressive
resources and widespread commit-
ment from the US Administration,
from Congress, from local authori-
ties, from the educational sector,
and especially from industry.
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DARMSTADT
Superconducting
electron accelerator
In operation

In December, the S-DALINAC su-
perconducting radiofrequency elec-
tron accelerator at the Nuclear Phy-
sics Institute of Darmstadt’s Tech-
nische Hochschule was completed.
This pioneer continuous-wave
(c.w.) machine passed a major mi-
lestone several years ago when it
accelerated its first low energy el-
ectron beam (September 1987,
page 34).

The S-DALINAC consists of an
injector and a main linear accelera-
tor where the electron beam is ac-
celerated three times (an initial ac-
celeration pass and two subse-
quent recirculations). It has been
operated so far with beam energies
of 6, 29, 52 and 75 MeV, and
after initial acceleration tests will
be slowly tuned up to its rated en-
ergy of 130 MeV.

With the CEBAF electron ma-

The S-DALINAC superconducting electron
accelerator at Darmstadt. Right is the pre-
acceleration and injection beamline into the
10 MeV injector. After an initial pass
through the 40 MeV linac (centre right), the
beam is recirculated twice using the two
beamlines on the left. The electron beam
can also be deflected from the first recircula-
tion beamline into the undulator of a free el-
ectron laser (background). The tunable in-
frared laser beam’s 15 m optical cavity is
seen centre.

1
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chine (to provide continuous elec-
tron beams at 4 GeV) now under
construction at Newport News, Vir-
ginia, and with European nuclear
physicists pushing for high energy
electron machines (January/Februa
ry, page 22), initial S-DALINAC
performance will be followed with
much interest.

The Darmstadt accelerator, de-
signed mainly for nuclear physics
and free electron laser (FEL) re-
search, was originally planned by ¢
collaboration between Wuppertal’s
Gesamthochschule and Darm-
stadt’s Technische Hochschule.

Built at the latter institution by ¢
enthusiastic team comprising a
small scientific staff, a lot of stu-
dents and only a few technicians,
its successful completion shows
how an advanced and sizable tect
nical project can still happen at a
University laboratory.

(Another recent example, also
Germany, is the MAMI continuou:
electron source at Mainz, using
conventional accelerating technol
gy — April, page 12).

The Darmstadt accelerating ca
ties — one 0.25 m 5-cell cavity a:
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capture section in the injector and

ten 1 m 20-cell cavities behind it —
are made of niobium metal and are
of a now standard design.

However in contrast to the cavi-
ties now being used or introduced
in high energy electron machines
throughout the world, the S-DALI-
NAC cavities are operated at a
higher frequency (2997 MHz) and a
lower temperature (2K, using su-
percooled liquid helium). The high
frequency and thus small cavities
result in a very economic cryostat
and a slim accelerator.

The S-DALINAC delivers a con-
tinuous (c.w.) beam current and,
with the continuous variation of in-
put power in the injector and the
recirculating linac, a wide range of
beam energies (2-130 MeV), while
beam currents and their time struc-
ture can be varied to suit different
needs.

For nuclear physics experiments
beam currents of 20 microamps
with a bunch spacing of 334 ps are
available, while average beam cur-
rents of 60 microamps are used to
drive the infrared FEL (tunable be-
tween wavelengths of 2.5 and b
microns). In the latter case the el-
ectron bunches are 100 ns apart,
corresponding to a 10 MHz repeti-
tion rate. Peak current in the bunch
is then as high as 2.7 A.

Increased reliability and stability
have resulted from recent develop-
ments including the use of new
high purity 20-cell niobium cavities
manufactured at Dornier, Friedrichs-
hafen, and tuned for high field flat-
ness at Darmstadt. These cavities
are operated with accelerating
fields well in excess of 5 MV/m.

Furthermore, a microprocessor-
controlled radiofrequency system
to operate these cavities has been
constructed. Tuners with magne-
tostrictive elements integrated into
the r.f control have been developed
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and are now used routinely with all
cavities .

The accelerator has so far been
operated for 2600 hours with low
energy beams for nuclear physics
and channeling radiation experi-
ments. These studies are continu-
ing with higher energies, while the
FEL facility, whose undulator is
now in place, is also being put
through its paces.

The main accelerator develop-
ment programme will concentrate
on bringing the machine up to high-
er energies, in gaining long-term
operational experience and in test-
ing new superconducting cavity
types for very high energy super-
conducting accelerators in the con-
text of the TESLA (TeV Energy Su-
perconducting Linear Accelerator)
collaboration (April, page 16).

A 9-cell 5 GHz cavity fabricated
at Cornell and finished at Wupper-
tal will soon be installed and tested
with electron beams. Since the
Darmstadt accelerator can provide
true c.w. beams with narrow and
large bunch spacing both with and

without a superimposed macro-
structure, a ‘collider-like time struc-
ture’ of the beam is possible.

CEBAF
First experimental
equipment

The Continuous Electron Beam Ac-
celerator Facility (CEBAF) under
construction in Newport News, Vir-
ginia, has ordered its first major
piece of experimental equipment:
the superconducting toroidal mag-
net for the CEBAF Large-Accep-
tance Spectrometer, CLAS.

This large instrument will detect
multiparticle final states in nuclear
physics experiments in one of CE-
BAF’s three experimental halls. Six

First experimental equipment to be ordered
for the CEBAF electron accelerator under
construction at Newport News, Virginia, is
the Large-Acceptance Spectrometer.
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superconducting coils arranged
symmetrically around the beam
beamline will generate CLAS" mag-
netic field.

The $6.54 million contract went
to Oxford Instruments of the UK.
Eight experiments for CLAS have
been approved, with another six
conditionally approved.

Equipment procurement is also
advancing for the other two CEBAF
halls, one to have a pair of high re-
solution spectrometers, the other a
high momentum spectrometer with
complementary instrumentation.
The halls themselves are half fin-
ished.

BROOKHAVEN
RHIC intent

With construction of the Relativis-
tic Heavy lon Collider (RHIC) immi-
nent and its physics programme
expected to start in 1997, a call for
Letters of Intent for experiments
was issued last year.

Nine letters were submitted by
collaborations from over fifty uni-
versities and research centres, re-
presented by over 300 researchers
from the US and abroad. The pro-
posed detectors varied in their
scope and physics focus, but all
were designed with high segmenta-
tion to cope with the 10,000 or so
secondary particles expected from
each collision of gold nuclei at 100
GeV per nucleon per beam.

Such segmentation, and bunch
crossings every 114 nanoseconds,
put high demands on the density
and speed of the readout electron-
ics. The detectors also aim to util-
ize RHIC's flexibility to accelerate
ions ranging from the light (pro-
tons) at 250 GeV to the heavy
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(gold) at 100 GeV per nucleon, and
colliding different beams at several
energies.

These detectors will provide the
first look at the new domain of ex-
treme nuclear densities that is
RHIC’s hallmark. Each is designed
to focus on multiple indicators of
the formation of the long-awaited
quark-gluon plasma (QGP) and the
liberation of quarks from their con-
finement inside hadrons. These
heavy ion collisions are expected
to approximate to the conditions of
the microsecond following the Big
Bang, thus providing a new link be-
tween particle physics and cosmo-
logy.

The Letters can be grouped in
three broad categories — electron
and photon detectors augmented
with tracking for hadron identifica-
tion, tracking detectors that stress
particle production spectra, and
one muon detector.

Three letters belong to the first
category. TALES, proposed by a
Japanese-led collaboration, plans a
two-arm photon and hadron spec-
trometer with two conventional di-
poles for momentum analysis, time
projection chambers for tracking,
electromagnetic calorimetry for
photon and electron detection, and
ring-imaging Cherenkov counters
augmented by time-of flight count-
ers for particle identification. The
detector aims to pick up electron
pairs, a good probe of the quark-
gluon plasma since they are not
prone to final state strong interac-
tions.

The OASIS letter, submitted by
a collaboration led by Columbia and
Brookhaven, proposes a very large
axial field spectrometer, possibly
utilizing recycled magnet iron from
the Gatchina cyclotron in Lenin-
grad. The ambitious programme at-
tempts to identify several quark-
gluon plasma signatures simul-

taneously: a high resolution liquid
argon calorimeter of novel design
for electron and photon detection;
transition radiation trackers, time-
of-flight scintillators and Cherenkov
counters for hadron identification
and studies of jet production; and
finally silicon strip as well as silicon
drift detectors for vertexing and
global event characterization. The
detector is tailored to measure low
mass electron pairs and high trans-
verse momentum direct photons as
well as jets.

The third letter in this category
comes from a Stony Brook-led col-
laboration that uses a six-coil su-
perconducting air toroid configura-
tion with cesium iodide and lead-
glass calorimetry of varying levels
of energy and spatial resolution for
electron and photon measurements
augmented by transition radiation
tracking detectors for electron and
hadronic tracking, and silicon strip
detectors for vertexing and multi-
plicity detectors. The emphasis
again is on jet physics, direct pho-
tons and electron pairs at high
transverse momenta.

The next group of letters empha-
size hadron tracking and particle
production spectra in both trans-
verse momentum and angular dis-
tribution. A forward, variable angle
spectrometer is proposed by a
Brookhaven group, with septum di-
poles, a time projection chamber
for tracking, and Cherenkov count-
ers to measure particle yields. The
projected coverage extends from
the very forward baryon-rich region
well into the baryon-free region ex-
pected from quark-gluon plasma
formation. The sought-for signa-
tures are particle/antiparticle ratios
as well as the relative yields of var-
ious quark flavours, such as kaon
to pion ratios.

A complementary experiment,
MARS, led by a group from MIT,
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The core components in myon specitrometers,
more than 21,000 Cerenkov counters from Schoti.

N g
Sy U
i T —

2] TH
# Vi | i

(Photo: CERN)

In search of the structure of matter, energies and
directions of myons need to be determined. Quarks, as
they are called, and other instable fractional parts of
atoms are generated when highly accellerated electrons
and positrons collide.

To produce precise proof of the spectrum of these
elementary particles more than 21,000 Cerenkov glass
blocks made by SCHOTT are in use. These lead silicate
glasses, such as SF3, SF5 and SF 57, are successfully
employed in the myon spectrometers OPAL and DELPHI
(at CERN) and JADE (at DESY).

The extreme properties inherent in glasses from SCHOTT
make possible the precision — which is beyond imagina-
tion — required for these experiments:

O High density of glass — short radiation length.

O High internal transmittance in the Cerenkov radiation
wavelength range.

O High refractive index — low detection limit for fast
particles.

O High radiation resistance — long service life.

HED-1, the newly-developed scintillation glass from
SCHOTT, is another important medium of detection for
high energy particles in nuclear physics. As compared
with lead silicate glasses, its luminous efficiency is
substantially higher, while energy decomposition is also
higher.

Special glasses from SCHOTT contribute toward maxi-
mum performance results in all fields of science and
research.

SCHOTT GLASWERKE
Geschéftsbereich Optik
Verkauf Optisches Glas
Postfach 2480, D-6500 Mainz
Telefon 06131/66-0
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chose a superconducting axial
magnetic field with a full ring of
‘straw’ drift tube tracking and time-
of-flight counters to measure parti-
cle yields in the central region. The
design stresses modular construc-
tion with a potential for expansion
should the physics warrant it.

Two large tracking detectors
propose measuring particle yields
using the time projection chamber
technique. A Berkeley-led collabo-
ration chose a superconducting so-
lenoid surrounding a time protec-
tion chamber to measure particle
spectra, hard jet processes, and
meson production as well as two-
particle correlations indicating the
size of the QGP interaction volume.
The time projection chamber would
be augmented by a silicon strip de-
tector to handle vertexing and mul-
tiplicities, and an electromagnetic
calorimeter for photon detection in
addition to a time-of-flight system.

The second time projection
chamber, from users of the Brook-
haven AGS multiparticle spectro-
meter, chose a dipole magnet with
nearly complete solid-angle cover-
age in tracking, and time-of-flight
systems in the forward directions.
The detector is designed to pro-
vide full event characterization, as
QGP formation will produce re-
markably different particle spectra
to those of normal hadronic inter-
actions.

Finally, a detector proposed by a
collaboration led by a group from
Oak Ridge will concentrate on
muon pair detection. The design
utilizes superconducting toroids in
the central as well as the end-cap
regions filled with steel and alumina
absorbers to stop hadrons and
provide a clean sample of muons.
The heavy detector is segmented
into a central system and two end-
caps. A small ‘port spectrometer’
has no absorber and is equipped
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with tracking and calorimetry to
study hadronic as well as direct
photon production at high trans-
verse momenta. Silicon strips pro-
vide vertexing as well as tracking in
the port spectrometer.

The physics programme for all
these detectors involves studies of
proton-proton, proton-nucleus and
nucleus-nucleus collisions to study
the evolution of QGP signatures
with increasing nuclear density.

The RHIC project is funding, re-
search and development in readout
electronics, triggering and data ac-
quisition, silicon strip detectors,
time-of flight systems, photon ca-
lorimeters, and hadron absorbers.

In addition to the plans for heavy
ion experiments, a letter submitted
by a Brookhaven-led collaboration
proposes to use the colliding pro-
ton option to study proton-proton
reaction rates at collision energies
up to 500 GeV. While proton-anti-
proton reaction rates have been
measured elsewhere at collision en-
ergies up to 1.8 TeV, proton-pro-
ton rates have only been studied at
much lower energies, and RHIC can
fill this gap. The proposal calls for
scintillator fibre detectors a few
millimetres from the beam to meas-
ure scattered protons at the lowest
possible momentum transfer.

Two or more medium/large de-
tectors would be the ideal RHIC
scenario, but final decisions have
to be matched to the resources
available. After looking at the let-
ters of intent, Brookhaven manage-
ment is looking for a consolidation

Interconnection between dipole magnet
(right) and quadrupole/sextupole assembly
for the RHIC high energy ion collider to be
constructed at Brookhaven.

RHIC magnets

The first prototype supercon-
ducting magnets for Brook-
haven’s RHIC Relativistic Hea-
vy lon Collider have success-
fully passed initial perfor-
mance tests. RHIC will use
1600 such magnets, some
400 of which will be built by
Brookhaven, the remainder
coming from industry, but
based on the Laboratory’s
prototypes.

A ceremony on 12 April
marked the beginning of RHIC
construction. Keynote speak-
er was Presidential Science
Advisor D. Allan Bromley.

of effort to achieve as many phy-
sics objectives as possible with the
initial detector complement allowed
by the available funding. A meeting
at Brookhaven on 19-20 April ex-
plored these possibilities.
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Physics
monitor

NEUTRINOS
Moriond spotlight

The regular ‘Rencontres de Mo-
riond” meetings in the French Alps,
which celebrate their 25th anniver-
sary this year, have a strong tradi-
tion of reflecting new trends in
physics thinking and January’s ses-
sion on 'Tests of Fundamental
Laws in Physics’ was no exception.
The spotlight this time fell on the
neutrino sector, a branch of phy-
sics frequently in evolution, if not
controversial. Currently the solar
neutrino problem is still a preoccu-
pation, while a wave of new heavy
neutrino results also awaits clarifi-
cation.

The Moriond neutrino sessions
began with a review by D.Vignaud
of the status of the "solar neutrino
problem’ — the discrepancy be-
tween theoretical predictions
(based on solar model calculations)
and the experimentally observed
fluxes of neutrinos from the Sun.

So far solar neutrinos have been
detected in two experiments: the
pioneer study led by Ray Dauvis,
which began data-taking in 1970
and continues to run, and the Kam-
iokande Il collaboration, operational
in Japan since 1987.

The former uses the chlorine-
37/argon-37 radiochemical method
for detecting solar neutrinos, sug-
gested in 1946 by Bruno Pontecor-
vo and somewhat later indepen-
dently by Luis Alvarez. Neutrino
capture in chlorine-37 has a thre-
shold energy of 0.816 MeV. Davis’
team uses a tank filled with 615
tons of perchloroethylene, and the
observed average rate of argon-37
production over 20 years is ap-
proximately one atom every two
days.

A remarkably efficient radio-
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The temperature of the incandescent gas
(mainly hydrogen) ball of the Sun ranges
from 6000 degrees at the surface to 15 mil-
lion degrees at its centre, where proton
nuclei fuse together into deuterium, liberat-
ing a positron and a neutrino. Subsequently
other reactions produce additional neutrinos,
but most solar neutrinos emanate from the
central fusion process.

Gamma rays -

Electromagnetic energy (photons) from nu-
clear reactions deep inside the Sun can take
millions of years to migrate to the surface
and escape. Neutrinos on the other hand
give a unique glimpse deep into the Sun’s in-
terior, but the interpretation requires a repre-
sentative sample of these elusive particles.

Handom walk

" radiation pattern

chemical method had to be devel-
oped to extract and detect the pre-
cious few unstable argon-37 atoms
(half-life 35 days) produced by the
solar neutrinos during exposures
ranging typically from 35 to 60
days.

The Kamiokande Il collaboration
looks for Cherenkov radiation from
neutrino interactions in a tank con-
taining 3000 tons of water, of
which only 680 tons are used for
solar neutrino detection. The de-
tector is presently capable of regis-
tering solar neutrinos above 7.5
MeV.

Both studies register neutrinos
supposedly emitted in the decay of
boron-8 with energies up to 14
MeV. According to current wis-
dom, boron-8 neutrinos are only a
small fraction (one in ten thousand)
of the total flux of solar neutrinos
on the Earth’s surface — approxi-

mately 6 x 100 per sq cm per s.
The predicted value of the bor-
on-8 neutrino flux is extremely sen-

sitive to the temperature in the
Sun’s core where these neutrinos
are thought to be produced.

Approximately 14 per cent of
the argon-37 production rate seen
by Davis’ team is predicted to be
due to monochromatic 0.86 MeV
neutrinos produced with lithium-7
by electron capture in solar beryl-
lium-7.

The solar-neutrino-induced event
rates observed by Davis’ team and
Kamiokande Il are typically several
times smaller than predictions
based on detailed solar model cal-
culations. Estimates of the uncer-
tainties in these calculations indi-
cate that the discrepancy between
the predicted and the observed ev-
ent rates could actually be smaller.

It was suggested in 1982 by
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The solar neutrino flux (compared with the
predictions of the Standard Solar Model —
SSM) as seen by the Kamiokande Il detector
in Japan shows no appreciable time vari-
ation. Some hypotheses call for the solar
neutrino signal to be linked with the sunspot
cycle.
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89 90 91
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G.A. Bazilevskaya et al. that the
solar neutrino flux detected by Dav-
is’ team varies in time, being
(anti)correlated with the solar activ-
ity. A measure of the Sun’s activity
is the number of sunspots on its
surface, in turn related to the
strength of the toroidal component
of the solar magnetic field. The lat-
ter is known to vary over a 11-year
half-cycle, the last two maxima of
the sunspot number having been in
1979-1980 and in 1989-1990.

D. Vignaud presented the results
of four independent statistical ana-
lyses of data from Davis’ team, all
reporting evidence for (anti)corre-
lation, although at very different
levels of statistical significance.

The results of the Kamiokande Il
collaboration on possible variation
of the solar neutrino flux from
1987-1990, presented by Y. Suzu-
ki, show no time variations.

Solar neutrino studies have been
boosted recently by the arrival of
two new detectors — SAGE (So-
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viet-American Gallium Experiment
in the Baksan Neutrino Observatory
— June 1990, page 16) and Gallex
(built by a collaboration of scien-
tists from France, Germany, Israel,
Italy and the US and installed in the
Italian Gran Sasso Laboratory, Jan-
uary/February, page 10).

Rather than looking at a remote
fringe of the solar neutrino spec-
trum, the major aim of these two
experiments is to detect the major
portion of the solar neutrinos —
those accompanying proton fusion
into deuterium, with a maximal en-
ergy of 0.42 MeV. This fusion is
the first of a series of reactions ev-
entually producing helium-4 and
providing more than 98 per cent of
the Sun’s energy.

Measurements of this part of the
solar neutrino flux would test basic
ideas about the processes taking
place in the initial stage of stellar
evolution. Since these neutrinos
come from a reaction which plays a
fundamental role in the solar ener-

gy balance, their flux can be calcu-
lated more accurately than that of
boron-8 neutrinos.

The theoretically predicted gal-
lium-71/germanium-71 conversion
rate in SAGE and Gallex due to so-
lar neutrinos is approximately one
atom per day, requiring the perfec-
tion of very efficient techniques to
extract and detect the few german-
ium-71 atoms produced in the 30
ton detectors during typical expo-
sures of 20-30 days.

Results from the first five phy-
sics runs of the SAGE collabora-
tion, which took place between
January and July last year, were
presented at the Workshop by V.
Gavrin. The observed rate of ger-
manium-7 1 formation was found to
be slightly above that expected due
to background processes, with an
upper limit of 74 SNU (each Solar
Neutrino Unit — SNU — represents
10738 solar neutrino captures per
second per atom of target), smaller
than the theoretically predicted rate
of 132 SNU. (The contributions
due to proton fusion, beryllium-7
and boron-8 neutrinos in the calcu-
lated rate are 71, 34 and 14 SNU,
respectively.)

A crucial step in the interpreta-
tion of these results will be
measurements of germanium-71
produced by neutrinos from a cali-
brated source.

A status report of the Gallex ex-
periment was given by D. Vignaud.
Here data-taking is not possible for
the time being because of contami-
nation of the detector by an unex-
pectedly large amount of radioac-
tive germanium-68. This isotope
was probably produced when the
gallium-71 source material for the
detector was stored for a certain
time prior to installation under-
ground without being protected
from cosmic rays. This problem is
being attacked.
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The solar neutrino results of the
Davis, Kamiokande Il and SAGE ex-
periments could have important im-
plications for particle physics, sig-
nalling unconventional neutrino pro-
perties (like nonzero mass and mix-
ing and/or a significant magnetic
moment). The latter could imply
partial conversion (due to vacuum
or matter-enhanced oscillations
and/or spin-flavour precession) of
solar electron-type neutrinos into
neutrinos of a different kind, unde-
tectable by the current experi-
ments, the transitions occurring
during the solar neutrinos’ journey
from the central region of the Sun
to the Earth’s surface.

Hopefully new results from
SAGE and Gallex over the next four
years will help identify the cause of
the solar neutrino problem, now
more than fifteen years old.

With the Japanese Govern-
ment's December approval for the
improved 'Super-Kamiokande’ de-
tector (see page 9, reviewed at
Moriond by Y. Suzuki), there are
three more solar neutrino experi-
ments in preparation (the other two
being the Sudbury heavy water ex-
periment in Canada — January/Fe-
bruary 1990, page 23, and the
Baksan chlorine-37 experiment,
five times bigger than Davis’).

All three are expected to accu-
mulate much higher statistics than
their predecessors. Although sensi-
tive only to boron-8 and beryllium-
7 neutrinos, they will be capable of
measuring the total flux and spec-
trum of boron-8 neutrinos with
high accuracy. The first results on
this spectrum from Kamiokande I
gave an initial glimpse of its shape.

Talks by R. Lannou, G. Zacek
and R. Gaitskell on new methods of
solar neutrino detection heralded
the dawn of low energy threshold,
high statistics, real-time detectors
capable of measuring the spectrum
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of solar neutrinos from proton fu-
sion.

Measurements of the overall so-
lar neutrino spectrum and its differ-
ent reaction components, which
probably will not materialize before
the end of the century, will reveal
nuclear reactions deep inside the
Sun, giving new information about
solar physics.

The 17 keV neutrino (April, page
9) made a reappearance at Mo-
riond, the first evidence (in the beta
decay of tritium) having been pre-
sented by John Simpson in the
January 1986 session. Sub-
sequently, six spectrometer experi-
ments looking for possible distor-
tions of the beta-spectra of sul-
phur-35 and nickel-63 due to the
emission of a 17 keV mass neutri-
no were performed between 1985
and 1989, all reporting negative re-
sults.

Meanwhile two additional experi-
ments (with tritium and sulphur-35
implanted in semiconductor detec-
tors) by Simpson and his student
Andrew Hime confirmed the 17-
keV sighting. Searches for a 17
keV neutrino continued by Hime
and Nick Jelley at Oxford (with a
sulphur-35 source), by Eric Nor-
man’s group at Berkeley (with a
carbon-14 source), by a group at
Zagreb (with germanium-71), all us-
ing semiconductor detectors and
by a group at Caltech using a sul-
phur-35 source with a spectro-
meter.

Initial data from all these experi-
ments were reported at the Work-
shop, the first three of seeing di-
stortions in the beta spectra com-
patible with emission of a 17 keV
neutrino, while the Caltech-based
group gives a negative result.

With the electron coupled to a
17 keV neutrino as well as a mass-
less (or lighter than 10 eV) neutri-
no, a new scenario is called for. In

the neutrino mass and mixing hy-
pothesis the electron-, muon- and
tau-type neutrinos do not have def-
inite masses, but rather are super-
positions of at least three neutrino
states of definite mass, at least
some of which are nonzero.

The standard electroweak theory
has only massless neutrinos, so
that observation of a 17 keV neu-
trino could be the first evidence for
the incompleteness of this theory.

Nonzero neutrino masses and
mixing imply a remarkably rich
spectrum of possible neutrino pro-
perties, a whole 'new world’ of ele-
mentary particle physics. In particu-
lar, the electrically neutral massive
neutrinos can be Dirac-type (having
distinct antiparticles) or Majorana-
type particles (coinciding with their
own antiparticles), the type being
determined by the symmetries of
the underlying theory.

Dirac neutrinos can have intrinsic
characteristics like magnetic and el-
ectric dipole moments which are
zero for the Majorana neutrinos.
Phenomenological considerations
indicate that the 17 keV neutrino
should be a Dirac particle if there
are only three massive neutrinos
and the neutrino oscillations are the
cause for the solar neutrino prob-
lem. It can be a Majorana particle
if, for instance, there are more than
three neutrinos with definite mass.
In this case at least one more 'hea-
vy’ Majorana neutrino should exist.

A 17 keV neutrino cannot be
stable: cosmological arguments
suggest that it should decay suffi-
ciently fast into, e.g., three light
neutrinos, or a light particle and
neutrino. It should also show up in
oscillation experiments with elec-
tron neutrino (and antineutrino)
beams, leading to effects (for ex-
ample the "appearance’ of tau neu-
trinos) of the order of one or two
percent.
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* The June issue will include an
article on the COBE results.

Also reported at the Workshop
were new results from cosmic ray
studies; searches for dark matter,
deviations from Newtonian gravita-
tion, time-reversal violation in beta
decay, the electric dipole moment
of the neutron, and neutron-anti-
neutron oscillations; strong field
tests of gravitational theories and
other subjects.

For the first time the session had
an interdisciplinary character, with
an invited lecture by Ed Fredkin on
'Digital Mechanics: the Universe as
a Computer’. The improvised even-
ing concert of classical music,
given by attending physicists Mi-
chael and Myriam Treichel, Jim
Faller, Elisabeth Ribs and Tibault
Damour added to the pleasant in-
formal atmosphere which is one of
the elements of Moriond success.

By S.T. Petcov

ASTROPARTICLE
PHYSICS
New synergy

Two major recent experimental re-
sults have further strengthened the
links between particle physics and
cosmology. These are the confir-
mation by experiments at CERN’s
LEP electron-positron collider that
there are only three species of light
neutrino, as predicted by Grand
Unified Theories and needed for
primordial nucleosynthesis, and the
results from the US Cosmic Back-
ground Explorer (COBE) satellite
that show beyond any doubt that
the cosmic background radiation is
primordial.*

With this in mind, a new inter-
national school was initiated re-
cently by Houston’'s Advanced Re-
search Center {HARC) and co-spon-
sored by the nearby Superconduct-
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ing Supercollider Laboratory. It at-
tracted many distinguished speak-
ers in this rapidly evolving field, re-
sulting in a wide-ranging and stimu-
lating scientific programme.

CERN’s John Ellis discussed the
Standard Model of Particle Physics
and beyond, and the implications
of recent LEP data (April, page 1).
Rocky Kolb of Fermilab gave an in-
troduction to the Standard Big
Bang, while School Director Dimitri
Nanopoulos of Texas A&M and
HARC presented a unified view of
the two fields.

David Schramm of Chicago dis-
cussed the important issue of pri-
mordial nucleosynthesis, with the
observational basis covered by
Greg Shields of Texas (Austin). Ro-
bert Wagoner of Stanford exam-
ined probes of the Universe at all
scales, from nuclei to supernovae.
Andre Linde, now at Stanford,
looked back to the very early
stages of the Universe, including
the inflation mechanism linking the
initial Big Bang to present large-
scale structure.

Mark Srednicki of Santa Barbara
reviewed the need for Dark Matter,
leaving his colleague David Cald-
well to look at experimental
searches for it. George Smoot of
Berkeley discussed the beautiful
COBE results confirming the nature
of the cosmic background radi-
ation, while Alan Dressler of Mt.
Wilson and Las Campanas Obser-
vatories reviewed the intriguing
large-scale structures, including the
great attractor, the great wall and
similar concentrations of matter,
revealed by recent astronomical
surveys. Nicola Vittorio of D'Aquila
and Joe Silk of Berkeley tried to
make sense of it all.

Neutrinos are never far from the
physics headlines — currently solar
neutrino observations are in a state
of flux and there is a spate of re-

Dimitri Nanopoulos — strengthening links
between particle physics and cosmology

ports on 17 keV neutrinos (see
page 21). John Bahcall of Princeton
was among the neutrino speakers
at the Texas meeting.

The status of Big Science was il-
lustrated in talks on the US Super-
conducting Supercollider (SSC)
from Fred Gilman, SSC’s Associate
Director of Physics Research; on
NASA's role from Venon Jones;
on the European Space Agency’'s
work from Giacomo Cavallo; and
on Hubble telescope from Peter
Stockman of the Space Telescope
Science Institute.

The meeting showed that while
the "'Standard Models" of both par-
ticle physics and cosmology were
doing fine, some refinements are
necessary, especially for the Big
Bang picture, at a loss to explain
new large-scale structure. New si-
mulations show that even cold dark
matter, until now the best candi-
date for the missing material of the
Universe, may not fit the bill. New
observations over the next few
years will help to clarify many of
the major issues in both particle
physics and cosmology. Hopefully
a clearer picture will emerge before
the second school in this series.

From Dimitri Nanopoulos

CERN Courier, May 1991



La Silice, code Corning
7940, est un dioxyde
de silicium amorphe
et synthétique de tres
grande pureté. Cette
Silice transparente as-
socie un bas coeffi-
cient de dilatation
thermique avec de re-
marquables propriétés
optiques. Elle est pro-
posée en différentes
qualités pour des ap-
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Optiques pour Laserde
haute énergie, ou Opti-
que instrumentale.

Fused Silica, Corning code 7940, is a
syntheticamorphous silicon dioxide of ex-
tremely high purity. This colorless, Silica glass
combines avery low ther-
mal expansion coefficient
with excellent optical qualities
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different applications such as high
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Superconducting Super
Collider Laboratory

The SSC Laboratory, a major research and development
center, will support 2,000 staff members; the SSC
Laboratory provides extraordinary career opportunities
in frontier science and technology.

Career and term positions are available at all levels.

Electrical
Accelerator Research Engineers
* RF Power ¢ Detector * Power Systems
* Vacuum Systems Development ~ * Magnet
* Cryogenics e Experimental * RF o
* Design Facilities * Analog/Digital
¢ Instrumentation  ® Physics hardware

and Controls Research experience

* BSEE, MSEE
Magnet Visiting Mechanical
Development Scientist Engineers
* Test SC Magnets  * Positions * Cryogenics

¢ Production
* Process control
* BSME, MSME

Available in
all divisions

* Magnet Design
¢ Instrumentation

and Controls

Send letter indicating position desired,
resume and three references to:

MS-2050/CC
2550 Beckleymeade Ave., Suite 125
Dallas, TX 75237

An Equal Opportunity/Affirmative Action Employer

The following professionals are particularly sought at this time.

Experimental High Energy Physicists

Participate in research and development for the SSC detector components,
design of the related experimental facilities to support of the SSC
experimental program, and ongoing HEP research.

Qualifications: Ph.D. in experimental particle physrcs Experience with
large detector systems preferred.

Computational Physicist/Engineer
Perform magnetic field computations in support of the SSC magnet design
and construction program.

Qualifications: An advanced degree in Physics, Electrical or Mechanical
engineering; experience with the commonly available computer codes for
magnetic field calculations. Experience with FORTRAN (preferably in a
scientific computing environment) and with UNIX and VMS.

Collider Injector Physicists and Engineers

Take part in the accelerator design, and specification and implementation
of the engineering systems.

Qualifications: Degree in Physics or Engineering; equivalent experience
with modern computational methods; significant experience in accelerator

construction and operation desirable; ability to work within a team and to

interact with and communicate with other technical groups.

Magnet Test Physicist

Participate in the SSC superconducting magnet test program at FNAL,
BNL, and SSCL.

Qualifications: Ph.D. in experimental physics (particle physics preferred).
Experience with hardware and software; ability to plan and carry out
testing programs.
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People and things

Laboratory
correspondents

Argonne National Laboratory, USA
M. Derrick

Brookhaven National Laboratory, USA
A. Stevens

CEBAF Laboratory, USA
S. Corneliussen

CERN, Geneva
G. Fraser

Cornell University, USA
D. G. Cassel

DESY Laboratory, Fed. Rep. of Germany
P. Waloschek

Fermi National Accelerator Laboratory,
USA
M. Bodnarczuk

GSI Darmstadt, Fed. Rep. of Germany
G. Siegert

INFN, Italy
A. Pascolini

IHEP, Beijing, China
Qi Nading

JINR Dubna
B. Starchenko

KEK National Laboratory, Japan
S. lwata

Lawrence Berkeley Laboratory, USA
B. Feinberg

Los Alamos National Laboratory, USA
0. B. van Dyck

NIKHEF Laboratory, Netherlands
F. Erné

Novosibirsk Institute, USSR
V. Balakin

Orsay Laboratory, France
Anne-Marie Lutz

PSI Laboratory, Switzerland
J. F. Crawford

Rutherford Appleton Laboratory, UK
Jacky Hutchinson

Saclay Laboratory, France
Elisabeth Locci

IHEP, Serpukhov, USSR
Yu. Ryabov

Stanford Linear Accelerator Center, USA
W. Kirk

Superconducting Super Collider, USA
N. V. Baggett

TRIUMF Laboratory, Canada
M. K. Craddock
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HERA book

The HERA electron-proton collider
soon to be commissioned at the
DESY Hamburg Laboratory is the
subject of a new book (in German)
by DESY staffer Pedro Waloschek.

‘Reise ins Innerste der Materie’
(Journey into Innermost Matter)
published by DVA recounts the
building of the 6.3 kilometre collid-
er and explains its scientific goals.

As well as being a distinguished
scientist and author, Waloschek
has faithfully served as DESY'’s
CERN Courier correspondent since
1979. Since then scarcely a month
has gone by without him keeping
the CERN Courier, and thereby its
25,000 readers throughout the
world, up to date on developments
at DESY.

Quark Matter 91

‘Quark Matter 91°, the Ninth Inter-
national Conference on Ultra-Rela-
tivistic Nucleus-Nucleus Collisions,
to be held 11-15 November in Gat-
linburg, Tennessee, will be dedi-
cated to the memory of Leon Van
Hove, Research Director General of
CERN 1976-1980 and pioneer in
studies of the quark-gluon plasma,
who died last year.

As in earlier meetings, the em-
phasis will be on experimental and
theoretical investigations of the
production and properties of the
long-awaited quark-gluon plasma.
Franz Plasil is Chairman of the Or-
ganizing Committee. Further infor-
mation — Quark Matter 91, Building
6003, MS 6372, Oak Ridge Nation-
al Laboratory, PO Box 2008, Oak
Ridge, Tennessee 37831-6372,
phone (615) 574 4681, fax (615)
576 2822, bitnet QM9I1 at
ORPHO 1

CERN Courier
index

The index for Volume 30
(1990) of the CERN Courier is
now available from Petra
Pamblanco, Publications,
CERN, 1211 Geneva 23,
Switzerland (fax (+41) 22 782
1906, bitnet petra-pamblanco
at macmail.cern.ch). Please
specify whether you require
an English or French edition.

Nobuyuki Tanaka 1937-1991

Noby Tanaka, scientist and inter-
national research collaborator at
the Los Alamos Meson Physics Fa-
cility (LAMPF) died on 23 February
after a brief illness.

Noby came to LAMPF in 1969
after a doctorate from Tufts and
became a key member of the High
Resolution Spectrometer team. He
subsequently joined in many colla-
borations on HRS and other LAMPF
spectrometers, especially in the
face of difficult challenges, such as
mounting polarized targets in the
spectrometers, and Noby's role
brought him the friendship and es-
teem of colleagues from abroad.
Subsequently he worked on polar-
ized target experiments at Fermilab
and was involved in planning for
spin physics at the UNK machine
being built at the Soviet Institute
for High Energy Physics, Serpuk-
hov. LAMPF founder Louis Rosen
said ‘Noby'’s death leaves an empty
place in our hearts as well as our
plans’.
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Klaus Steffen 1925-1991.

Klaus Steffen 1925-1991

Klaus Steffen, well-known accelera-
tor expert and one of the early staff
members of the DESY Laboratory
in Hamburg, died on 17 March. He
had retired from DESY last year but
continued to work enthusiastically
on several new projects.

After eighteen months at the US
Cambridge Electron Accelerator, in
1958 he began his Hamburg career
in high energy electron accelerators
and beam optics with Willibald
Jentschke. After being involved in
the construction of the 6 GeV
DESY synchrotron (in particular the
magnets for the experiments) and
the 450 MeV linac, his masterpiece
was the DORIS electron-positron
storage ring, commissioned in
1974 and still in operation.

His knowledge of beam optics
and magnet design proved invalua-
ble in the construction of other ac-
celerators. In particular he devel-
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oped the ‘mini-beta’ focusing sys-
tem for the PETRA storage ring
and the spin rotators for the new
HERA electron ring.

The direct and clear way he ex-
pressed opinions, proposed solu-
tions and pointed out problems —
always constructively and objec-
tively — was highly appreciated,
making him an ideal partner to dis-
cuss new ideas and projects. His
excellent contacts included collea-
gues from Laboratories all over the
world.

Sakharov-70

The 21 May would have been the
70th birthday of Andrei Sakharov,
who died on 14 December 1989
(January/February 1990, page 29).
The anniversary is being celebrated
by some conferences in the USSR,
and the reminiscences of collea-
gues will be published in a book
"Andrei Sakharov — Facets of a
Life’ (ISBN 2-86332-096-3) to be
issued by Lebedev Physics Institute
and Editions frontieres.

The contributions follow pivotal
periods of Sakharov's life, revealing
both scientific and humane aspects
of his personality. Many docu-
ments are published for the first
time. The collection underlines the
man’s remarkable impact on the in-
tellectual and moral foundations of
the modern world.

A special May issue of the re-
view journal 'Uspekhi Fizicheskikh
Nauk’ is also devoted to Sakharov,
containing his main scientific pap-
ers and other revealing contribu-
tions, providing a natural comple-
ment to the new book.

First protons in
HERA

On the night of 14/15 April,
the first protons (at 40 GeV)
were stored in the new 6.3
kilometre superconducting
ring of the HERA electron-
proton collider at the DESY
Laboratory, Hamburg. The
single bunch was held for
about a minute, making sev-
eral million turns.

The radiofrequency value
did not have to be changed,
meaning that the circumfer-
ence of the ring is correct.
The quadrupole and sextupole
correction magnets were not
brought into action, as the
machine’s working point and
chromaticity were at their ex-
pected values.

The next stage is to at-
tempt an initial beam acceler-
ation.
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TEXAS ACCELERATOR CENTER

Associate Directors

Positions are open for Associate Directors at the Texas Accelerator Center (TAC). TAC is a
division of the Houston Advanced Research Center (HARC), a nonprofit research institution
linked with 8 collaborative universities. Created in 1983, HARC has six research centers and
a staff of 125. The mission at TAC is to perform research in accelerator physics including
relevant spin-offs and training of physics students. It is anticipated that an Associate Director
would be eligible for a parallel regular faculty appointment at one of the collaborative
institutions and be able to advise Ph.D. graduate students. Technology transfer to industry is
an important consideration at TAC.

The required qualifications are the same as for the director, since they would, as associate
directors, be expected to function as director in his absence. These responsibilities include
directing existing research projects, initiating new research, interaction with funding
agencies, and administrative duties as director. TAC has a research staff of 10 physicists, 10
engineers and 15 technicians.

Present research at TAC includes:

» design, construction and testing of the ion source, the low energy beam transport and
the radio frequency quadrupole for the SSC:

» design and testing of superconductor for superconducting magnetic energy storage
(this is in collaboration with Bechtel and General Dynamics);

* design of a complete compact synchrotron light source and construction and testing of
one superconducting magnet for the ring.;

+ development of high field NMR for medical dlagnostws including the construction of
a 4 tesla, 1-meter-bore, self shielded solenoid;

« development of very high gradient cavities for future accelerators;

* R&D on greater than 25 Tesla superconducting magnets;

» development of a superferric self-shiclded magnet for magnetically levitated trains;
-» theory including non linear beam dynamics; and

» particle research on D0 at FNAL and SDC at SSC.

» TAC frequently collaborates with FNAL, ANL and BNL.

There are currently 12 physics graduate students doing their Ph.D thesis work at TAC on the
various projects. TAC has a special collaborative relationship with Rice University, Texas
A&M University, University of Houston, The University of Texas at Austin, Sam Houston
State University, Prairie View A&M University and the Baylor College of Medicine MR
Center. TAC is located at HARC in The Woodlands, Texas near Houston Intercontinental
Airport. For more information contact:

Contact: F. Russell Huson, Director
Texas Accelerator Center
4800 Research Forest Drive, Building I1
The Woodlands, Texas 77381
(713) 363-7925
Equal Opportunity Employer
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ARGONNE

NATIONAL
LABORATORY

Argonne National Laboratory (ANL) is currently seeking several pro-
fessionals for its 7GeV Advanced Photon Source (APS) Project. The
APS Project will be a national user facility producing extremely bril-
liant x-rays for applications in a broad range of scientific disciplines.

PHYSICIST

A Ph.D. in Physics and minimum ten years experience in ac-
celerator vacuum chamber systems are vital. Additionally, con-
siderable knowledge of ultra-high vacuum physics and technology,
surface physics and experimental techniques of surface science,
and safety practices are required. (Box# 89239)

SURFACE SCIENTIST

Requirements include a Ph.D.in Chemistry or equivalent and two
years experience with experimental and analytical surface science
studies at a large light source installation. Knowledge of physical
chemistry principles and practices; ultra-high vacuum system
technology, design and analysis; fabrication and machining of
materials; an understanding of machine grawings; and the ability
to prepare sketches is also necessary. (Box# 89271)

VACUUM ENGINEER

Adegree in Mechanical Engineering or equivalent and ten years ex-
perience are needed, along with excellent knowledge of ultra-high
vacuum construction and measurement techniques, general lab in-
strumentation, and good skills in interpreting results. (Box# 89281)

DIAGNOSTICS GROUP LEADER

A Ph.D. in Physics or Electrical Engineering or equivalent, and
comprehensive experience in the design of diagnostics hardware
and electronics are required. Technical challenges include the

. designing of: extremely sensitive beam positron monitors for the
storage ring, a broadband longitudinal damper system, and acom-
plex feedback orbit control system. Will also be responsible for a
budget of over eight million dollars, while recruiting approximately
four additional group members. (Box# 92412)

ELECTRICAL ENGINEER

Requires a Master’s degree in Electrical Engineering or Computer
Science; 5-7 years experience designing and programming hard-
ware interfaces, digital electronics, and data acquisition systems.
Experience with ‘C’, Unix, and data communications using
ethernet and VME are required. Knowledge of VXI and imple-
menting the latest communications architectures, including MXI
bus and FDDI is desired. (Box# 37995)

MICROWAVE SCIENTIST/ENGINEER

Requires a Ph.D. or equivalent in Engineering/Physics; knowledge
of general rf microwave science and technology, electromagnetic
theory and basic engineering fundamentals; and, an understand-
ing of high rf-power (pulsed) generating systems and the distribu-
tion of such rf-power. (Box# 82904)

Argonne is located in an attractive suburb 25 miles southwest of
Chicago, and offers an excellent salary and benefits package. Con-
fidential consideration can be obtained by sending a resume, in
response to the appropriate box number, to: Walter D. McFall, Box
J-APS-(Box#)-88, Employment and Placement, ARGONNE
NATIONAL LABORATORY, 9700 South Cass Avenue, Argonne,
IL 60439. Argonne is an equal opportunity/affirmative action
employer. (Use your PC to learn more about ANL and other available opportunities.

The experimental high energy group at the
University of Houston seeks a Research
Associate. The group's present involvements
include the Spin Muon Experiment, now
running at CERN, the Large Volume Detector,
now being assembled at Gran Sasso, and the L*
detector for SSC, now being designed. In-house
work includes both R&D, and production of
streamer tubes at the Streamer Chamber
Assembly and Research Facility (SCARF), and
the development of high T¢ superconducting
permanent beam magnets. The appointment
will not be reviewed until the third year.
Candidates should have a Ph.D. in high energy
physics, and be available as soon as possible, and
no later than September 1991. Applicants should
send a vita, list of publications, and the names of
three references to Prof. Roy Weinstein, Institute
for Beam Particle Dynamics, 632 SRI1,
University of Houston, Texas, 77204-5506. The
University of Houston is an Equal
Opportunity/Affirmative Action employer.

Dial (508) 263-3857 and key in the password ARGON.)
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BROOKHAVEN NATIONAL LABORATORY

Mechanical Engineer

Brookhaven National Laboratory, one of the nation’s leading
R&D facilities, has an opening for a mechanical engineer within
our National Synchrotron Light Source Department (NSLS) to
work on the design, analysis, fabrication, assembly and
installation of various magnetic, mechanical and support
systems of the Superconducting X-Ray Lithography Source.

We require a BS/MS degree in mechanical engineering and
several years relevant experience in finite element analysis of
thermal/structural problems. Experience in design and
fabrication of magnets and a knowledge of CAD/CAM, especially
AUTOCAD, is desirable. Must also be familiar with machine
shop practices.

Brookhaven offers a stimulating work environment and
excellent benefits. Please send your resume to: Lisa Lanzilotta,
Adv. #5059, Brookhaven National Laboratory, Associated
Universities, Inc., Personnel Division - Bldg. 185, Upton, Long
Island, NY 11973. Equal opportunity employer M/F.

| ) n | BROOKHAVEN
aul NATIONAL LABORATORY

ASSOCIATED UNIVERSITIES,INC.
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Add a powerful in-crate MicroVAX to your CAMAC system!

Your CAMAC data acquisition and control Features...
system can now include the power of Digital’s
ntVAX 300 processor! KineticSystems’ new ;
Model 3968 Vantage 300 places the incredible : E:Ts]tt:ﬁoﬁeivr/\())( %(\)/grl nE?hCé,rAnl\gf\C module
MicroVAX architecture on a CAMAC module. ° Functions as a front-end processor
- . . ] Interfaces to over 150 KSC I/O modules
Functioning as an intelligent front-end
processor, this new controller can be used in PTR
any CAMAC crate to perform scanning, closed Specifications...
loop control, monitoring, calculating, analysis,
data conversion, and a host of other realtime b 2.7 VUP, 20 MHz rtVAX 300 Processor
activities. So call today! [ ] Floating point coprocessor
° Ethernet coprocessor
° 4 Mbytes on-board memory
< CAMAC Dataway > ° ROM boot/diagnostics
° External SCSI port (optional)
[ KineticSystems ° Console terminal port
Dual-port Model 3968 Crate [} CAMAC Interface
Memory Controller ° VAXELN target software license
nterface Interface .
I I ° Dual-ported memory interface
< Processor bus ° DECwindows software interface
I . Network communications software
! ° CAMAC software support library
| } Iiir:fr;:; Prg(:/eAs)s(or szﬁmy (Optional)
| Expansion AKX 300
1 (SEst ete) ' Front Panel Kinetic Systems International S.A.
3 {1 T 3 chemin Tavernay e 1218 Geneva, Switzerland
Ethernet  Console [41]1(22) 7984445 « FAX[41](22) 798 0525
|
RESEARCH ASSOCIATE
STANFORD UNIVERSITY

The Stanford Synchrotron Radiation Laboratory (SSRL) is
seeking two accelerator physicists to assist with the operation
and development of SPEAR and its injector. SPEAR is a
dedicated synchrotron radiation source that is now starting to
operate with a newly built injector (Linac and Booster).

The successful applicants will work with a small group of
accelerator physicists with responsibility for the accelerator
physics studies of the SPEAR storage ring and its new injector.

Operating as a fully dedicated source, the SPEAR ring offers
immense capability and potential as a synchrotron radiation
source. Improvement plans include a low emittance optics,
better beam stability, higher stored current and higher energy
and several more insertion devices. The successful candidates
will also be expected to contribute to the long-term upgrade of
the facility involving state-of-the-art accelerator technology
and to the studies of new and advanced concepts in the field of
synchrotron radiation.

A Ph.D. in arelated field is required. For a senior position, at
least 5 years experience in accelerator physics is expected.

Applicants should write to Dr. Max Cornacchia, Stanford
Synchrotron Radiation Laboratory, Stanford University, P.O.
Box 4349, Bin 99, Stanford, CA 94309-0210, enclosing a
curriculum vitae and names of at least two references.

Affirmative Action/Equal Opportunity Empoyer
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UNIVERSITY OF GENEVA

The Department of Nuclear and Particle Physics is involved
inaprogram of detector development for the nextgeneration
of hadron colliders (LHC), and in particular at present a
study of electronidentification at high machine luminosities.

Applications are invited for the position of
RESEARCH ASSOCIATE

Responsibilities of the Geneva group in this program
currently include electronic and mechanical aspects of
detector design as well as associated physics simulations.
Some involvement in an ongoing physics program may
also be negotiated.

This postis limited toa maximum of sixyears, and applicants
should have a PhD or equivalent in High Energy Physics.
Applicants should send a resume describing their previous
experience and major interests, before 31 May 1991, to

Prof. Allan G. CLARK

Départment de physique nucléaire
et corpusculaire

24, quai Ernest-Ansermet

CH - 1211 Geneve 4
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BACKUP
4 TIMES MORE PERFORMANT ,
30 TIMES LESS RESTRICTING !

3H30 is the time it normally takes to save 5 GB
with the EXB 8500, 4 times faster than tradi-
tional tapes. This also allows you to execute
this operation with only 1 intervention ;
With RIMACOR you save 30 manual
interventions!

EXB 8500-5GB

EXABYTE

RIMACOR, OFFICIAL REPRESENTATIVE

_RIMACOR -
RIMACOR COMPUTER S.A. PHONE . :
CH-1196 Gland (VD) (022) 64 47 47/48/49
Neerach (ZH) (01) 858 06 58/59/61

RIM A C O R Computer S.A.

)

Control of all the fluids

Cryogenic/High temperature/Corrosive-thick
matter fluids/Microflow rate/Anti-cavitation/
Sharp pressure reduction/Anti-noise

ADAREG’s know-how meets the requirements of
each industry thanks to a deep knowledge of
operating conditions.

With their CONTROL VALVES and their manual or
on/off actuator VALVES, ADAREG controis all the
fluids : hot, cold, aggressive one, fluids under low
or high pressures, from low to high flow rates.

For any further information, please contact :

ADAREG S.A.
239, Rue du Jardin des Plantes
BP 186

F - 59018 LILLE CEDEX
Tel. : 20 52 01 40 - Fax : 20 52 69 82
TIx:132 860 F
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April -May News:

| * Boards shipped in 25 MHz

Version with 8 Mbytes Memory | |

- system
| * CES Board Support Package
available
* New commitments:
- LHC Test Systems
- CP Lear, NA 47
| - SDC Test Systems
* New environments supported:
- DEC ULTRIX
- Real-time UNIX
| * 10 years to support us...

Instant integration

Plug-in performance booster
for FIC based,
VALET+, 0S-9, VxWorks systems

All experiments equipped with CES data acquisition systems based around the FIC 8230 |
:| or FIC 8232 have enjoyed a trouble-free and smooth operation. '

| The coherent modular concept now allows us to make another step forward. The |:
RAID 8235 works in harmony with existing FIC-type processors - 8230 (MC68020) , |
| 8232 (MC68030), 8234 (MC68040), and its exceptional number crunching ability |
‘| complements their general purpose features perfectly .

One or more RAIDs can be located anywhere within a multicrate VME system; for |
example on the 3rd level trigger crate, event-builder crate, number-crunching crate, ...

| Avariety of packages (VMV/VICbus, Ethernet & RS232) have beendevelopedto connect |

to UNIX machines (DEC Silicon Graphlcs SUN) 1nc1udmg a high-speed MACII link.

"Brute-force"
Hardware

7 Mflops processor, 30 Mb/ |
sec VME/VSB block Mover

| Features :

| - Complete RISC processor

- 1 Standard 6U VME Slot

1 - R3000 MIPS, R3010 FPU,

R3020 Write buffers

| - 320r128Kbytes independent ||

and data instruction caches |,

1- 8, 16 or 32 Mbytes On-Board ||

| Dual Port memory ‘

- High Speed independent
Block Mover

1 - SCSI, Ethernet Interfaces

| - 2xRS232C Interfaces

| - General purpose Scalers

1 - Real-Time clock _

- 8 Kbytes Non-Volatile RAM |

- VME / VSB Master/Slave

"Smart Software"
UNIX, C, F77

|4 modes of operation :

. Single program, autonomous
. Single program, FIC controlled |
.FullReal-time Kernel (VRTX32) |:
. Full Real-time UNIX :

| Certified C and F77 compilers
| optimised for the R3000 CPU.

| VMV / VIC, Ethernet and RS232 |
{ down-line load packages.

| All of the board's features (VME,

| VSB, Block-mover, SCSI) are sup- |
| ported under high-level languages |
| (C, F77) through a set of software |
| products developed in collaboration |
| with the H1 experiment in DESY. |

For these and our other VME , CAMAC and FASTBUS modules, contact us :
Headquarters: CES Gene switzerland  Tel: (022) 792 57 45 Fax: (022) 79257 48
ranc Tel: (33) 50315500  Fax: (33) 5031 55 10

Germany

Tel: (6055) 4023 Fax: (6055)82 210

CES Creative E le(tromc Systems SA 70, Route du Pont-Butin Case Postale 107

CH-1213 PETIT-LANCY 1 SWITZERLAND



EUROPEAN ORGANIZATION
FOR NUCLEAR RESEARCH

Software for ] @‘ oo L RECAEaCHE RCLEAIRE
Electromagnetic %

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
=3 e magazine wrapper.)

Any enquiries regarding subscriptions
should be addressed to:

V-~ VECTOR FIELDS CERN COURIER) CERN

Vector Filds Ltd Vector Flekis Inc 1211 Geneva 23 Switzerland

24 Bankside, Kidlington 1700 North Farnsworth Av
Oxford OX5 1JE, England Aurora, IL 60505, USA
Tel: (08675) 70151, Fax: (08675) 70277 Tel: (708) 851 1734, Fax:(708) 851 2106

METROLAB introduces the PDI 5025

high accuracy integrator-fluxmeter

\\\“\\*\\\
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@ Harmonic analysis of accelerator magnets

® Accelerator magnet field shape measurements

® Local and integral field measurements in
wigglers and undulator magnets

® Magnetic field mapping

® Magnetic material studies

METROLAB INSTRUMENTS SA ¢ High accuracy

110 Chemin du Pont-du-Centenaire

1228 Geneva, Switzerland B

Tel. +4122704 1121 - Fax +41227941120 * Single or dual channel

USA: GMW Tel, (415) 368 4884 + Programmable gain

Japan: DMD Tel. 03-3255-0931

Germany:  Klaus Schaefer GmbH ~ Tel. (06103) 79085 s g 3

UK: Schaefer Instruments Ltd Tel, (02357) 3412 * Integration in time (Timer) or space
Benelux:  Schaefer Benelux BV Tel. (08360) 96680 (Col Position Encoder)
Australia & . -

New Zealand: Alphatech Tel. +64 9 770 392 * Coil positioning motor control
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