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The World’s
Biggest Calorimeters...

AMY KEK, Japan

New FASTBUS Instruments including the 1885F ADC,
2724 24-input preamp and LIFT™ Software Tools

ALEPH LEP/CERN,
Europe

L3 LEP/CERN, Europe

Large calorimeters need economic,
high performance ADC's.

LeCroy has been supplying our Series
1880 FASTBUS ADC's to fixed target
and colliding beam experiments for
over three years.Many particle physics
experiments in Japan, Europe and the
United States have instrumented or are
installing our cost effective systems.
These ADC's are part of LeCroy's
evolving family of FASTBUS data
acquisition electronics for research.
Call or write today for a complete
FASTBUS Product Summary.

700 Chestnut Ridge Road, Chestnut Ridge, NY, 10977-6499 USA Tel: (914) 578-6013
Route du Nant-d'Avril 101, 1217 Meyrin 1-Geneva, Switzerland Tel: (022) 82 33 55

CLEQ CESR/Cornell, USA

i

E665 FNAL, USA

Use

The World’s
Best ADC’s

The Series 1880F ADC's feature:

» High Density: 96 chan/#1FASTBUS
¢ Wide Dynamic Range: to 15 bits
» High Sensitivity: 50 fC/count

e Short Conversion Time: 265 psec
o Model 2724 pre-amp compatible
¢ Fast Readout: 40 megabytes/sec
o Multiple Event Buffer: 8 events

* On-board Calibration: to +1.5%
s Fast Clear: < 600 nsec

e Trigger Outputs: 24 current sums
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Innovators in Instrumentation
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Cover photograph:

The Standard Model {(Abandoned) by US artist Stephen Rueckert was
recently on show at Brookhaven. The sculpture, inspired by linear
accelerators, depicts some of the basic ideas of physics and explores
the process of creation in particle collisions. The chair on the left
denotes the observer (Photo Sheldan Collins).



BDH Limited, Advanced Materials Division

BDH Scintillation
Crystal Assemblies.

Standard or Custom-built

BDH has achieved spectacular progress
in the field of single crystal growth on a
manufacturing scale in recent years.

Important new high-purity scintiltation
materials have been part of this progress;
and we have already made major
contributions to calorimeter detectors in
high-energy physics.

Now, our range of complete scintiliation
detectors is of particular interest in many
industrial, medical and scientific fields.

Materials now available for these
applications include:-

B Csi (T£) Caesium lodide thallium doped

W Csl (Na) Caesium lodide sodium doped

B Csl (Pure) Caesium lodide undoped

W BaF, Barium Fluoride *

W Nal (T£) Sodium lodide thallium doped

W CaF, (Eu) Calcium Flucride europium doped.

New detectors for production or
research applications

Mounted scintitlation crystals,
hermetically sealed, are available complete
with photomultiplier. Many standard sizes of
detector are now availabie as stock items.
Can we help you with research
applications? We will gladly discuss
manufacture of special sizes, custom
designs or full production runs.

BDH have valuable experience in
supply of large volumes of machined
crystals for major international scientific
establishments. And as a member of the

- E.Merck organisation we can draw on

extensive resources.
For fui.er information please contact

S

Contact: BDH Limited, Broom Road, Poole, Dorset BH12 4NN, England. Tel: (0202) 745520. Fax: (0202) 738299. Telex: 41186 or 418123 TETRA G.
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wHO’'S AT THE SOURCE OF ENERGY FOR
PARTICLE ACCELERATION AND FUSION?

Thomson Tubes Electroniques!

We're a world class supplier of very high energy
sources for particle accelerators and plasma heating.
Our innovative technologies and worldwide capability
make us the right partner to meet your special needs in
these areas.

We have the experience and expertise to design
and manufacture solutions that perfectly meet your
specifications: from tubes to amplifying chains and
complete turnkey transmitters, as well as windows and
other RF components. Of course, every solution

Canada : MONTREAL
Tel.. (1-514) 874 00 88
Fax: (1-614) 874 40 76

Japan: TOKYO
Tel.: (81-3) 264 63 46
Fax: (81-3) 264 66 96

Brasil : SAO-PAULO
Tel.: (65-1) 542 47 22
Fax: (55-1) 6150 18

Italia : ROMA
Tel.: (39-6) 639 02 48
Fax: (39-6) 639 02 07

France : BOULOGNE-BILLANCOURT
Tel.: (33-1) 49 09 28 28
Fax: (33-) 46 04 52 09

Inde : NEW DELHI
Tel.: (91-11) 644 7883
Fax: (9111) 644 7883

benefits from advanced Thomson technologies guaran-
teeing high performance, reliability and long life.

That's why Thomson Tubes Electroniques has been
chosen for some of the world’s most recent and
demanding projects: LEP, JET, TORE SUPRA, ESRF,
ALS, LNLS... and others.

7.\ THOMSON TUBES
ELECTRONIQUES

Hong-Kong : WANCHA
Tel.: (852-b) 866 32 33
Fax: (852-5) 865 31 25

U.S.A.: TOTOWA, NJ
Tel. (1-201) 812-9000
Fax: (1-201) 812-9050

Deutschland : MUNCHEN
Tel.: (4989) 78 79 -0
Fax: (49-89) 78 79 -145

Sverige : TYRESO
Tel.: (46-8) 742 02 10
Fax: (46-8) 742 80 20

Espaiia : MADRID
Tel.: (34-1) 519 45 20
Fax: (344) 519 44 77

United Kingdom : BASINGSTOKE
Tel.: (44-256) 84 33 23
Fax: (44-256) 84 29 71
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* Fast PROCESSING : CES High Performance systems respond to the toughest requirements in up-to-date
High Energy Physics experiments.

* Fast CONSULTANCY : CES professionnals will study your experiment requirements with you to find
the most cost-effective configuration, available and ready-to-run.

* Fast SET-UP : All CES boards are extensively tested and fulfil the corresponding standard bus specifica-
tions.

* Fast DELIVERY : All catalogued CES equipment is available off-the-shelf.

* Fast SUPPORT : CES highly experienced engineers are always available to reply to your questions and
intervene on site when required.

BE at the leading EDGE in Quality,
Performance and Servicing, Choose CES.

For these and our other VME , CAMAC and FASTBUS modules, contact us or your nearest distributor.

Headquarters: CES Geneva, Switzerland Tel: (022) 792 57 45 Fax: (022) 792 57 48
CES.D Gerinany Tel: (6055) 4023 Fax: (6055) 82 210
CES Creative Electronic Systems SA 70, Route du Pont-Butin Case Postale 107 CH-1213 PETIT-LANCY 1 SWITZERLAND




Around the Laboratories

One of the superconducting ("low-beta’) qua-
drupole magnets used to compress LEP's
beams and boost the collision rate.

(Photo CERN 393.3.89)

CERN
EP progress

After the valuable pilot physics run
in August (September, page 1) the
four big experiments — L3, Aleph,
Opal and Delphi — at CERN’s new
LEP machine got back to work with
45.5 GeV colliding electron and po-
sitron beams towards the end of
September.

Machine commissioning work
earlier in the month had seen good
performances, with single beam in-
tensities reaching 1.95 mA. A per-
iod of colliding beams for physics
followed, and after a few false
starts, a good performance came
around the weekend of 23-24 Sep-
tember, with 40 hours of stable
45.5 GeV beams and healthy colli-
sion rates.
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During the subsequent machine de-
velopment session good results
came from a radiofrequency longi-
tudinal feedback system, designed
to eliminate unexplained coupled
bunch instabilities, with a record
3.8 milliamps of total stored cur-
rent {2.2 mA of positrons with
feedback, 1.6 mA of electrons
without). The experiments then
took over again for sweeps across
the Z energy range. With healthy
beams and good running condi-
tions, the four detectors saw more
than ten thousand Z particles, the
electrically neutral carriers of the
weak nuclear force.*

The superconducting low-beta
quadrupoles to squeeze the beams
and boost collision rates in the ex-
perimental areas came into action
for the first time.

The strong horizontal-vertical
coupling which had been dogging

*Initial physics results from LEP,
including the Z mass and limits
on the number of neutrino
types, were announced on
13 October. More news next
month.

LEP since switch-on in July was
compensated by running the ma-
chine with non-standard horizontal-
vertical tuning ('tune split’), and by
using skew quadrupoles originally
installed to help compensate for
the effect of the experiments’ sole-
noids.

During a §cheduled shutdown in
October, the LEP team embarked
on a crash programme to install an
additional 16 skew quadrupoles,
two in each of the machine’s eight
arcs, however this is seen as a
temporary solution, as a more ev-
enly distributed compensation sys-
tem would be better suited to the
LEP goal of handling polarized
(spin-oriented) beams.

The coupling is attributed partly
to a thin layer of nickel used in the
fabrication of the vacuum cham-
bers to bond layers of lead and alu-
minium. Asymmetries due to the
earth’s magnetic field and to cur-
rent distributions could also play a
role.

STANFORD
Z update

With another hundred examples of
the Z particle, the electrically neu-
tral carrier of the weak nuclear
force, logged through the end of
August, the Mark Il collaboration
studying electron-positron colli-
sions at the SLC Stanford Linear
Collider could update their Z results
(September, page 12 and October,
page 1) for the European Physical
Society meeting, held from 6-13
September in Madrid. The enlarged
data sample gave a fresh limit on
the possible kinds of light neutrinos
(September, page 6).



Wandel & Goltermann
Electronic Measurement Technology

The new DA-20 is different. New style
design, new features. Ready for ISDN,
compact and versatile. The DA-20 is a
go-anywhere unit for R&D, service,
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Realignment of the masks inside
the Mark Il detector during early
August led to lower backgrounds
and higher luminosity (a measure of
the collision rate) for the SLC. Late
that month a peak luminosity of 2 x
1028 per sq cm per s was
achieved, corresponding to about 2
Zs per hour. Running under these
improved conditions at a total en-
ergy of 91.4 GeV, the Mark Il phy-
sicists raised their total Z score to
nearly 350 by month’s end.

Based on a subset of 332 ev-
ents presented at Madrid, the Mark
Il team put the Z mass at 91.17 +
0.17 GeV, tightening up slightly on
what was presented a month earl-
ier at the Stanford Lepton-Photon
Symposium (October, page 1). The
width of the Z peak came in about

the same as before, 1.9 +0.4 —0.3
GeV, consistent with but a little be-
low the expected 2.5 GeV for three
‘generations’ of quarks and lep-
tons.

The real news came under the
heading of light neutrinos — the
wraith particles which usually pass
right through a detector, leaving no
trace. Additional kinds of neutrinos
give the Z extra ways to break up
{into a neutrino and its antiparticle)
that cannot be picked up by a de-
tector. Assuming conventional the-
ory (the Standard Model) to be cor-
rect, additional light neutrinos
beyond the three kinds already
known {electron-, muon-, and tau-
types) should therefore decrease
the visible Z production rate
(cross-section), which is what phy-

o, (nb)
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91 92 93 94

E (GeV)
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The Stanford Linear Accelerator
Center emerged largely un-
scathed from the earthquake

of 24 October. More news

next month.

sicists actually determine in elec-
tron-positron collisions.

By accurately measuring the
height of the Z peak, rather than
its width, the Mark il physicists
were able to place the most strin-
gent limits yet announced on the
possible number of light neutrino
species. The cross-section at the
top of the peak came in at 32-33
nanobarns, corresponding to 2.7
+ 0.7 different kinds of neutrinos.
This means that the likelihood of a
fourth light neutrino and a fourth
generation of quarks and leptons is
now less than five per cent.

On other fronts, the hadronic de-
cays of the Z were behaving very
much in accordance with the dic-
tates of quantum chromodynamics
{QCD - the candidate theory of int-
er-quark forces). Event behaviour
{sphericity, aplanarity, multiplicity
and thrust) fits extremely well with
simulation calculations. And an ap-
parent excess of Z decays into tau
leptons — noted a month earlier at
the Stanford conference — had be-
gun to evaporate under the hot Au-
gust sun.

Finally, the collaboration
searched for signs of as-yet-un-
seen particles like the elusive sixth
("top’) quark, a fourth generation b’
quark, or a neutral heavy lepton. If
they had masses less than half that
of the Z, such particles would be
easily detectable through their unu-
sual decay topologies. With noth-
ing of the kind turning up, the Mark
Il physicists were able to rule them
out below 40 GeV. Particularly co-
gent were the limits on a b’ quark,
excluded up to a mass of 45 GeV.

The production rate (cross-section) of Z par-
ticles in electron-positron collisions as seen
by the Mark Il team working at the SLC
Stanford Linear Collider. The curve drawn
through the data points corresponds to the
Standard Model with three light neutrinos.



DESY
HERA Progress

September was a milestone month
for the team testing the electron
storage ring for the HERA electron-
proton collider at the German DESY
Laboratory in Hamburg. As flashed
in the October issue (page 21), el-
ectrons were accelerated up to the
highest energy allowed by the
complete system of normal con-
ducting radiofrequency accelerating
cavities presently installed (6 trans-
mitters with a total power of 8
MW).

After reaching 26.4 GeV on 17
September, the beam energy was
inched up to 27.5 GeV a few days
later, very close to the ‘zero-cur-
rent limit’, without any particle
losses or other problems. Surely a
good omen.

Single bunch currents were up to
2.49 mA, corresponding to 3.1
101" particles — nine times the de-
sign value. 20 bunches gave a total
stored current of 2.5 mA. Some
vertical instabilities did not limit the
average stored current. Mean beam
lifetime was about five hours and
orbit corrections fixed the beam
position to within less than 2.5
mm.

7 GeV electrons, provided by
the DESY I synchrotron fed by the
200 MeV linear accelerator LINAC
|, were accelerated in 20 bunches
to 13 GeV in the PETRA ring.
These 20 bunches could be sent to
HERA in a string or accumulated in
one bucket to form a single bunch.

The radiofrequency system of
the HERA electron ring was com-
pleted for the test run, as were the
beam position monitor system, the
orbit correction programmes and
the controls for all magnet power
supplies.

4

A multibunch programme to reach A

the design current of 58 mA with

210 bunches requires a yet-to-be-

implemented broad-band trans-

verse and longitudinal feedback v

system, and several improvements

in the electron injector chain.
Superconducting radiofrequency

cavities and their cryostats are now

arriving for assembly and testing.

The electron ring of the HERA electron-
proton collider being prepared at the Ger-
man DESY Laboratory in Hamburg — up
to 27.5 GeV.

The two HERA experiments — H1 and
Zeus — continue to make steady pro-
gress. Here the Zeus team pose in front
of their detector. Late in September, the
thin superconducting coil, 1.7 m in dia-
meter, to surround the inner tracking
chambers reached its design field of 1.8
Tesla.
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Proposed layout of the SINQ spallation neu-
tron source now under construction at the
Swiss Paul Scherrer Institute, showing the
range of initial instrumentation.

The eight cryostats, each with
eight cells, should be ready for in-
stallation next March 1990 for
HERA electrons to be accelerated
and stored up to 33 GeV, ready for
tests on beam polarization.

However no further electron ring
operation is scheduled for the next
twelve months, all efforts now
concentrating on installation of
HERA's superconducting proton
ring. All quadrupole magnets have
arrived, and the rate of dipole sup-
ply indicates that the final magnet
should be in the tunnel next No-
vember.

Meanwhile preparations for the
two HERA experiments push
ahead. The 6 m-diameter super-
conducting coil for H1 made at the
UK Rutherford Appleton Laboratory
has been installed in its iron yoke
and successfully cooled down. It
reached its design current of 5500
A and the 1.2 Tesla field was care-
fully measured by a UK group. The
smaller coil for Zeus has reached
its design field of 1.8 Tesla with
5000 A.

PSI
Spallation neutron
source

The cyclotron complex at the
Swiss Paul Scherrer Institute {(PSI —
formerly known as SIN), delivering
200 — 250 microamp proton
beams at 590 MeV for a range of
physics research, is being up-
graded to supply currents eventual-

ly above a milliamp (May, page 19).

Following this upgrade, residual
proton current will be used for a
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spallation neutron source, SINQ,
for which construction got under-
way last year. As well as providing
Swiss scientists with a new me-
dium-flux neutron source for funda-
mental and applied research from
1994, it will enable the technology
of spallation sources to explore
new possibilities en route to the
next generation of intense neutron

sources.

With the PSI cyclotron delivering
a quasi-continuous proton beam,
SINQ will be a continuous neutron
source, using a liquid lead-bismuth
production target bombarded with
protons vertically from below, and

a large heavy water moderator.
While the resultant high energy
particle flux means that the moder-

ator has to be surrounded with
several metres of iron and concrete
shielding, the low gamma radiation
level enables cold neutron sources
to be placed in the optimum posi-
tion inside the moderator.

SINQ is planned exclusively for
neutron scattering use, with the
emphasis on cold neutrons sup-
plied through four guide-tubes to
an experimental hall, with an addi-
tional ten beam tubes in the target
hall, together serving a comprehen-
sive range of initial instrumentation.
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This year’s Prizes for Achievement in Accel-
erator Physics and Technology were
awarded to Karl Brown of SLAC and Daniel
Birx of Science Research Laboratory during
the US Particle Accelerator School held at
Brookhaven. From left, USPAS Director Mel
Month,; Brown, James Leiss, who presented
the awards to the winners, Birx,; and Brook-
haven Deputy Director Marty Blume.

US PARTICLE
ACCELERATOR
SCHOOL
Summer schools

Continuing it's educational efforts,
the US Particle Accelerator School
\USPAS) held two summer schools
this year. The USPAS has two ba-
sic purposes — education in accel-
erator physics and technology, in
particular to train apprentices and
update experts; and to encourage
US universities and Laboratories to
offer programmes in accelerator
physics by developing textbooks,
training faculty, and organizing
schools.

The first of this year’'s summer
schools was a two-week universi-
ty-style course held at the Universi-
ty of California at Berkeley. These
university-style schools aim to pre-
sent courses in greater depth, to
promote student-teacher interac-
tion, and to encourage the atten-
dance of younger students, as uni-
versity credit can be earned.

Emphasizing the importance of
university education in particle ac-
celerators, Mel Month, Director and
Founder of the USPAS said, "As
graduate students, physicists are
taught at the university how to
build detectors or portions of large
detectors — but their only real op-
portunity to learn how to build an
accelerator or any of its parts has
been at accelerator Laboratories
after they graduate. This just won't
do. In the future, we must find new
ways for students to study particle
accelerators in the university.’

The Berkeley course in June was
the most successful university-
style school to date. Over half of
the 140 registered students will re-
ceive up to 3 university credit
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hours. Courses included: theory
and design of particle beams, intro-
duction to accelerator physics, in-
troduction to free electron lasers,
principles of acceleration, and in-
troduction to beam instabilities.

The second of this year’'s sum-
mer schools was held from July 24
— August 4 at Brookhaven. Sympo-
sium-style, concentrating on lec-
tures, it covered a wide range of
subjects, including particle beam
fundamentals, intense beams, ac-
celerator technology, instabilities,
nonlinear dynamics, high luminosity
colliders, and linear colliders, with
an afternoon devoted to the new
US Superconducting Supercollider
(SSC) project.

In addition, this year’s Prizes for
Achievement in Accelerator Phy-
sics and Technology went to Dan-
iel Birx of Science Research Labora-
tory of California, and Karl Brown,
of Stanford Linear Accelerator Cen-
ter (SLAC), at a ceremony at
Brookhaven. These awards were
initiated in 1985 and are an annual
feature of the US Particle Accelera-
tor School.

Daniel L. Birx was cited ‘for de-
velopments in high power magnetic
switching technology with applica-
tions such as high repetition rate
induction linacs, free electron las-
ers and laser isotope separation’.
His important work has impacted a
number of prominent US national
projects — high power free electron

lasers (FEL) for defence applica-
tions, FELs for heating fusion plas-
mas (the MTX experiment at Liver-
more), high average power gas las-
ers, and the development of high
power ‘relativistic klystrons’ in a
collaborative effort involving SLAC,
Berkeley and Livermore. These mi-
crowave source developments may
be an important step towards fu-
ture high gradient linear colliders
for physics.

Karl L. Brown was honoured 'for
insights into particle beam trans-
port and for introducing formalisms
in use throughout the world.” He
has pioneered both the develop-
ment and application of concepts
of charged particle optics. His con-
tributions have helped make pos-
sible new sophisticated designs in
the latest generation of electron-
positron colliders.

This year's Accelerator School
Prize Committee consisted of J.E.
Leiss, W.K.H. Panofsky, R.H. Sie-
mann, and S. van der Meer and the
awards were supported by Univer-
sities Research Association, the
Continuous Electron Beam Acceler-
ator Facility, SURA, Intermagnetics
General Corporation, Varian Vacu-
um Products, and the Westing-
house Electric Company.

The US Particle Accelerator
School is sponsored by the US De-
partment of Energy and National
Science Foundation, and by major
Laboratories.
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RADIOFREQUENCY
SUPER-
CONDUCTIVITY
Workshop

Superconducting radiofrequency is
already playing an important role in
he beam acceleration system for
the TRISTAN electron-positron col-
lider at the Japanese KEK Laborato-
ry and new such systems are being
prepared for other major machines.
Thus the fourth Workshop on Ra-
diofrequency {r.f} Superconductivi-
ty, organized by KEK under the
chairmanship of local specialist
Yuzo Kojima and held just before
the International Conference on
High Energy Accelerators (see page
10), had much progress to review
and even more to look forward to.

As well as TRISTAN, where 16
five-cell 500 MHz superconducting
cavities have operated for more
than 5000 hours (see photograph
on page 13) and where 16 addi-
ional cavities are already installed
to take beam energies towards 33
GeV, the new LEP electron-posi-
tron collider in operation at CERN
and the HERA electron-proton col-
lider being built at the German
DESY Laboratory in Hamburg are
both scheduled to benefit from su-
perconducting r.f.

For HERA, sixteen four-cell cavi-
ties have been ordered following
successful beam tests of a proto-
type module (January/February
1988, page 15), while at CERN,
following excellent long-term per-
formance (more than 8000 hours)
of a LEP-type cavity at the SPS ring
{November 1988, page 15}, four
superconducting cavities are being
prepared for LEP and orders for 20
more nichium cavities have been
placed.
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Plans for the large fully supercon-
ducting CEBAF recirculating linac to
be built at Newport News, US, are
well advanced. The number of re-
circulations has been increased
from 4 to b and 360 five-cell 1500
MHz cavities are being ordered.

The recirculating Darmstadt linac
(September 1987, page 34) is
steadily being upgraded. It is rou-
tinely used for nuclear physics
studies, and plans for the addition
of a free electron laser are advanc-
ing. The venerable Stanford (HEPL)
superconducting recirculating linac
is now mainly used for free elec-
tron laser physics. Plans for super-
conducting linacs are being worked
out also at Saclay (France) and
Frascati {Italy).

Although niobium sheets are still
the preferred cavity material, great
progress has been made in recent
years, especially at CERN, in nio-
bium-coated copper cavities. Their
high quality factors at 4.2K {more
than 10'9) and their insensitivity to
thermal breakdowns make them
promising candidates for future ap-
plications. At CERN, construction
of an initial set of eight such cavi-
ties is advancing well.

In the field of superconducting
heavy ion accelerators, more than
ten projects are operational or near
completion, and an impressive ac-
cumulation of operating experience
has proved the reliability and flexi-
bility of the technique. Develop-
ments and improvements include
new types of cavity for use with
bright proton and deuteron beams
at higher velocities, while for slow-
er particles, Argonne has shown
that heavy ions leaving a high-vol-
tage platform can be directly accel-
erated by a superconducting cavity.

Higher accelerating fields are
needed for future linear colliders
and would also be useful for high
intensity particle ‘factories’. Ongo-

ing work fooks at the limitations
posed by field emission loading.
Using high quality niobium and spe-
cial surface treatments (such as
high temperature annealing and he-
lium processing) accelerating fields
of the order of 25 MV/m have
been reached almost routinely in
monocell 175 and 3 GHz cavities at
Cornell and Wuppertal. As well as
improved performance, cost reduc-
tion is another major goal en route
to increased applicability.

Superconducting r.f. specialists
are also helping to develop the new
high temperature superconducting
materials. Many new or improved
deposition methods for thin layers
have been applied, such as electro-
phoretic depositions, epitaxial
growth, plasma spraying and mag-
netron sputtering, sometimes using
strong magnetic fields.

Progress towards lower r.f.
losses and the quest for higher
magnetic fields open the way for
small passive r.f. devices such as
filters or antennae.

R.f. probes have proved to be a
diagnostic boon, enabling "bulk’
properties of thin layers to be
measured, avoiding the percolative
nature of d.c. measurements.

With an ever-increasing humber
of superconducting cavities, more
investigation of large cryogenic
systems at 4.2 and 2K and of non-
bath cooling methods are required.

The meeting displayed the dy-
namism of the r.f. superconducting
community. Despite impressive
progress since the previous such
workshop, a large range of perfor-
mance parameters and materials
remains to be explored. (See also
following story.)

From Herbert Lengeler



RADIOFREQUENCY
SUPER-
CONDUCTIVITY

At Cornell

Superconducting niobium accelera-
tor structures are now operating in
electron storage rings at b —
10 MeV/m accelerating gradients
(November 1988, page 39). How-
ever with the theoretical capability
of niobium as high as 50 MeV/m,
set by the critical magnetic field for
superconducting breakdown, there
is much room for improvement.
Research on radiofrequency su-
perconductivity continues at Cor-

nell to ynderstand the limitations,
and to push niobium cavity perfor-
mance higher. Successes will open
the door to new accelerators for B-
factories and for big superconduct-
ing linear colliders, as well as
boosting projects currently in the
pipeline {such as CEBAF).

One major obstacle to higher
gradients is heavy field emission
from spots on the niobium surface
when surface electric fields exceed
20 MV/m, corresponding to
10 MeV/m accelerating field. Ensu-
ing electron currents heat up the
cavity wall.

Improved surface treatments
have been developed, including
heating in an ultra-high vacuum fur-
nace between 1200 and 1350 C.
Over a dozen tests on several

single-cell 1.5 GHz cavities aver-
aged 40 MV/m, double the figure
for similar test cavities prepared by
conventional techniques. The best
result was 53 MV /m. Heat treat-
ment reduced both the number and
strength of emission sites.

With the highest-ever surface
field in a niobiam cavity being
70 MV/m, physicists were eager
to know whether surface electric
fields of 100 MV /m, approaching
the theoretical magnetic field limit,
could be tolerated.

To explore this, a non-accelerat-
ing cavity has been developed with
a very high electric field in a small
area (0.5 sq cm), and low fields
elsewhere. This cavity attained
145 MV/m, encouraging further ef-
forts to push higher.

Japan Accelerator Conference

At the international level, the high
energy accelerator scene evolves
rapidly and the International Con-
ference on High Energy Accelera-
tors is where its strong pulse can
best be felt.

This year, the Conference was
held for the first time in Japan,
with the 14th meeting in the series
having been hosted in August by
the Japanese KEK National Labora-
tory for High Energy Physics, Tsu-
kuba. The venue was a recognition
of the premier accelerator physics
and technology status achieved by
this diligent nation.

The KEK Laboratory entered the
field comparatively late with the
construction of the 12 GeV proton
synchrotron starting in 1971.
KEK's booster synchrotron for the
12 GeV machine feeds also a
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pulsed spallation neutron source, a
meson Laboratory, and a medical
science centre. Pride of place is
taken by the 30 GeV per beam
TRISTAN electron-positron collider
which became operational three
years ago as the then world’s high-
est energy machine of its type. Its
electron-positron source, a 2.5
GeV linac, also feeds the 'Photon
Factory’, a synchrotron radiation
centre used by over 1500 scien-
tists.

Future plans include the Japa-
nese Hadron Project (July/August
1987, page b), to include a 1 GeV
proton linac, a compressor/stretch-
er ring and a heavy-ion linac, to-
gether supplying a wide range of
beams (muons, pions, spallation
neutrons and exotic nuclei). Replac-
ing the present 500 MeV booster

by the 1 GeV proton linac will im-
prove substantially beam intensity
and quality from the 12 GeV pro-
ton synchrotron.

KEK is famed for the excellence
of its engineering, and in some
sectors spearheads world accelera-
tor technology. It is the world’s lar-
gest-scale user of superconducting
radiofrequency cavities, in the
TRISTAN beam acceleration sys-
tem, and is presently a front run-
ner, in terms of a developed design
and related research, among the
Laboratories working on the new
generation of electron-positron li-
near colliders.

To these accomplishments was
added an impressive demonstration
of organizing a big multinational
meeting, all in an atmosphere of
courteous yet warm hospitality.

CERN Courier, November 1989



The International Conference on High Energy
Accelerators this year was held in Japan for
the first time. Hosted by the KEK Laborato-
ry, not yet twenty years old, the meeting re-
flected the great advances made by Japa-
nese accelerator physics and technology.

Electron and positron machines

News of the commissioning of
CERN's new LEP electron-positron
collider came in the opening talk by
Gunther Plass. This was a poignant
moment for the Japanese hosts
»ecause it signalled that the TRIS-
TAN machine was no longer the
world’s highest energy electron-po-
sitron storage ring (Stanford’s SLC
collider also goes to higher ener-
gies but is not a conventional stor-
age ring). In an opening address,
former KEK director Tetsui Nishika-
wa paid tribute to CERN’s impres-
sive performance in building and
commissioning such a large and
complicated machine so quickly.

The initial major problem in LEP
was a strong horizontal-vertical
coupling, and initial efforts concen-
trated on changing the horizontal
tune of the machine to minimize
the effect (see page 1).

While LEP’s immediate aim is to
move towards its designed operat-
ing parameters, longer term goals
include using the ‘pretzel’ scheme
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developed at Cornell to boost the
collision rate. The progressive in-
troduction of superconducting ac-
celerating cavities will push the en-
ergy eventually above 90 GeV per
beam. (The development at CERN
of superconducting cavities using a
micron layer of niobium sputtered
onto copper, rather than the con-
ventional solid niobium, is looking
promising in this respect, although
long-term performance needs to be
examined.} Polarization (spin align-
ment) of LEP’s particles will extend
the physics possibilities.

Stanford’s SLC linear collider had
just pipped LEP to the Z post. Burt
Richter iterated initial results from
the Mark |l experiment on the width
of the Z peak (September, page 12
and October, page 1).

Although SLC now has to com-
pete with LEP, it has been very
successful in achieving its initially
declared aims of mastering import-
ant new accelerator physics prob-
lems, blazing a trail for energies
beyond LEP. The Stanford Linear
Accelerator Centre (SLAC) has
pushed the performance of low

Gunther Plass — progress report on the com-
missioning of CERN’s new LEP electron-po-
sitron collider.

emittance sources {which no longer
seem to be a problem), has largely
cured the problem of wakefield ef-
fects {using a combination of good
beam steering and the BNS damp-
ing scheme, developed at the So-
viet Novosibirsk Laboratory by V.
Balakin, A. Novokhatsky and V.
Smirnov — December 1988, page
13), has developed final focus
schemes, and has demonstrated
that micron-size beams can be han-
dled.

There are immediate plans to im-
prove SLC’s collision rate by doub-
ling the machine’s repetition rate to
120 Hz and by upgrading the posi-
tron production target. Soon Mark
Il will make way for the big SLD
detector and polarized beams will
be available, opening the door to
new physics studies. Longer term,
the SLC rep rate will be taken to
180 Hz, and the damping rings and
the final focus redesigned.

Building on SLC experience, li-
near collider studies are continuing
at SLAC, and in collaboration with
the Soviet Novosibirsk Laboratory
and KEK. Ongoing work covers
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several types of power source,
where the Laboratory has convinc-
ing expertise — the klystrons devel-
oped for SLC exceeded their design
aims in both peak power and life-
time. One example is the induction
linac (in collaboration with Berkeley
and Livermore) which has yielded
170 MW peak power. Others are
nulse-compressed conventional

wystrons, cluster klystrons for a 1
GW, 12 GHz source {with Brook-
haven) and crossed-field amplifiers
(with industry).

The TRISTAN machine at KEK
was covered by K. Takata. Follow-
ing the introduction last year of six-
teen superconducting radiofrequen-
cy cavities (December 1988, page
13), the energy of the electron and
positron beams has been taken to
30.7 GeV and the luminosity has
attained 1.4 x 1037, The cavities
have now been in operation for
some 5000 hours (3100 for phy-
sics) developing 100 MW. Field
gradients vary from 3.5 to 6 MV/m
with an average of 4.4. No serious
deterioration in performance has

een seen.

A further sixteen cavities will
take the peak energy per beam to
32.5 GeV. Mini-beta insertions to
squeeze the beams should more
than double the collision rate next
year.

S. Takeda described KEK's ad-
vanced plans for electron-positron
linear colliders. Several steps are
foreseen en route to a Japan Linear
Collider, JLC, and a 70-strong team
is working (part-time) on the pro-
ject.

A Test Accelerator Facility is al-
ready under construction and will
eventually house all key elements
of the machine in prototype form —
1.5 GeV S-band injection linac,
damping ring, 1 GeV X-band linac,
and final focus. The first stage of
real machine construction could get
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underway around 1995, to achieve
200 GeV colliding beams by the
turn of the century — the Japan In-
termediate energy Linear Collider
{JILC). An energy increase to 300
GeV would follow an upgrade of
the power sources, followed by a
further increase to 500 GeV with a
luminosity target of 1033,

The other contenders in the li-
near collider stakes are VLEPP at
Novosibirsk and CLIC at CERN, re-
viewed by A.N. Skrinsky and Si-
mon van der Meer respectively.
The former aims for 1 TeV (1000
GeV) per beam eventually, starting
at half that figure, and is authorized
for construction by a branch of the
Novosibirsk Institute at the Serpuk-
hov site near Moscow, where the
UNK proton ring is taking shape.

CERN'’s CLIC aims for 1 TeV
beams and lower energies have not
been looked at, even though they
would ease problems. ‘We have
plenty of time to think,” com-
mented van der Meer. Wolfgang

The TRISTAN electron-positron ring at the
KEK Laboratory is the world’s largest single
application of superconducting radiofrequen-
cy accelerating cavities.

Schnell's two-beam scheme for
CLIC, using a high current super-
conducting drive linac operating at
350 MHz (the LEP superconducting
cavity frequency), has been pushed
a little further. It has the advantage
of automatic phasing between the
two linacs under highly relativistic
conditions. A 2.5 km drive linac
with an accelerating field of 6
MV/m and 4 x 10'? particles in
millimetre bunches (a non-trivial
problem) transforms to 80 MV/m
on 5 x 102 particles per bunch in
the main linac, achieving a luminos-
ity of over 1033, Detailed design
remains in a ‘primitive’ stage.
Significantly, all the present li-
near collider schemes use conven-
tional technologies, albeit pushed
beyond conventional limits. Devel-
opment of exotic ideas, such as
plasma beat-waves and wakefields,
which stirred up excitement a few
years ago, has not yet matured.
Some of this ongoing work was
reviewed by Tom Katsouleas. In
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the past year, homogeneous plas-
mas and field gradients equivalent
to 300 MV/m over half a centi-
metre have been achieved in beat-
wave mode at the UK Rutherford
Appleton Laboratory. New technol-
ogy for short pulse lasers has
emerged at Livermore and Osaka,
opening up prospects of 20 to 80
MV /m gradients.

Jim Simpson reported the Ar-
gonne project (June 1988, page
16) for a 1 GeV device using wake-
field acceleration in a dielectric
waveguide (sometimes called a
Cherenkov wave tube). Such de-
vices have no transverse forces to
disrupt the beam, removing the al-
ignment problems which dog struc-
tural and plasma wakefield sys-
tems, and look like one of the most
interesting avenues to explore.

It was gratifying to see a resur-
gence of activity at the Yerevan In-
stitute. A. Amatuni reported on in-
vestigations of new acceleration
techniques.

A few rungs lower on the elec-
tron beam energy ladder, initial
operation of the Beijing BEPC elec-
tron-positron collider was reported
by the Institute’s Director Fang
Shouxian. An initial sample of J/psi
particles heralds the start of the
physics programme.

The hadron route

Studying the high energy behav-
iour of the quark constituents of
protons is the goal of the 87-kilo-
metre US Superconducting Super-
collider {SSC) ring, to be con-
structed in Texas, and CERN’'s
plans for the LHC Large Hadron
Collider in the LEP tunnel."

Helen Edwards gave the latest
SSC news, where work is concen-
trating on a 'site-specific’ design
now that the new Laboratory has
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found its definitive home in Ellis
County, Texas. Design aspects un-
der investigation include a possible
increase of the magnet aperture
from 4 centimetres to a more con-
servative 5 (requiring more super-
conductor and thus having an im-
pact on cost), a reduction in half-
cell length to 90 cm, increased en-
ergy {2000 GeV) for the booster
feeding the main proton rings (eas-
ing problems related to persistent
currents in the superconducting
magnets), and a diamond-shape
bypass configuration at the interac-
tion regions (avoiding a ‘garage’
solution for multi-detector installa-
tion). Some of these design op-
tions could be cross-cancelling, for
example increasing the injection en-
ergy to 2 TeV may resolve the
magnet aperture worries. There is
not yet any push to modify the de-
sign and aim for higher collision
rates.

Development and testing of su-
perconducting magnets — the lion’s
share of the project — will be
boosted by a new magnet facility

The Test Accelerator Facility at KEK. This
will eventually house prototype elements for
the proposed Japan Linear Collider (JLC).

in Texas, supplementing the pro-
gramme now underway at Berkel-
ey, Brookhaven and Fermilab. At-
taining the 6.6 tesla design field is
no problem, but field quality, repro-
ducibility and minimizing construc-
tion costs need more work. Indus-
trial production will start soon, in
line with a plan for a thousand pre-
production magnets by the end of
1992. Full production would then
be launched in 1994 so that the
SSC can produce its first 20 TeV
proton beam collisions in 1998.
Initial construction funding has
been approved by both US Houses,
and at the time of the Conference
the wording of the two authoriza-
tions still needed slight reconcilia-
tion. For example the Senate
wanted to add a further $25 million
in the next fiscal year "to initiate
the first tunnel sector contract’.
There were also slight divergen-
cies on the technological outcome
of the mammoth project. While
Congress was concerned about
‘the absence of substantial com-
mitments from foreign countries’,
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K. Takata covered KEK’'s TRISTAN electron-
positron collider. Until the arrival of LEP at

CERN, TRISTAN was the world’s highest en-
ergy electron storage ring.

the Senate stressed that the SSC
should go ahead regardless, and
was more worried about the trans-
fer of US-developed high technolo-
gy. The Senate authorization in-
cluded a provision that SSC money
should not be used to establish
collaborations with foreign coun-
tries without prior assurance that it
would be in the best interests of
the USA.

These concerns need to be mol-
lified in the coming months if the
outstanding tradition of inter-
national collaboration, long a hall-
mark of accelerator physics and
technology to the mutual benefit of
all parties involved, will prevail for
the SSC.

Giorgio Brianti described plans
for CERN’'s LHC Large Hadron Col-
lider, aiming for around 8 TeV pro-
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ton beams in a ring of 10 T "two-
in-one’ superconducting magnets
installed above LEP in CERN's 27-
kilometre tunnel. The design
reaches for a high luminosity,
above 1034, to challenge the higher
energies of SSC. Progress on the
necessary high field magnets is
promising (September, page 5),
and was highlighted in a review of
the technology by Romeo Perin.
European industry has been in-
volved in this venture from the out-
set.

Compatibility between normal
LEP operation and LHC installation
has been checked. Studies of de-
tector configurations — one to han-
dle high collision rates, one gener-
al-purpose and one for electron-
proton {LEP-LHC) coliisions — have
started. LHC could be completed
within six years and Brianti hoped
"to report at the next International
Accelerator Conference (scheduled
for Hamburg in July 1992), that
construction has started’.

Confidence in these future super-
conducting colliders stems from
the success of the Fermilab Teva-
tron. Gerry Dugan reported its re-
cent successful run (September,
page 13), where collision luminosi-
ty reached twice the design goal of
1039, and with plans for new low
beta insertions to further squeeze
the beams, electrostatic beam sep-
arators and a linac upgrade to 400
MeV, could go to 5 x 103°. Longer
term plans include replacing the
present large ring of conventional
magnets by a superconducting ver-
sion.

The next step up in proton ener-
gies will come from the UNK ma-
chine being built at Serpukhov. V.
Yarba described the construction
schedule, with completion of the
400 GeV conventional injector ring
foreseen for 1992, followed two
years later by a 3 TeV supercon-

ducting magnet ring.

There are also discussions about
a timely transfer to Serpukhov of
CERN'’s antiproton source, which
first came on-line in 1980, for pro-
ton-antiproton collisions at 3 TeV
per beam. Prototype UNK super-
conducting magnets are continuing
to perform well (December 1988,
page 2), and a hundred magnets
are to be built next year prior to full
production getting underway in
1991. Next year should also see
completion of the 21 kilometre
UNK tunnel.

The Laboratory that moved
large-scale production of supercon-
ducting magnets out into industry
was DESY in Hamburg, where
manufacture of magnets for the
820 GeV HERA proton ring is an
international affair. The 30 GeV el-
ectron ring gave its first beam last
year (see page 4). M. Leenen re-
ported on construction progress,
where a first proton ring octant
cooldown is scheduled by the end
of the year, with cooldown of the
full ring less than one year away.
Potential problems of persistent
currents in the superconductor
have been well enough studied and
people are confident that correc-
tion coils will make the necessary
compensations.

Factory workers

Complementing the high energy
frontier now is the high intensity
frontier, aiming to re-examine with
greater precision areas of physics
already scanned. In particular,
charge-parity (CP} violating decays
are just as much a mystery now as
when they were discovered twen-
ty-five years ago.

The candidate machines to ex-
plore this high intensity horizon are
called particle ‘factories’, with kaon
and B meson (containing the fifth
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‘beauty’ quark) versions lining up
to investigate CP violation.

Kaon factories are hadron ma-
chines with intensities a hundred
times more than current synchro-
trons, while B factories are elec-
tron-positron colliders spanning the
10 GeV mass region to produce B
mesons.

Mike Craddock was able to tune
nis habitual kaon factory act to
take account of recent develop-
ments around the five-ring KAON
project at the Canadian TRIUMF
Laboratory (October, page 9), and
a five million rouble cash injection
for the Moscow project, which
could get underway in 1993. Other
projects at Los Alamos, in Japan
and in Europe are still alive but not
kicking vigorously (though the Eu-
ropean scheme has been offered a
home at Legarno near Padua).

The design of B factories was
perhaps the only topic in the whole
Conference to stir a ripple of con-
tention. The need is for luminosi-
ties of 1033 or more to produce B
mesons in sufficient quantities for
‘nteresting physics to show up. Ha-
dron colliders are disfavoured as
the detector technology to sift out
the interesting rare decays is not
yet in place. For the electron-posi-
tron option, the big question is the
choice of storage ring or linear col-
lider route. The former is most fa-
voured, as linear collider technolo-
gy is not yet as well mastered.

Contention number two is
whether to use equal energy (sym-
metric) or different energy (asym-
metric) operation. As suggested by
P. Oddone at Berkeley, colliding un-
equal energy beams gives a mov-
ing centre-of-mass, facilitating the
separation of the B decays. It also
pays dividends in machine terms,
with magnetic separation of the
beams possible. However there is
as yet little experience of beam be-
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haviour under these asymmetric
conditions and no guarantee of
high luminosity can be given.

Ongoing B factory proposals in-
clude Cornell’s "CESR Plus” scheme
{October, page 14), Novosibirsk
{with a VEPP-5 14 GeV scheme or
a 7 on 4 GeV option), and PSl in
Switzerland (symmetric and asym-
metric options — July/August, page
27) among the storage ring conten-
ders. Workshops {October, page
25) help clarify the picture, with a
major meeting planned for Berkeley
in February.

now in operation. Some are linked

Applications

In contrast to the 'local” Euro-
pean and US Accelerator Confer-
ences, where the increase of accel-
erator technology applications is
stressed, the International Confer-
ence clung close to its high energy
theme. However even here the in-
tense electromagnetic beams pro-
vided by synchrotron radiation
sources and free electron lasers
were well aired in talks by Claudio
Pellegrini, K. Huke and Alan Jack-
son.

FELs potentially have much high-
er peak power than other radiation
sources and their basic physics is
now well understood. Many are

Helen Edwards (here flanked by Satoshi Oza-
ki, right, and 'Pief” Panofsky, left) reported
latest developments around the US Super-
conducting Supercollider (SSC), now with
funding approved.

to linacs, like the Berkeley/Liver-
more work initiated by Andy Sess-
ler {achieving 1 GW at 30 GHgz, 9
mm wavelength with 45 % efficien-
cy), and the Stanford (University)
and Los Alamos schemes. Others
use storage rings (Orsay, Novosi-
birsk). New developments include a
gas-loaded FEL at Stanford (to re-
duce the beam energy needed to
produce a given wavelength radi-
ation).

It is in the field of synchrotron
radiation sources where accelerator
physics and technology has contri-
buted most, leading to a host of
practical applications. Such sources
can also do much useful work even
when built on a scale modest by
high energy accelerator standards,
enabling developing countries (Chi-
na, Korea, Taiwan, India, Latin
America, ....) to enter the field.

The new generation of synchro-
tron radiation sources use wigglers
and undulators in straight sections
to produce more intense beams
(earlier schemes exploited the radi-
ation released when the electron
beams were bent). New projects
include the Advanced Light Source
(ALS) at Berkeley and the European
Synchrotron Radiation Facility
(ESRF) at Grenoble. Given design
and construction "with care’, the
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problems of creating and maintain-
ing the necessary low emittance
beams now seem to be mastered.

Conclusion

The meeting concluded with a re-
view of the work of the Inter-
national Committee for Future Ac-
celerators {ICFA} by its chairman,
Yoshio Yamaguchi, and by succinct
reviews by former KEK Director
Tetsui Nishikawa and former SLAC
Director "Pief’ Panofsky.

Nishikawa estimated that simply
to sustain all operating and pro-
posed accelerator projects requires
about ten times more accelerator
physicists than are currently avail-
able!

Panofsky saw the approach of a
new watershed in the exponential
growth of particle collision energies
over the past fifty years. The next
generation of machines, such as
the SSC and the new linear collid-
ers, have ‘exhausted the capacity
of our present knowledge’, and he
called for an increased proportion
of resources to investigate new
ideas to keep the exponential
growth on its traditional steady up-
ward track.

The Madrid 'Europhysics’ conference on
high energy physics in September gave a
foretaste of things to come at LEP, with
multihadron production in Z decays, as seen
by the Opal detector. The histograms are si-
mulations of quark ‘fragmentation’ into ha-
drons.
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Madrid Physics Conference

Hard on the heels of the Lepton-
Photon Symposium at Stanford in
August (October issue, page 1)
came the International Europhysics
Conference on High Energy Physics
in Madrid from 6-13 September.
With the two meetings held so
close together, there was much
overlap in the physics reported, al-
though some teams were able to
use the extra month to present
new results. A notable example
was the Mark Il team working at
Stanford’s SLC linear collider, who
presented new limits on the num-
ber of allowed neutrinos (see

page 1}.

The Madrid meeting attracted
about 600 participants from all
over the world. An initial three
days of parallel sessions followed
by four days of plenary talks could
cover the field in depth and in
breadth.

The Local Organizing Committee

included physicists from the two
Madrid Universities, Auténoma and
Complutense, as well as from the
Spanish Research Council (CSIC).
The Conference opened with short
addresses by C. Lopez, Rector of
the Universidad Auténoma de Ma-
drid and Chairman of the Local Or-
ganizing Gommittee, and P. Pas-
cual, scientific advisor to the Minis-
ter of Education in Spain, who both
expressed their satisfaction on see-
ing this major meeting organized in
Spain so soon after the country
has rejoined CERN as a Member
State and at a scientifically historic
time, with CERN’s new LEP collider
coming into operation.

Thus the parallel sessions began
with a special two-hour survey of
three of the four LEP experiments
and their results from the LEP pilot
run. J. May (Aleph), U. Amaldi
(Delphi) and A. Michelini {(Opal) sur-
veyed the status of the experi-

Opal, September 1989

ECAL
Sphericity

Solid Histogram, JETSET71
Open Histogram, HERWIG32

1/Nevt. dNevt./d(Sphericity)
-]

0.8

Sphericity

Opal, September 1989

ECAL
10 - Thrust

[ Solid Histogram, JETSET71
[ Open Histogram, HERWIG32

dNevt./d(Thrust)

1/Nevt.

X3} 0.7 a.8 0.9 1

Thrust

21



ments, their plans for the near fu-
ture and the results obtained so
far. Opal was able to present multi-
hadron production rates by the Z,
the electrically neutral carrier of the
weak nuclear force, as well as
some jet shape distributions, in
good agreement with models of
quark ‘fragmentation’ into hadrons.

A wealth of new experimental
results and theoretical investiga-
tions emerging from the 15 paralie!
sessions was summarized in the
plenaries. These sessions began
with short addresses by R.A. Ricci,
President of the European Physical
Society, and W. Bartel (DESY),
Chairman of the EPS High Energy
Physics Division.

A new EPS prize for outstanding
work in high energy physics was
awarded for the first time, going to
Georges Charpak (CERN), who re-
ceived his medal from R. Salmeron
(Ecole Polytechnique), former Chair-
man of the HEP Division of the
EPS. Replying, Charpak emphasized
the importance of detector devel-
opments and pointed out the con-
sequent spinoff ties between parti-
cle physics and other fields of
science, particularly medicine and
biology.

LEP Project Leader Emilio Picas-
so reviewed the history of the new
machine, and its physics debut on
13 August with the first Z reported
by the Opal collaboration only min-
utes after the start of the pilot phy-
sics run.

A. Hutton {Stanford} described
the history of Stanford’s SLC Linear
Collider and looked at the problems
encountered with this new type of
machine. However things are now
well under control, and early next
year a polarized electron source
will be installed to boost SLC's
physics potential.

J. Dorfan (Stanford) came with
new results from the Mark Il colla-
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boration at SLC. Based on a 332-
event scan of the Z, they are able
to place new limits on the allowed
number of light neutrino types (see
page 1). It was impressive to wit-
ness how well Standard Model cal-
culations tuned at a total energy of
29 GeV could describe hadronic Z
decays when extrapolated to 90
GeV.

K. Fujii (KEK) summarized elec-
tron-positron collider physics be-
low the Z mass. The experiments
at PEP (Stanford) and PETRA
(DESY, Hamburg) gave high preci-
sion tests of the Standard Model
while TRISTAN (KEK, Japan) cov-
ered the energy regime up to 60
GeV.

L. Nodulman {Argonne) reviewed
the results of the CDF team work-
ing at Fermilab’s Tevatron proton-
antiproton collider. With lots of
data from a year of running at a
collision energy of 1800 GeV, they
have been able to measure the
masses of the Z, getting a value
centred on 90.9 GeV, compatible
with that from SLC, and the com-
panion charged W particle, centred
at 80 GeV. No new particles were
reported and the threshold for pro-
duction of the sixth (‘top’) quark
was pushed up to 77 GeV.

J.-M. Gaillard (Orsay), covering
the UA experiments at CERN's pro-
ton-antiproton collider, came to
very similar conclusions. With an
impressive list of quark field theory
{quantum chromodynamics — QCD)
calculations, he confirmed that the
Standard Model is in good shape.

The spectroscopy and decay of
heavy flavour particles has exper-
imental input from fixed target ex-
periments as well as from storage
rings. A review by R. Morrison
{Santa Barbara) included a long list
of identified charmed and beauty
particles. The detailed knowledge
accumulated so far can account for

95 % of all decays of the D neutral,
charmed meson.

There was progress in the phy-
sics of the B mesons, containing
the fifth (b} quark, where the mix-
ing of electrically neutral Bs is now
well established. The Argus (DESY)
and Cleo (Cornell) experimental
teams have first indications of
charmless B decay, with compo-
nent b quarks decaying directly into
u quarks. The evidence comes
from the shape of the lepton spec-
trum in semileptonic decays.

These measurements provide
new input for calculating the ele-
ments of the (KM) matrix interrelat-
ing six kinds of quarks, reviewed
by . Bigi (Notre Dame). According
to his evaluation, the violation of
charge/parity (CP) symmetry is
again open for discussion, with the
new result by the E731 experiment
at Fermilab based on only a frac-
tion of their data (October issue,
page 4}. The result from the full
statistics is eagerly awaited.

Looking at the electroweak sec-
tor of the Standard Model, R. Bar-
bieri (Pisa) pointed out the potential
importance of weak radiative cor-
rections (see following story).

The hadronic (strongly-interact-
ing) sector of the Standard Model
was reviewed by J. Stirling (Dur-
ham), G. Martinelli (Rome) and A.
Mueller (Columbia). Stirling looked
at evidence in favour of QCD. Help-
ful in this respect is a resolution of
some long-standing disagreement
between two series (EMC and
BCDMS) of measurements of nu-
clear quark structure using muon
beams, following a reanalysis at
Stanford of electron beam data.
Mueller, still QCD-ing, tried to re-
solve the apparent paradox of
quarks carrying little or none of the
proton spin (June 1988, page 9).
Another approach to QCD came
from Martinelli, who presented im-
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pressive results from lattice calcula-
tions which avoid the problems be-
setting a traditional perturbation ap-
proach. An example was a calcula-
tion of the electric dipole moment of
the neutron. L. Alvarez-Gaume
(CERN) looked beyond the Standard
Model, particularly in the direction of
string theories.

The widespread application of
Standard Model predictions was em-
phasized by M. Rees {(Cambridge)
who explored links between cosmo-
logy and particle physics, and H.
Meyer (Wuppertal) reviewing non-
accelerator experiments. The rela-
tive abundance of different helium
isotopes in the universe appears to
limit the allowed number of neutrino
types to three.

Summarizing, L. Maiani (Rome)
emphasized that with everything fit-
ting so well into the Standard Model,
thereis a need to explore higher ener-
gies to understand where the Stan-
dard Model comes from. For this,
new accelerator techniques are
needed to attain these energies,
complemented by new detector
technologies to withstand high rates
and high radiation doses. These as-
pects were covered by W. Schnell
(CERN} and R. Wigmans {LAA Pro-
ject) respectively.

Non-physics attractions included
a memorable concert by Victoria de
los Angeles, who delighted the au-
dience with a recital of Spanish
songs from the Renaissance to con-
temporary composers.

From Fernando Barreiro
and Whulfrim Bartel

Making corrections

correctly

The standard ‘electroweak’ picture,
synthesizing electromagnetism with
the weak nuclear force (via the
gauge symmetry group SU(2) x
U(1)) agrees so far with all exper-
imental results. Despite these im-
pressive successes, it is only a
crude overall check of the model
since only the results of first-order
approximations {perturbations)
have been verified.

The importance of radiative corrections in
high energy electron-positron physics. For a
hypothetical 92 GeV resonance for the Z
particle — the electrically-neutral carrier of
the weak nuclear force — in a spectrum of
pairs of charged muons are shown non-pho-
tonic corrections (fine dashed line), the re-
sult (dashed line) of adding first order quan-
tum electrodynamics corrections, and the re-
sult (solid line) of second order corrections
applied to the first curve.

Refined calculations in modern
field theory use successively finer
approximations {perturbations)
from a series expansion of possible
interaction mechanisms, including
multiple exchanges of the field par-
ticles transmitting the forces.

For a model to be elevated to
the statusof a theory such as
quantum electrodynamics (QED),
such higher order effects — called
radiative corrections — have to be
carefully checked by precision ex-
periments.

Although the Z particle — the el-
ectrically neutral carrier of the weak
force — was discovered at CERN's
proton-antiproton collider back in
1983, precision studies of the Z
become possible only with the ad-
vent of experiments at the new
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high energy electron-positron col-
liders — Stanford’s SLC linear collid-
er and CERN’s 27-kilometre LEP
ring. Thus electroweak physics is
about to enter a fascinating phase,
paralleling the era forty years ago
when QED, then a fledgling theory,
met the challenges of the measure-
ment of the Lamb shift and the
anomalous magnetic moment of
che electron.

Calculation of electroweak radia-
tive corrections (EWRC) first needs
a prescription for dealing with the
otherwise troublesome infinities of
higher order terms in a consistent
way. This is known as a renormali-
zation scheme. Furthermore, while
the QED radiative corrections at
low energies are typically less than
one per cent, under SL.C and LEP
conditions corrections become
substantial. Thus an essential part
of LEP and SLC physics is to en-
sure that these corrections are cal-
culated to high precision and incor-
porated systematically in the analy-
sis of the experimental data.

To push this effort, a NATO Ad-
ranced Research Workshop 'Radia-
tive Corrections: Results and Per-
spectives’ was held at the Universi-
ty of Sussex, UK, from 9-14 July.
The Organizing Committee included
F. Boudjema and N. Dombey (Sus-
sex), F. Dydak (CERN), F. Berends
{Leiden) and C. Verzegnassi
(Trieste), and the Workshop was
sponsored by CERN, the UK
Science and Engineering Research
Council, the University of Sussex
and NATQO's Scientific Affairs Divi-
sion.

Two major themes for working
groups were the choice of renor-
malization scheme and the imple-
mentation of radiative corrections
in electron-positron experiments.

The first group was led by M.
Bohm (Wurzburg) while B.F.L.
Ward (Tennessee State) gave a re-
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view of the present situation. Until
recently, EWRC calculations
adopted a number of different ap-
proaches but now theorists gener-
ally agree on a scheme where the
perturbation parameter is the fine
structure constant (1/137) and the
other parameters are the masses of
the field particles, including the Z
and its electrically charged partner,
the W. While the fine structure
constant is known and the Z mass
will soon be measured to great ac-
curacy, a precise fix on the W
mass will not be available for some
time, suggesting that the weak in-
teraction (Fermi} constant from
muon decay should be used in-
stead.

In the minimal standard model
(one Higgs particle) the vital elec-
troweak mixing is fixed by the ratio
of the W and Z masses. However
M. Veltman (Michigan) in his open-
ing talk and A. Sirlin (NYU) in his
summary both emphasized that
data should be analysed in a gener-
al way which did not assume this
relationship, the mixing parameter
being measured independently by,
for example, the forward-backward
asymmetry of Z decays into pairs
of muons or tau leptons. G. Altarel-
li (CERN) described how this work
is being influenced by the increas-
ing belief that the expected but so-
far unseen sixth ("top’) quark is
heavier than initially suspected.

The second working group was
led by R. Kleiss (CERN), with P.
Rankin (Colorado) giving the re-
view. With an objective of attaining
a tenth of a per cent precision at
the Z peak, high order QED correc-
tions came under special scrutiny.
As these corrections may be ex-
tremely sensitive to kinematic res-
trictions {'cuts’) of the experimental
data, ‘Monte Carlo’ electron-posi-
tron event simulators are required.
J. Campagne (Saclay), G. Bonvicini

(SLAC), and S. Jadach (Cracow)
were among those presenting their
latest results and there is now no
serious disagreement between the
different groups. Kleiss emphasized
that experimentalists should agree
on their cut procedures so that dif-
ferent experiments can be com-
pared. If not, a second-best option
was to publish both corrected and
uncorrected data.

A third working group, led by
W.J. Stirling (Durham), looked at
the interplay of the radiative correc-
tions from the electroweak picture
and from the QCD {quantum chro-
modynamics) description of inter-
quark forces.

Z. Kunszt {Zurich) and J.H. Kihn
(MPI, Munich) reviewed the role of
QCD in electron-positron physics
while W. Hollik {(Hamburg) analysed
EWRC in the context of the elec-
tron-proton collisions scheduled
from the HERA machine now under
construction at the German DESY
Laboratory in Hamburg. The need
for precision knowledge of the
QCD perturbation parameter was
stressed. G. West {Los Alamos)
showed the dangers of using per-
turbation theory when unexpected
large coefficients can limit the pre-
dictive power of a series expansion
approach, and called for a practical
algorithm to estimate the coeffi-
cients of the perturbation series,
particularly in QCD.

In his closing talk, A. Sirlin ad-
mired the radiative correction pro-
gress made over the past few
years, especially by the contribu-
tions of many young physicists to
a subject unfashionable until only
recently.

From Fawzi Boudjema
and Norman Dombey
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Transputers in the Black Forest

Although the CERN School of Com-
puting this year covered its tradi-
tional wide range of computing ap-
plications for high energy physics,
particular emphasis was placed on
new techniques for next generation
experiments. High speed networks,
parallel and vector processing, neu-
ral networks and expert systems
are all shaping up to play an im-
portant role in the future.

High-speed long-haul networks
give high-performance remote ac-
cess for physicists working on
CERN experiments from their home
institutes (see article on HEPnet,
page 28).

Parallel and vector computing
can dramatically increase both the
power and cost effectiveness of
computing on-line and off-line.

Neural networks and expert sys-
tems offer the interesting possibili-
ty of “training’ computers to deal
with the ever-growing complexity
of high energy physics data acqui-
sition and control tasks.

Held in Bad Herrenalb deep in
the German Biack Forest, and with
local arrangements handled by Hei-
delberg’s High Energy Physics Insti-
tute, the school attracted 72 stu-
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dents from Europe and North
America. Underlining the school's
forward-looking objective, the pro-
gramme began with a report by
CERN Director Emilio Picasso of the
initial operation of CERN’s new LEP
electron-positron collider (Septem-
ber, page 1). CERN Computing Divi-
sion (DD) Leader David Williams
looked ahead to Computing in the
90s, while long-time DD Leader
Paolo Zanella looked back over the
eventful thirty-year history of com-
puting at CERN.

Long-time lecturer at CERN
Schools Bob Churchhouse (Univer-
sity of Wales, Cardiff) gave fasci-
nating insights into ciphering algo-
rithms (an important safeguard
against hacking as long as the en-
cryption stays one step aheadl)
and the ‘in’ concept of fractals.

Students this year learnt about
parallel processing using INMOS’
transputer — an innovative British
microcomputer on a chip designed
from the outset to be used in multi-
processor arrays. Instead of a
single processor working on an ap-
plication, multiple processors can
work collectively on a problem ’in

Bob Dobinson of CERN explains ideas for
future physics data acquisition links.

Students at this year's CERN School of
Computing had hands-on experience of
transputers.

parallel’. The transputer comes
with a powerful language — Occam
— designed specifically for pro-
gramming multiprocessor systems.

Supplementing the formal lec-
tures on Occam was hands-on ex-
perience of parallel computing in a
specially set-up transputer lab.
Each of 12 Personal Computers
(provided by IBM) was equipped
with four transputers courtesy of
Transtech Ltd and the UK national
(SERC/DTI) transputer initiative at
the Rutherford Appieton Laborato-
ry, with INMOS providing the soft-
ware. Enthusiastic students pro-
gressed from a simple "hello world’
program running on a single trans-
puter to applications involving mul-
tiple processors working together.

The practical course was organ-
ized by Bob Dobinson and David
Jeffery of CERN, assisted by Andy
Hamilton from INMOS, Andy Jack-
son from the Transputer Support
Centre at the University of Sou-
thampton and Weizhao Lu from
Hefei University of Science and
Technology in China.

Meiko, a UK firm specializing in
high-performance transputer-based
systems provided a demonstration
machine during the second week of
the school. Powerful graphics can
obviate the need to learn special
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new languages, such as Occam, for
parallel processing. Meiko and
CERN are collaborating to produce
next generation transputer soft-
ware.

Students were able to keep in
touch with their home base via
electronic mail using a microVax
loaned by Digital Equipment Corpo-
ration.

The traditional vital role played
by computing in high energy phy-
sics is becoming even more pivotal
as demands become more intricate
and exacting. At the end of the
course, students felt better equip-
ped to face the challenges of the
future.

From Bob Dobinson

Andy Hamilton from INMOS explains how
it's done.

Casting HEPnet

HEPnet is the name used to des-
cribe the various computer net-
working facilities dedicated to high
energy physics. HEPnet intercon-
nects some 3000 computers in Eu-
rope and some 10000 throughout
the world.

Some European countries alrea-
dy have a well-developed national
computer network for the acad-
emic community {e.g. JANET in the
United Kingdom, or more recently
DFN in Germany). Where no such
network exists, there are active
plans to develop one. Furthermore,
there are two major international
computer networks used by the
academic community — EARN and
EUNET - as well as plans for cen-
trally-funded links between the na-
tional networks within the Eureka
COSINE project.

However high energy physics
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(HEP) has special additional require-
ments. Experimental facilities are
large, expensive, unique, and cen-
tralized, while the scientists who
use them are spread over at least
200 institutes in Europe, and many
more in other continents. There is
also a very high level of inter-
national collaboration.

The main Laboratories act as
large centralized data sources.
However many of the smaller insti-
tutes generate a lot of data through
simulation work. The total data
flow is therefore both large and
manifold, bringing in its wake a de-
mand for network connectivity be-
tween collaborating research
centres.

In the near future, it is expected
that data analysis will be domi-
nated by the use of powerful gra-
phics workstations working with-

mainframe computers or super-
computers. Such distributed pro-
cessing over geographical dis-
tances clearly requires powerful
networks.

The national networks, where
they exist, are largely incompatible
with one another. HEP, as an inter-
national community, requires inter-
national compatibility. The current
and future international networks
are either rather restricted in their
functionality (EARN and EUNET), or
in their choice of protocols (CO-
SINE) and their performance is lim-
ited when judged by the needs of
HEP. However in many cases exist-
ing infrastructures can be linked at
marginal cost to form a wider net-
work capable of meeting evolving
needs.

For these reasons and more, the
HEP community evolved its own
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computer network infrastructure to
supplement general-purpose na-
tional and international networks.

Over the past five years, coordi-
nated work by the HEP community
has led to notable achievements —
establishment of an infrastructure
of international HEP leased lines;
an international private X.25 net-
‘vork with a common addressing

cheme; a worldwide DECnet

(10,000 nodes); international CBS
services; an emerging SNA/RSCS
network; an emerging TCP/IP net-
work ; and a rich set of gateways
and converters.

Leased lines

Today, a total of 20 international
leased lines partially or totally dedi-
cated to HEP are in operation over
3 continents (11 lines at 64 Kbps;
9 in the range 9.6/19.2 Kbps) with
connection points for France, Ger-
many, ltaly, Netherlands, Spain,

~veden (giving also access to Den-
mark, Finland, Iceland, and Nor-
way}, Switzerland and the United
Kingdom; the USA and Canada;
and Japan.

In France, ltaly, Spain, the USA
and Japan, the international links
connect to a national infrastructure
of leased lines dedicated to HEP. In
the UK and Scandinavia, they con-
nect to general-purpose leased-line
networks (JANET and NORDUNET
respectively).

The HEP leased lines form one
of the biggest specialized intercon-
tinental communications infra-
structures and is complemented in
most countries by the PTO (Post
Office) public X.25 networks, and
by general-purpose research net-
works such as EARN/BITNET and
EUNET/USENET.
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Plans are well advanced for addi-
tional European and intercontinental
links, and for the upgrade of sev-
eral of them to the range 1.5/2
Mbps.

X.25

The private HEP X.25 network runs
on top of the leased line infra-
structure, covering France, Italy,
CERN/Switzerland and the USA,
and has nodes in Germany, the Ne-
therlands and Spain. It is con-
nected to the JANET and NOR-
DUNET general-purpose X.25 ser-
vices.

It uses the HEP X.25 addressing
scheme based on the CCITT X.121
standard. Where the scheme is ful-
ly implemented, the connected
hosts {DTEs) are fully connected,
and any DTE can be called using
the same address from anywhere
in the network.

DECnet

DECnet is currently the biggest HEP
network, with more than 10,000
nodes spread over Austria, Den-
mark, Finland, France, Germany,
Italy, Norway, Portugal, Spain,
Sweden and Switzerland in Europe,
and in the USA, Canada and Japan.

Except for Austria and Portugal,
which are linked via the public X.25
networks, the HEP DECnet runs
over HEP leased lines, mostly on
top of the HEP X.2b service. The
HEP DECnet is coordinated with the
Space Physics Analysis Network
(SPAN) run by NASA in the USA
and ESA in Europe. Additional con-
nections are planned with Belgium
and the Netherlands.

SNA/RSCS

International SNA services are now
emerging in Europe. Links are cur-
rently available between Saclay and
Lyon in France and Zirich, Geneva
and CERN in Switzerland. In addi-
tion RSCS/BSC services are avail-
able between Rutherford Appleton
in the UK, DESY in Germany, and
CERN. However the bulk of the
RSCS services between HEP sites
is currently provided by the EARN
network.

The HEP SNA/RSCS services run
currently directly on leased lines (or
subchannels via bandsplitters), and
not (yet) on top of lower layer facil-
ities such as X.25. Additional SNA
connections are being considered
between CERN and centres in Italy,
the UK, Spain and Germany.

TCP/IP

TCP/IP services have been in use
for several years by HEP on a local
or regional basis in almost all coun-
tries. On the international front, Ja-
pan (KEK) and the USA (Berkeley)
exploit an IP connection. In Europe,
a first international TCP/IP link has
been opened between the Nether-
lands (NIKHEF)} and the Nordic
countries (especially the Niels Bohr
Institute, Denmark). Other inter-
national TCP/IP services are plan-
ned in the near future in Europe for
France, Germany, ltaly, Spain and
Switzerland. Transatlantic HEP ser-
vices are also being considered.

Gateways and converters

To improve connectivity, the HEP
community has developed and in-
stalled a number of converter and
gateway facilities: the GIFT system
for file transfer, jointly developed
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by several organizations including
INFN in ltaly, and in operation at
CERN.

For electronic mail, a number of
sites operate gateways, including
INFN Bologna, CIEMAT Madrid,
Niels Bohr Institute Copenhagen,
and the MINT system at CERN. In
addition, commercially available ga-

eways and converters are in use.
.1 several cases, the functionality
of the HEP converters (e.g. the
GIFT on-the-fly multiprotocol sys-
tem) is unparalleled.

The GIFT service at CERN is in
fact now near the end of its life,
but has been further developed at
the SARA computer centre in Am-
sterdam, and is now in use outside
HEP.

HEPnet organization

Despite an impressive list of
achievements, serious problems re-
main and more work is needed to
improve interfaces, reliabilities, res-
ponse times, documentation, etc.
Higher bandwidths allowing more

amanding applications are urgent-
ly required.

In some countries physicists are
still somewhat underprivileged and
vast additional territories need to
be covered. A line to India is on
order.

The features described so far are
mostly funded and operated by in-
dividual institutes. Thus, at least
until the end of 1988, HEPnet was
coordinated, but not designed: it
just grew. In Europe, recent growth
has been mainly driven by the re-
quirements of the LEP experiments
at CERN.

However it became clear that
HEPnet's complexity warranted a
clarification of its organization.
Two committees were set up and
have both become operational dur-
ing the first half of this year.
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HEPnet — worldwide links.

The HEPnet Requirements Com-
mittee (HRC) is constituted by
ECFA (European Committee for Fu-
ture Accelerators) to represent the
networking needs of the European
HEP community. Its members are
mainly physicists designated by
their national community and its
role is to formulate needs and re-
view how well they are being met.
Current chairman is Rob Blokzijl of
NIKHEF-H.

The HEPnet Technical Commit-
tee (HTC) is constituted by the
HEP-CCC (HEP Computer Centre
Coordinating committee) and its
members are in general the man-
agers responsible from each site or
country operating HEPnet leased
lines. Its purpose is to coordinate
the planning and operation of HEP-
net, wherever possible by reaching
a consensus rather than by a vote.

All formal agreements remain

bilateral. A number of subcommit-
tees handle individual services such
as DECnet or SNA/RSCS. The HTC
chairman {currently Francois Fli-
ckiger of CERN) sits on the HRC,
and vice versa.

For the future, there will be in-
creasing emphasis on tools and
procedures for operational network
management. Optimistically, some
of this work could be delegated to
PTOs and the general-purpose net-
works, particularly for the lower
level (data transport) services, but
HEP will have to face the prospect
of having to do more itself, espe-
cially for application services.

An example of ongoing effort is
the establishment of the first high-
speed link in the 2 Mbit/sec range,
now coming into use between
INFN (Bologna) and CERN (October,
page 17). Others are expected to
follow.
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US developments

In the US, Fermilab has been
chosen by the US Department of
Energy to manage HEPnet. Man-
ager Philip DeMar and staff at
Fermilab will provide planning
and coordination for operations
and improvements and will be a
focus for the development of
network services.

Fermilab already supports
over half the US HEPnet users
and maintains the majority of
HEPnet links to US universities.
Fermilab’s proposal to provide
management was a direct res-
ponse to a HEPnet Review Com-
mittee’s report issued in June
1988 which recommended cen-
tral management.

HEPnet encompasses a wide
variety of networks and services
including the large international
DECnet network with Digital
Equipment Corp. VAX and

other computer systems in the
US, Europe and Japan reaching
in all over 17,000 outlets. HEP-
net also uses the BITNET and
INTERNET educational and re-
search networks.

The HEPnet Manager will re-
present the technical needs of
the high energy physics commu-
nity to these networks, coordi-
nate with other networks the im-
plementation of new software
and-standards, and monitor traf-
fic and reliability with a view to
introducing new and/or addition-
al features.

The management task is inte-
grated with an overall reorgani-
zation of the Fermilab data com-
munications group under Mark
Kaletka, covering both on- and
off-site networking. HEPnet
management is part of the latter,
and the HEPnet Manager will
also act as the Laboratory’s ex-
ternal network Manager.

Links at this speed are compara-
ble in throughput to a Local Area
Network (LAN) and will go on to
have a dramatic effect on the abili-
ty to exploit computers over geo-
graphical distances, and will thus

oticeably increase the productivity
of distributed physics data pro-
cessing.

The high-speed links must take
account of HEPnet's multiple ser-
vices (DECnet, TCP/IP, SNA, etc.).
Several techniques for sharing such
links between services have been
studied: exclusive use of a single
basic protocol such as X.25 or IP;
transparent LAN bridging; and in-
telligent multiplexing. HEPnet has
recommended the latter for inter-
national 2 Mbit/sec lines, since it is
a robust, well-understood tech-
nique using off-the-shelf compo-
nents. Modern intelligent multiplex-
ers allow reallocation of bandwidth,
and can be managed remotely, and
combinations of protocols can
share a line with zero risk of inter-
ference.
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Hopefully, HEPnet soon will be
able to use international links much
faster than 2 Mbit/sec, keeping in
step with LANs which will then
routinely be 100 Mbit/sec. The
best techniques for sharing the
bandwidth of (say) 140 Mbit/sec
international links, or even faster,
are still under debate, although the
Baden-Wiirtemberg network has
already proven its own technology.

by Brian E.Carpenter
and Francois Fliickiger

Glossary

BITNET — American original
of EARN

BSC — Proprietary protocol
from IBM

CBS — Coloured Book Soft-
ware, the JANET protocols
Converter Device converting
one network protocol to
another

COSINE — Cooperation for
Open Systems Interconnec-
tion in Europe

DECnet — Proprietary network
architecture from DEC

DFN — Deutsches For-
schungsnetz

DTE — Data Terminating
Equipment {(user of X.25 net-
work)

EARN — European Academic
Research Network

EUNET — European Unix Net-
work

Eureka — A European inter-
governmental research pro-
gramme

Gateway — Device connecting
two different networks

GIFT — General Internet File
Transfer, a converter at CERN
JANET - Joint Academic
Network (UK)

MINT — Mail Interchange, a
set of converters at CERN

NORDUNET - Nordic Univer-
sity Network

OSI — Open Systems Inter-
connection, generic standards
for networking

PTO — Public telecommunica-
tions operator (e.g. a PTT)

RSCS — Proprietary protocol
from IBM

SNA — Proprietary network
architecture from IBM

SPAN — Space Physics Analy-
sis Network

TCP/IP — De facto standard
protocols from America
USENET — American original
of EUNET

X.25 — Standard for public
data networks
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People and things

On people

Kenneth Stanfield becomes Deputy
Director at Fermilab. Formerly Head
of Fermilab’s Research Division, he
now takes on certain special as-
signments as well as deputizing for
Director John Peoples.

Beat Hahn retired recently as Lead-
er of the High Energy Physics
Group at Berne, Switzerland. From
1968-71 he was a member of
CERN'’s Scientific Policy Committee
and from 1984-88 served enthu-
siastically on the Swiss delegation
to CERN Council. With the revolu-
tionary BIBC (Berne Infinitesimal
Bubble Chamber) apparatus he
made valuable contributions to the
measurement of charm particle life-
times. He is succeeded at Berne by
Klaus Pretzl, who moves from Mu-
nich's Max Planck Institute, and on
the Swiss delegation to CERN by
Ernest Heer of Geneva.

After nine years at Brookhaven,
where he took over as CERN Cou-
rier correspondent from Peter
Wanderer and Philip Schewe, Neil
Baggett moves to Texas to join
Roy Schwitters’ team preparing to
build the big SSC Superconducting
Supercollider. With Neil, CERN Cou-
rier readers can look forward to
timely and informed progress re-
ports on this key US project for the
90s. His place as Brookhaven cor-
respondent is taken by Alan Stev-
ens.

Phillip Pile, formerly of the Physics
Department at Brookhaven, be-
comes Head of the Experimental
Planning and Support Division of
the Alternating Gradient Synchro-
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tron (AGS). He replaces Don Laza-
rus, Division Head for the last five
years and who will now take on
some of the experimental area
technical challenges which high in-
tensity operation with the AGS
Booster will present.

One of the six scientists speaking
at a special top-level closed semi-
nar organized at the instigation of
UK Prime Minister Margaret
Thatcher was John Hassard of
London’s Imperial College on ‘Parti-
cle physics and the LEP accelera-

’

tor.

AdA at Orsay

The caption of the photograph of
Frascati’'s AdA electron-positron
collider which appeared on page 4
of the September issue was unfor-
tunately incorrect. This revolutiona-
ry machine, when moved from
Frascati to the French Orsay Labo-

Japanese Prime Minister Toshiki Kaifu (right}
greeted at the Canadian TRIUMF Laboratory
in Vancouver by (left to right) Advanced
Education Minister S. Hagen, British Colum-
bia Premier W. Vander Zalm and TRIUMF Di-
rector E.W. Vogt. An article on physics
groundwork for the proposed international
KAON project at TRIUMF will appear in the
December issue.

ratory in 1962, where increased in-
jJection energies were available,
went on to make pioneer studies of
electron-positron collisions.

Supercollider users

New Chairman of the Users Organ-
ization of the US Superconducting
Supercollider — SSC, to be built in
Ellis County, Texas — is David Cas-
sel of Cornell, who succeeds Lee
Pondrom of Wisconsin.

J.C. Kluyver

J.C. Kluyver died on 30 Septem-
ber, aged 69. After working at
CERN from 1956-60, he left to be-
come professor of physics at Am-
sterdam. The founding father of
Netherlands experimental high en-
ergy physics, he played a major
role in the creation of the Nether-
lands National Institute for Nuclear
and High Energy Physics (NIKHEF).
He continued to collaborate in ex-
periments at CERN, and was Dutch
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PENNSYLVANIA STATE UNIVERSITY

FACULTY POSITION
IN EXPERIMENTAL
PARTICLE PHYSICS

Penn State University is accepting applications for the
position of Assistant Professor in Experimental Particle
Physics for September 1990.

Applications are invited from experimentalists with back-
grounds in fixed target high energy or intermediate energy
physics.

Penn State is involved in an experimental program which
studies QCD effects (color transparency) in the propaga-
tion of relativistic hadrons through nuclear matter. Appli-
cants should have a Ph. D. degree in physics and at least
two years of postdoctoral experience.

Send application, curriculum vitae and names of four refe-
rences to
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University Park, PA 16802,
by February 15, 1990, or until a suitable pool of candi-
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An affirmative action/equal opportunity employer. Wo-
men and minorities are encouraged to apply.

INDIANA UNIVERSITY
CYCLOTRON FACILITY
(IUCF)

POSTDOCTORAL RESEARCH ASSOCIATE
MEDIUM ENERGY NUCLEAR PHYSICS

IUCF invites applications for research associate posi-
tions. The laboratory has recently completed a major
facility upgrade consisting of a storage ring with electron
cooling which also allows acceleration of the stored beam
up to 500 q2/A MeV. This "Cooler’ offers novel possibi-
lities for performing a new generation of subatomic phy-
sics experiments with beams of unconventional and su-
perior characteristics. Research associates at IUCF parti-
cipate in on-going laboratory research programs with the
possibility of initiating their own individual projects.

Initial appointments will be for one year, with possible
renewal for two additional years. A Ph.D. in experimental
subatomic or accelerator physics is required. Applica-
tions for IUCF research associate positions are accepted
on a continuing basis and starting dates can be adjusted
to suit the situation of the candidites.

Applications including resume, bibliography, and three
references should be sent to

Dr. John M. Cameron,
Director,

Indiana University

Cyclotron Facility,

2401 Milo Sampson Lane,
Bloomington, Indiana 47405.

Indiana University is an Affirmative Action/Equal Oppor-
tunity Employer.

EXPERIMENTAL HIGH ENERGY
PHYSICS FACULTY POSITION

University of California, Davis

The UCD Department of Physics invites applications for a tenure
track, regular faculty position in the area of EXPERIMENTAL
HIGH ENERGY PHYSICS. The position will be available starting
July 1, 1990, and is part of a coordinated development of the
Department that includes new positions in high energy physics.
Appropriate startup funding will be available to the successful
candidate. An appointment at the Assistant Professor level is
planned with salary commensurate with experience. We seek an
experimentalist with an excellent research record, a potential for
leadership, and the ability to guide graduate students and to
teach at all university levels.

Current experimental activities at Davis include the AMY detec-

tor at the Tristan electron-positron collider in Japan, the H1 |

detector at the Hera proton-electron collider in West Germany,
fixed target experiments (E653 and E687) and B-Bbar collider
detector development at Fermilab, hi-luminosity PEP, and SSC
detector development. The theory group at UCD is also quite
active, with interests ranging from mathematical physics to phe-
nomenology.

Activities are also facilitated by the existence of a high energy
physics institute on campus.

Please address applications (including curriculum vitae, list of
publications, a statement of research interests, and three or
more names for references) to

Robert N. Shelton,

Chair,

Department of Physics, UCD,

Davis CA 95616.
Although the search will continue until a candidate with out-
standing qualifications is found, review will begin on January 1,
1990.

UCD is an Equal Opportunity/Affirmative Action Employer.
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Tel. 02174/678-0
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J.C. Kluyver

John Warren, 1915-1989, founder and first
director of the Canadian TRIUMF Laboratory
in Vancouver.

delegate to CERN Council from
1980-87, serving for the latter
three years as one of Council’'s
Vice-Presidents.

ohn Warren

John Warren, chief instigator and
first Director (1968-7 1) of the Ca-
nadian TRIUMF Laboratory in Van-
couver, died on 7 September at the
age of 74. His physics debut in el-
ectron diffraction at London’s Im-
perial College was followed by
work on airborne radar during
World War Il (when he was John
Adams’ group leader at Malvern).
Switching fields, from 1945-8 he
built the first two accelerators in
Canada at Chalk River and Van-
couver (both Van de Graaffs) and
another at Glasgow. The school of
nuclear physics he founded at the
University of British Columbia flou-
rished under his liking for funda-
mental experiments and provided
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the manpower base from which
heled the initial construction of the
TRIUMF Meson Factory. Neither re-
tirement in 1980, nor a stroke last
year could put him out of action.
He continued to contribute actively
to muon and muonium experi-
ments, recently provoking and par-
ticipating in a check of the muon
catalysis of cold fusion. His inspir-
ing leadership will be remembered
in a new John Warren Chair in Nu-
clear Physics at the University of
British Columbia.

while his pioneer work and inspira-
tion pushed the application of su-
perconducting radiofrequency tech-
niques, now such an integral of
modern physics. He also developed
ultralow magnetic field technology
for use in searches for free quarks
and magnetic monopoles.

William Fairbank

William Fairbank died on 30 Sep-
tember, aged 72. He was best
known for his work in supercon-
ductivity, where, with Bascom
Deaver, he discovered flux quanti-
zation in 1961. His ingenious low
temperature precision instrumenta-
tion profited a variety of fields,

Krypton from Saturne

In the report on the successes with
krypton ion beams at the Saturne
synchrotron at the French Saclay
Laboratory (September, page 17),
the maximum krypton energies un-
fortunately were given wrongly.
The machine takes krypton-30+ to
700 MeV per nucleon.
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UNIVERSITY OF CALIFORNIA,
RIVERSIDE

FACULTY POSITION IN
EXPERIMENTAL RELATIVISTIC
HEAVY ION COLLISIONS

The Department of Physics at the University of California, River-
side expects to make a faculty appointment in the area of Expe-
rimental Relativistic Heavy lon Collisions on or after July 1,
1990.

Individuals with a background in experimental nuclear/particle
physics are invited to apply.

The level of appointment will be that of Assistant Professor
(tenure-track) or, for an exceptionally qualified individual with an
established record in research, an Associate Professor (tenure)
appointment can be considered.

The individual appointed will be expected to join the ongoing
Riverside research program in relativistic heavy ion collisions,
and to be strongly committed to teaching at all levels of graduate
and undergraduate studies.

Please send a resume and request that at least three letters of
reference be sent to:

Chair, Search Committee

Experimental Relativistic Heavy lon Collisions
Department of Physics

University of California

Riverside, CA 92521

The deadline for applications will be January 15, 1990. Any
applications received after this date will be considered only if an
appointment is not made from the original pool.

The University of California, Riverside is an Equal Opportunity,
Affirmative Action Employer.

Department of Physics
Stanford University

The Department of Physics at Stanford University seeks to make
tenure-track or tenured faculty appointments in the following
fields:

Experimental/Observational Astrophysics

Theoretical Astrophysics

Experimental Atomic, Molecular, and Optical Physics
Experimental Condensed Matter Physics

Theoretical Condensed Matter Physics

Experimental Particle Physics

Theoretical Particle Physics

Approximately nine appointments will be made over the next six
years, at the average rate of one or two a year. The majority of

these appointments will be at the junior level, but each appoint-
ment will be considered separately.

The Department pursues research in fundamental physics and
maintains a strong teaching program at all levels.

Candidates will be expected to have demonstrated originality
and the ability to carry out an independent research program,
along with a commitment to teaching.

Stanford University actively seeks applications from women and
minority candidates and is an affirmative-action employer.

Applications, including curriculum vitae and bibliography {plus, in
the case of junior-level appointments, the names of at least three
referees) should be sent to

Alexander L. Fetter. Chair
Department of Physics
Stanford University
Stanford, CA 94305-4060

UNIVERSITY OF COPENHAGEN

FACULTY OF NATURAL SCIENCES
(HIGH-ENERGY)

Applications are invited for a Chair (Professorship} in THEORETICAL
HIGH-ENERGY PHYSICS at the Niels Bohr Institute, as from

July 1, 1990.

The professor will be appointed as a Civil Servant under the Ministry of
Education and Research. The annual salary amounts to approximately
360 000 Danish kroner.

The present research activities within the field of theoretical high-energy
physics at the Niels Bohr Institute include in particular: lattice field theo-
ries, {super-) string theory, conformal field theory, cosmic strings, studies
on the foundations of the standard model, aspects of electro-weak theory
{baryon decay, large magnetic fields), numerical and analytical investiga-
tions of random surfaces, quantum gravity.

In the evaluation of the applicant, importance will be attached to the
applicant’s broad background within theoretical high-energy physics, and
the chosen candidate will be expected to interact with the existing
research group in theoretical high-energy physics at the Niels Bohr Insti-
tute. The professor will also participate in the university teaching at all
levels. The language of instruction is Danish, but English will be accepted
for the first two years of the appointment.

Further information about research planning, facilities, and staff at the
Niels Bohr Institute may be obtained from the Director, Blegdamsvej 17,
DK-2100 Copenhagen @ Denmark.

Applications should include a curriculum vitae, a complete list of publi-
cations, copies of scientific publications and further documentation which
the applicant wishes to be considered, and a brief outline of proposed
research. Information concerning the applicant’s teaching experience,
which will be evaluated by the Study Board, should also be submitted.
The material should be submitted in triplicate together with acomplete list
of the material.

After evaluation of the applicants’ qualifications by a specially appointed
Evaluation Committee, the Committee’s report will be sent to all appli-
cants.

Applications are to be addressed to Her Majesty the Queen of Den-
mark, and sent to the Faculty of Natural Sciences, Panum Instituttet,
Blegdamsvej 3, DK-2200 Copenhagen N, Denmark. The closing date
for receipt of applications is January 15, 1990.

INDIANA UNIVERSITY

FACULTY POSITION
ACCELERATOR PHYSICS

The Department of Physics at Indiana University-Bloomington invites
applications for a tenure-track faculty position at the associate or full
professor level in accelerator physics.

The department is establishing a new graduate program in accelerator
physics and is inviting applications from Ph.D. physicists with extensive
experience in the theory and practice of accelerator design who are
interested in and capable of taking a leading role in building and guiding a
strong academic and research program in accelerator physics.

Responsibilities include developing and teaching an appropriate curricu-
lum in accelerator physics and supervising graduate student research in
accelerator physics at the Indiana University Cyclotron Facility or other
major accelerator facilities.

Indiana University is a major research institution with strong programs in
accelerator-based nuclear and high energy particle physics and a 50-year
history of forefront accelerator development and construction.

Present facilities include a 200 MeV separated-sector cyclotron and a
500 MeV storage ring/synchrotron with electron cooling. Several senior
faculty members and IUCF staff members with experience in accelerator
design will also be involved in the new accelerator physics program.

To apply please send a complete vita (including a description of research
interests, accomplishments, and a list of publications), and arrange for a
minimum of three letters of reference to be sent to

Professor J.M. Cameron
Department of Physics
Indiana University
Bioomington, IN 47408

Applications must be received by the closing date of February 16,
1990.

Indiana University is an Equal Opportunity/Affirmative Action Em-
ployer.
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SCINTILLATORS

high efficiency are available.

ZINSSER
ANALYTIC wio Lta.

Howarth Road, Stafferton way, Maidenhead, Berks. SL6 1AP
Telephone 0628/24570 - Telex 849462

The Better
VacuumBook.

twenty years ot
building vacuum

components better—the
all new Huntington Catalog. ™=
With everything from valves to
manipulators, flanges to feedthroughs, standard and

custom chambers. For a free copy, note your applica-
tion on letterhead to: Huntington Laboratories, 1040

L’Avenida, Mtn. View, CA 94043. Or call: (800) 227-
8059. In CA: (415) 964-3323. Fax: 415-964-6153.

g}g Huntington

Built Better. For 20 Years.
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e PHILIPS

&

Philips a la conguéte des étoiles

A

(uand on propulse des fortunes dans lespace,
on a tout intérét a disposer dun vecteur
absolument fiable. Les températures dexplor-
tation des éléments propulseurs, des pompes turbo et des
autres points sensibles dAriane 1V sont en permanence
surveillés trés étroitement. Par des éléments thermigues
hypersensibles de Philips. Ils répondent aux exigences les plus
élevées et servent dans tous les cas ou une grande puissance
calorifigue est exigée et ou des températures entre -250° C
et +2200° C doivent étre saisies vite et précisément.
les capteurs de température Thermocoax de Philps se
aistinguent par des temps de réponse extrémement courts et
assurent ainsi des températures constantes et des économies
dénergie. En plus des éléments standards livrables sur stock,
Philips propose également des produits spéeiaux, fabriqués
selon les désirs particuliers de clients venus de tous les
secteurs industrigls. En matiére d'éléments thermiques, le
«fil rouge» est assurément celui gui vous relie directement &
Philips. e

Philips SA, S+1/Automation industrielle
case postale, 1196 Gland, Tel. 0226471 7] fax 022 64 26 42
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NEW

Monomode
fibre-optic
connectors

m OPTABALL alignment and adjusting systems.

m Compatible with the VFO and DF series of Radiall.

n Avauabie frthe models plugs, sockets, couplers,
ixed: aditistable atlenuat ‘

LEIIIHEEZ@

P.0.Box 194 Ch. des Champs —Courbes 1024 Ecublens Tel. (021)691 1616

Spectrum-Analyzer

FSA Spectrum

FSAS Spectrum & Network
FSAC Communications

FSB Spectrum 5,3 GHz

100 Hz ...1,8 (2,0) GHz

100 Hz ...5 (5,3) GHz

- 150 dBm... + 30 dBm {Dynamic >100 dB)

6 Hz ...3 MHz Resolution

[EC 625 BUS (IEEE 488), IEC-Controller, MS-DOS

ROH DE& SCHWARZ
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40 YEARS EXPERIENCE
IN HIGH POWER RF SYSTEMS

Coaxial and Waveguide Components

e High Power Loads

e High Power Switches and Couplers
® High Power Transmission Lines

® Accelerating Structures

Example:

ACCELERATING STRUCTURE
FOR THE INJECTOR OF THE
} 3 LARGE STORAGE RING
LEP AT CERN
i

.\

P
*,@ N 4
&9 # ’
] . i ’
_ﬁv . . : ¥ -

Spinner GmbH e Elektrotechnische Fabrik
ErzgieRereistraBe 33 e D-8000 Miinchen 2
l - l Telefon 089/126 01-0 e Telex 523 584
Telefax 089/1 26 01-210 e Teletex 898 379
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We'll go to any depth

to meet your PMT needs.

M

= BURLE s PMT innovation is meeung today’s
= of high performance photomultipliers

requ lormorrow’s applications. Consider
: m;mwgt-tm-art PMT BURLE developed

- “for underwater neutrino observatories.

“Our PMT far exceeded customer expectations
for single photo-electron resolution and transit
tlme spread

BURLE makes more than 100 types of PMT’s for a broad
variety of applications.

This same BURLE PMT technology is
being utilized in spectrophotometers, gamma
cameras, Positron Emission Tomography and
other advanced equipment. BURLE’s commit-
ment to continued technology development
for its other electron tube products means
you’ll benefit from innovation developed for
different fields of research.

When you need PMT'’s, call the company
with a 50 year tradition of excellence in
photomultiplier tube technology. Call BURLE at
(44) 932 785511. BURLE INDUSTRIES U.K.
Ltd., Serco Building, Sunbury-on-Thames,
Middlesex, TW16-7HW, England. Telex:

851 24246. FAX: (44) 932 782714. Or in the
U.S.A,, call BURLE at (717) 295-6031. BURLE
INDUSTRIES, INC., 1000 New Holland Avenue,
Lancaster, PA 17601-5688.

Experience counts.

Tubes



