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Forward vision at DESY

{CFA Chairman and DESY Director Bjorn Wik
- bright future for particie physics

(Photc Patrick Piel)

With inter-regional collaboration
increasingly becoming a reality, the
role of the International Committee
for Future Accelerators - ICFA, a
unique forum for objective
international exchange, becomes
correspondingly more important.
ICFA Chairman and DESY Director
Biarn Wiik points ouft that the
indefatigable push for innovation
which has always been such a strong
feature of particle physics shows no
signs of abating, despite economic
pressures and changed physics
horizons, A series of CERN Courier
articles under ICFA patronage will
project this forward vision as seen
from major laboratories throughout
the world. The first arficle looks at the
DESY Laboratory in Hamburg.

ESY, the Deutsches Elektronen

Synchrotron centre in Hamburg,
has come a long way since the
original 6 GeV electron machine
began operation in 1964, Providing
synchrotron radiation as well as high
energy beamns, DESY now attracts
more than 3000 users from 35
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countries. Particle physics at the
unigue HERA 6.3 kilometre electron-
proten collider alone has 1200
researchers from 114 institutes in 25
countries. Some 800 of these come
from outside Germany.

1997 has been a very successful
year for HERA. The collider, which
began operation in 1992, reached a
peak luminosity of 1.4 x 10%" per sq
cm per s, and an integrated
luminosity of some 36 inverse
picobarns (September 1997, page
18) compared to the design values of
1.5 x 10* and 35 respectively.

The major H1 and Zeus
experiments began 1997 in a blaze
of publicity with their unexpected
yield of wide-angle scatterings (April,
page 1). Thanks to a record number
of HERA collisions, these
experiments collected more data in
1997 than in all previous years
combined. Physicists are eager to
see whether this harvest continues to
reflect the initial abnormal trend for
wide angle scatterings. However
results reported last summer did not
suggest that this would be the case.

At the DESY Laboratory in Hamburg, particle
physics af the unique HERA 6.3 kitomstre
electron-profon coflider alone has 1200
researchers from 114 institutes in 25 countries.
Some 800 of these come from outside
Germany.

(Phofo P. Waloschek}

To settle this guestion, however,
would require more luminosity, and
an upgrade is now underway to
increase the HERA peak luminosity
to 7 x 10%, five times its design
value. This requires a redesign of the
interaction region to maove the final
focus proton quadrupole magnet
closer to the interaction regio and
involves rather exotic magnets. If
funding can be secured this upgrade
will take place in the 1999/2000
shutdown.

The new HERMES experiment,
using longitudinally polarized
electrons and a polarized gas jet
target, has benefited from
polarization levels reaching 60%,
giving also a record annual data
yield.

The other major HERA experiment,
HERA-B, using the HERA proton
beam to produce B particles
{containing the fifth - beauty, or b,
quark) is in its final stages of
installation and should begin
commissioning this year with data
taking in 1999. Machine physicists’
worries that HERA-B would perturb
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DESY project planning agreement signed

On 19 March, representatives of the city of Hamburg and the
neighbouring German state of Schleswig-Holstein signed an
agreement covering planning requirements for the construction
and operation of a TESLA electron-positron linear collider for the
DESY laboratory in Hamburg. The TESLA collider (October 1997,
page 12) would need a 33-kilometre tunnel to house two
15-kilometre accelerators, one for electrons, the other for

positrons.

HERA’s electron-proton collision
performance have turned out to be
unfounded.

For the future, the HERA electron
vacuum system is being improved to
permit electron-proton collisions (all
physics so far has been with
positrons, due to electron beam
lifetime problems). Additional
radiofrequency power and an
improved proton supply will also
boost the collision rate, while running
the superconducting magnets at 4K
rather than 4.7K will allow the proton
beam to attain 900 GeV rather than
the 820 GeV energy used so far.
Indeed the HERA magnets have
already been ramped to slightly
above 1 TeV (1000 GeV).

For the long range future two
options are now being explored,
storing polarized protons and heavy
ions in the HERA proton ring. A
conceptual design study has shown
the feasihility of using polarized
protons in HERA, and an
international working group led by
polarization specialist Alan Krisch of
Michigan in collaboration with the
polarization experts at DESY headed
by D. Barber is looking into the
suppression of depolarizing
resonances using ‘Siberian snake’
magnets. The physics possibilities of
polarized electron-proton collisions at
HERA collider energies were
examined in a recent workshop held
at Zeuthen (Berlin).

A DESY/GSI (Darmstadt)/
Novosibirsk collaberation is looking
at the possibilities of storing nuclei in
the HERA superconducting ring. A
forthcoming physics workshop will
explore the research potential.

On DESY'’s traditional electron-
positron front, higher energies call for
linear colliders to avoid the problems
of massive synchrotron radiation
losses. DESY, with the support of a

Research and development work for eleciron-
positron linear colliders at DESY now focuses
on the superconducting radiofrequency
cavities (TESLA) approach, using L-band (1.3
GHz} niobium cavities coonled by superfluid
helium to 2 K. This shows a sketch of the 5 m

diameter TESLA linac tunnel infrastructure.

large international collaboration, has
been pushing design work for a 500
GeV collider and a first Conceptual
Design Report was published in the
spring of 1997. After promising
results last year with
superconducting radiofrequency
cavities (July 1997, page 1), the R&D
effort now focuses on this {TESLA)
route, using L-band (1.3 GHz)
niobium cavities cooled by superfluid
helium to 2 K.

New manufacturing technigues will
lock at the possibilities of using
cavities spun or hydroformed from a
single piece of nichium, thereby
avoiding the performance problems
from welds. A welcome benefit of this
technology is a substantial reduction
in cost. Palmieri and his coworkers at
the INFN nuclear physics laboratory
in Legnaro have already produced 4
and 5 cell chamber cavities by
spinning.

At the test linac now under
construction electrons have been

accelerated to 125 MeV correspond-
ing to an accelerating gradient of
16.7 MV/m. Two further modules will
be installed by late autumn raising
the electron energy to 400 MeV. This
linac, augmented by an
radiofrequency photoinjector, two
longitudinal bunch compression
systems and a high precision
undulator will also be used to
demonstrate the production of
intense bursts of light by the SASE
{Self Amplified Spontaneous
Emission) method.

In a second stage the accelerator
will be upgraded to energies above 1
GeV by adding further modules
incorporating the experience from the
first study. This linac will then act as
the driver of a SASE free electron
laser undulator yielding light in the
vacuum ultraviolet region with
unprecedented properties.

As well as providing beams for high
energy physics, this linear machine,
eventually up to 33 kilometres long,

CERN Courier, April 1998
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Forward vision at DESY

More than 1900 experimenters now use
synchrotron radiation faciiities at DESY’s
HASYLAB. Synchrotron radiation is well suited
to determine the elecironic and geometrical
structures of atoms and molecules, and has
widespread applications.

could also drive an X-ray free elec-
tron laser and deliver electrons to a
pulse stretcher ring for nuclear
physics experiments (the ELFE
project}. DESY’s linear collider
development programme was sum-
marized in a previous article (October
1997, page 12).

As well as particle physics, DESY
has acquired other strings to its bow.
Early in its history, DESY soon
capitalized on the trend towards
electron-positron colliders, first with
the 9 GeV (4.5 GeV per beam)
DORIS, commissioned in 1974 and
subsequently upgraded to 11 GeV,
and then PETRA, operating up to 47
GeV. Experiments exploiting
synchrotron radiation started at
DESY in 1964 in parallel with particle
physics experiments and it was
hence natural to exploit these
storage rings for their spinoff
synchrotron radiation.

This burgeoned into a full research
programme, and more than 1900
experimenters now using synchrotron
radiation facilities at DESY’s
HASYLAB (using DORIS, and in a
parasitic mode PETRA) complement

the laboratory’s traditional particle
physics activity. Synchrotron radia-
tion is well suited to determine the
electronic and geometrical structures
of atoms and molecules, with wide-
spread applications in medicine, solid
state physics, chemistry,
crystallography, geoscience, materi-
als science and molecular biology.

Work at DESY in this latter sphere
is in close collaboration with the
European Molecular Biclogy Centre
(EMBL), where DESY technology
and infrastructure has played a vital
role. In total some 700 biologists from
all over Europe, including three Max
Planck groups, use DESY facilities.
Major advances using this
synchrotron radiation have come in
non-invasive coronary angiography,
enzyme and semiconductor
structure, etc. As well as being
scientific advances in their own right,
these studies provide DESY with a
useful multi-disciplinary atmosphere
and outlook.

DESY is poised for a graceful entry
into the next century.

US forward
look

To guide thinking, every few years
the High Energy Physics
Advisory Panel (HEPAP) of the US
Department of Energy commissicns
a subpanel to help plan the emerging
scenario for US high energy physics.
The latest such reportis by a
subpanel chairgd by Fred Gilman of
Carnegie Mellon.

The previous such report, in 1994
by a subpanel chaired by Sid Drell of
SLAC, had to face the situation in the
US following the demise of the US
Superconducting Supercollider in
1993. The Drell report recommended
that the US join the LHC project at
CERN to build a proton collider in the
27 kilometre LEP tunnel.

US involvement in this project is
now assured, and was formally
recognized by the signing of an
agreement in Washington last
December (January, page 1).

‘The financial and intellectual scale
of future facilities means that
international collaboration in their
design and construction is
increasingly necessary,’ says the
Gilman report. ‘This trend is
exemplified by US participation in the
LHC collider at CERN.’

Meanwhile the Subpanel places
highest priority on optimum utilization
of the forefront facilities nearing
completion and recommends that
funding for aperation of the Fermilab
Tevatron collider, the PEP-II
electron-positron collider at SLAC,
Stanford, and the CESR electron-
positron collider at Cornell, and for
the physics groups using them, be at
a level that ensures they fulfil their
physics potential.

In particular, the Tevatron will
remain the world’s highest energy
collider until commissioning of the
LHC in 2005, and, following the
closure of CERN’s LEP electron-
positron collider, from 2001-5 will be
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US forward fook

the only place where the key
guestion of electroweak symmetry
breaking (Higgs mechanism) can be
investigated. The report advocates
boosting the Tevatron collision rate to
ensure maximum physics reach
during this period.

tn the short-term, the fixed-target
programme at the Fermilab Tevatron
and SLAC’s SLC linear electron-
positron collider will soon cease
operation.

The Subpanel ‘strongly endorses’
the physics goals of the LHC and US
participation in the accelerator and in
the ATLAS and CMS experiments.

For the longer-term future, the
Subpanel recommends that a new
facility at the energy frontier be an
integral part of the US national
programme. R and D collaboration
between SLAC and the Japanese
KEK Laboratory should continue
towards a common design for an-
electron-positron linear collider with a
luminosity of at least 10% per sq cm
per s and an initial collision energy of
1 TeV, eventually augmented to 1.5
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TeV. The Subpanel recommends a
Conceptual Design Report. Any
construction decision would be taken
by a future Subpanel.

Elsewhere, R and 3 towards a
muon collider and on a ‘very large’
hadron collider should continue, and
at an increased level. While CERN’s
LHC is targeted for a collision energy
of 14 TeV, the 'VLHC’ looks towards
100 TeV in a ring of circumference
100 - 800 km (depending on the
strength of the magnetic field in the
bending magnets). Likewise progress
in these sectors should be reviewed
in about two years.

The Subpanel rues the erosion of
US university particle physics, both in
terms of the numbers of students
involved and the support available.
To safeguard the vitality of the
national programme, the Subpanel
stresses than over a two-year period,
the available funding should be
ramped to 10% above inflation to
‘partially restore the losses of the last
five years and better prepare
university groups to use the new
facilities’. In particular, the Subpanel
recommends the establishment of
new funding, at an annual level of $2
miilion, for generic detector R and D
to seed the ground for future
experiments.

The recommendations come in the
context of recent US proposals to
drastically increase the nation’s
research budget over the next
decade, a move the Subpanel
strongly supports.

Fred Gilman of Carnegie Meilon chairs the
latest HEPAP subpanel to recommend future
scenarios for US high energy physics.

Around the
Laboratories

TRIUMF
Canadian contribution
to the LHC

ince 1995 the TRIUMF

Laboratory in Vancouver has
been collaborating with CERN staff to
provide a five-year $30-million
Canadian contribution to CERN's
LHC collider complex. This is in
addition to contributicns to the LHC
detectors, and has involved activities
in a variety of areas, not only on the
LHC itself, but, especially in this
initial phase, on the machines in the
injector chain. In particular, the
Proton Synchrotron (PS) and its
Booster require major medifications
to deliver proton beams with much
higher brightness, more strictly
controlled emittance, and a different
bunch spacing.

The beam brightness required to
achieve the LHC luminosity
specifications is a severe challenge
at low energies because of space-
charge defocusing. To counter this
the whole beam filling system is
being changed to allow two Booster
cycles, instead of one, to feed each
PS cycle (with both machines
operating at lower radiofrequency
harmonics), and the Booster energy
is being raised from 1.0 to 1.4 GeV to
facilitate injection into the PS.

The Canadian contribution here has
been the ferrite rings and the tuning
and high-voltage power supplies for
the four new first-harmonic r.f.
cavities for the Booster, most of the
magnets and power supplies for the
upgraded 1.4 GeV transfer line
between Booster and PS, new
transformers for the Booster main
magnet supply, and a reactive power
compensator to reduce Booster-
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CERN's PS complex, showing the equipment
{shaded blocks) contributed by Car-
TRIUMF.
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induced transients on the electrical
grid. The magnets (3 dipoles, 7
quadrupeoles and 5 steering dipoles),
which differ from those they replace
by being laminated for pulsed
operation, were designed and
fabricated by industry, but mapped
and shimmed at TRIUMF.

The 36 transfer-line power supplies
were built by Inverpower Controls,
the 5 large rectifier transformers by
Ferranti-Packard, and the 20 MVAR
compensator by GEC-Alsthom with
TRIUMF acting as contract manager
in each case. TRIUMF has also
produced 15 Timing Surveillance
Modules for the PS contrels group,
with a further 30 to follow.

The measures taken to restrict
emittance growth as the beam
progresses through the injector
chain, in which there has been
Canadian involvement, include
improving the accuracy of beam
profile measurement and shortening
kicker rise-times. A fast blade profile
monitor for the Booster has been
designed and a prototype is under
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construction. A possible technique for
shortening the PS kicker rise-times is
to improve the putse shape by the
use of saturating ferrite inductors;
simulations and full-scale tests at
TRIUMF have canfirmed that
significantly shorter rise-times can be
obtained by placing inductors at the
kicker input.

To produce the 25 ns bunch
spacing required in the LHC, the
beam in the PS will be allowed to
debunch at top energy and will then
be recaptured using new 40 MHz and
80 MHz r.f. cavities. Canada has
contributed the high-voltage power
supplies, the tuner designs, and the
higher-ordaer-mode dampers for these
five cavities, Seven different damper
designs and 6 filter assemblies were
needed, requinng extensive
computer simulations and model
studies (September 1995, page 15).

As most of the equipment required
for the PS and Booster had to be
installed during the 1997-8 winter
shutdown, last year was an
especially challenging period for

TRIUMF staff and for the many
companies manufacturing the
components. Happily, the
commitments were all met, although
not without special efforts and some
use of air freight! Although the
majority of the Canadian
contributions have been directed to
the PS complex, others have
involved the SPS and LHC. Thus, for
the SPS orbit monitor electronics
upgrade, TRIUMF has built, tested
and sent to CERN fifty 200 MHz and
four 47.5 MHz calibrator modules,
with a further 250 of the 200 MHz
modules to be delivered during 1998.
For the LHC itself, Canada is
contributing to the injection kickers,
the cleaning-insertion quadrupoles,
and the current calibration
equipment. For the kickers, a
prototype 60 kV resonant charging
power supply has been designed,
built and tested, nine pulse forming
networks will be built based on a
CERN prototype, and computer
simulations of the entire kicker circuit
are under way to optimize the design
and reduce the ripple below + 0.1%.
GEC Alsthom in Quebec has built a
prototype of the novel twin-aperture
warm quadrupoles to be used in the
beam cleaning insertions at LHC
Points 3 and 7. Measurements
International in Ontario has supplied
a 20 kA 1 ppm current comparator
and other calibration equipment.
Besides ali these hardware
contributions, CERN and TRIUMF
staff have been collaborating on a
variety of beam dynamics studies.
For the LHC this includes
optimization of the beam optics and
of the collimator locations and
orientations in the betatron and
momenium cleaning insertions;
calculation of hardware impedances
potentially affecting beam stability;
and development of a simulation tool
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Around the Laboratories

Part of CERN’s PS profon synchrotron
complex, showing equipment contributed by
Canada via the TRIUMF Laboratory in
Vancouver. Two of the seven new
quadrupoles from Canada are installed in the
double 1.4 GeV Booster-FS transfer fine.
Further upstrearn (left), the four fransfer lines
from the four-ring Boosier (one line per ring)
merge info the two lines seen here.
Downstrearn these two lines in turn merge into
a single pipe before injecting info the PS.

for testing online control of betatron
tune and chromaticity. The latter two
studies are also being carried out for
the SPS, and indeed the tune control
scheme will be first tested there. For
the PS complex, there has been
collaboration in the development of
low-energy orlgjt simulation codes,
and in experimental and theoretical
studies of second harmonic r.f. in the
Booster, where a longstanding
instability has finally been identified
as a sextupole mode, rather than a
beam-loading or space-charge effect.

With this collaboration approaching
its completion in 2000, planning has
now begun on the preparation of a
proposal to the Canadian
government for the inclusion of a
contribution of similar value in
TRIUMF's next Five Year Plan for the
years 2000-5.

The spotlight is now switching from
installation to commissioning the
upgraded systems. Low intensity
beams have been taken to the PS
top energy on the new r.f. harmonics
and the new equipment, most of
which is of Canadian origin, has
performed well. Higher intensities are
the next goal.

More Canadian contributions: chokeas for the
20 MVAR static compensator (in the cabin
behind) for the Booster main power supply.

CERN
Stealing a march on
the millennium

To add further confusion to current
arguments as to whether the
third millennium starts in the year
2000 or 2001, a number of physicists
in Japan and Europe are working to a

CERN Couriar, April 1998



Around the Laboratories

Figure 1. Hypertine splifiing of the (n, I} =
(37,35) to (38,34) transition in antiprotonic
helium. The wavelength splitting of 2.98 pm
(1.7 GHz) corresponds to the tiny energy
difference {7 x 10-% eV} between states with
the electron spin magnetic moment up and
down refalive to the antiproton orbital magnetic
moment (E. Widmann et al. 1897, Physics
Letters B404, 15).
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calendar in which 1 AD corresponds
to 1999.

This odd millennial convention is
related to the closure of CERN’s Low
Energy Antiproton Ring (LEAR)
which, although it ceased operation
in December 1996, did so in a blaze
of glory. Among its late successes
were the historic first synthesis of
antihydrogen atoms (March 1396,
page 1) and the opening up of a new
research field of laser spectroscopy
of antiprotonic helium atoms
{November 1896, page 13), in which
both an antiproton and a residual
electron ‘orbit’ the helium nucleus.
The AD (Antiproton Decelerator -
May 1997, page 1), a less complex
but more economical replacement for
LEAR, is the phoenix rising from the
ashes of this conflagration, and
should begin operation in 1399.

In November, CERN’s Research
Board, which had already approved
two AD experiments (ATHENA and
ATRAP) to investigate the antiworld
through the antihydrogen atem, gave
the go-ahead for a new programme
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of research on antiprotonic helium,
largely funded by the Japanese
Ministry of Education, Science,
Sports and Culture (Monbusho}, and
to be done by a Japanese-European
collaboration bearing the name
ASACUSA. This stands for Atomic
Spectroscopy and Collisions Using
Slow Antiprotons, but it is also the
namesake of the famous Asakusa
temple district, familiar to every
visitor to central Tokyo and located
just a few kilometres from the Tokyo
university campus. The collaboration
has chosen for its logo the giant
lantern of the Kaminari-mon, the
ceremonial gate leading into Asakusa
{see cover picture).

The ASACUSA programme is an
outgrowth of the LEAR work on
antiprotonic helium, which traces its
origins to 1990 when a Tokyo group
working at the Japanese KEK
Laboratory showed that about 3% of
atoms (created when antiprotons
stop in a helium target) consisting of
a helium nucleus together with an
antiproton and an orhital electron

suvive for some microseconds
before the antiproton falls into the
nucleus and annihilates.

This metastability was quite
centrary to expectations and is
apparently connected with the
presence of the electron; by shielding
the atom frgm the destructive effects
of collisions with normal helium
atoms in the target, the electron
gives it a kind of insurance cover. As
the antiproton’s principal (n) and
angular momentum (1) quantum
numbers are both about 40, its de
Broglie wavelength in the atom is
therefore some 40 times smaller than
that of the ground state electron. This
means that its atomic orbit is almost
classical, while that of the electron is
fully guantum-mechanical.

Were this hybrid characteristic the
only interesting feature of the
antiprotonic helium atom, it might
have remained nothing more than an
excessively rare item in the atomic
physicists' stamp collection. Much
more important is the fact that its
microsecond lifetime against
annihilation is long enough to permit
laser beams to be fired at it. Near
n=40, the antiproton energy level
spacing should be about 2 eV, or
about 600 nanometres; this was
confirmed in 1993 by the LEAR
group, who stimulated a quantum
jump between its (n, 1) = (39,35) and
{(38,34) levels with a 597.259(2) nm
laser pulse. The experimenters have
so far published some 250 journal
pages of results and demonstrated
ever-increasing accuracy in the laser
technigue. These measurements
cover both helium-4 and helium-3.

On the theoretical side, calculations
are now detailed enough to take into
account relativistic corrections to the
glectron’s motion, and give transition
wavelengths within a few parts per
million of the measured ones for all
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13 transitions now known. From
these developments, the antiproton’s
Rydberg constant - the fundamental
energy ‘ruler of its quantum
electrodynamics - can be deduced
with commensurate precision.

A final parting shot from LEAR was
the revelation of hyperfine structure
in the transition {n, ) = (37,35) to
{38,34) (see figure), arising from the
tiny interaction energy of the
electron’s spin with the angular
momentum of the antiproton.

What is happening here is familiar
from the history of the hydrogen
atom, which for at least a century has
had the status of a physical
benchmark. Antiprotonic helium is in
turn becoming the first laboratory
benchmark for the quantum
electrodynamics of the antiproton,
and therefore of the antiworld in
general. In this respect, it
complements the antihydrogen atom,
and is much easier to synthesize.

In 1 AD, ASACUSA therefore
expects to continue studying
antiprotonic helium atoms where its
predecessor collaboration at LEAR
left off, using microwave and optical
beams in triple resonance with the
atoms to make a precision
measurement of hyperfine spiitting.

In 2 AD, a decelerating Radio
Frequency Quadrupole (RFQ) will be
added to the AD beam to reduce the
antiproton energy from MeV to keV
values. This will permit the (n, )
distribution of the atems to be studied
at the instant of their birth, and allow
investigations of the atomic
interactions of antiprotons at
extremely low energies.

The year 3 AD should see the
further addition of a Penning trap
from which antiprotons at rest will be
reaccelerated to eV and keV
energies. The resulting
monochromatic ultra-low energy

10

After having completed its antiproton
programme, CERN's LEAR Low Energy
Antiproion Ring has been rechristened the
Low Energy lon Ring (LEIR). its job will be to
accumudating lead ions for CERN's LHC
collider.

(Photo CERN AC97.11.016)

beams will permit tighter control of
the conditions under which the
metastable atoms are formed. They
should also make it possible to study
protonium (proton-antiproton) atoms
in vacuum or near vacuum
conditions.

Protonium is easier to handle
theoretically than antiprotonic helium
and can readily be formed by
introducing antiprotons into hydrogen
targets. Unlike antiprotonic helium, it
has no electron, and therefore does
not possess fully comprehensive
collision insurance. However, in
vacuo, with no other vehicles in sight,
this should no longer be a hindrance
against the metastability necessary
for carrying out laser spectroscopy.

From LEAR to LEIR

ERN’s LEAR Low Energy

Antiproton Ring, which has now
completed its antiproton programme
{May 1997, page 1) has been
rechristened the Low Energy lon
Ring (LEIR) and has turned its
attention to accumulating lead ions
for CERN's LHC collider.

The current Electron Cyclotron
Resonance (ECR) sources, used in
conjunction with the Booster to
supply lead ions for the SPS
synchrotron, are fifty times too weak
to provide the beam intensity needed
for the LHC. LEIR has therefcre
stepped into the chain of injector
machines to boost ion levels. The
final scheme calls for LEIR batches
of up to 1.2 x 10% ions (four LHC
bunches) every 3.6 seconds.

For LHC ions, LEIR can take over
the role currently played by the
Booster, which in the LHC era can
then be dedicated to handling

CERN Courier, April 1998
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protons. The feasibility tests were
done last year using injection from
the ion Linac 3, which could be

pushed to a cycling rate of 2.5 Hz.

This rate allowed up to 7 x 10% ions to

be accumulated. The ions are fed
into the accumulator as a series of
pulses, each containing about 8 x 107
ions.

When ion pulses are transferred in
single-turn injection, only the fraction
of the Linac beam corresponding to
one turn in the circular machine is
captured. However, LEIR has
adopted a new combined transverse
and longitudinal multiturn injection
technigue which allowed to “catch”
up to 20 turns at each injection. This
injection technique exploits the ability
of the ring to contain a large spread
of circulating particle momenta in
addition to their transverse
oscillations.

In this scheme, the closed orbit is
deformed by a “bump” which is made
to change as the energy of the
injection linac is increased in such a
way that the resultant closed orbit for
the incoming particles remains (more
or less) fixed. In the usual transverse
multiturn injection, the linac energy is
constant and the bump shifts the
closed orbit, so the momentum
spread of the circulating beam
remains as small as that of the
incoming beam. Ramping the
momentum of the injected beam
creates room for more turns. Electron
cooling then “compresses” the pulse
and drags it to the stacking orbit in
the corner of the aperture, before a
new injection arrives (after 400 ms in
the tests).

Earlier runs in 1995 with lead ions
of charge state 53+ (53 of the 82
electrons stripped off} revealed an
anomalous fast loss with electron
cooling, due to ions recombining with
the cooling electrons. LEIR side-
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stepped the problem by switching to
lead 54+, which paradoxically does
much less recombine in this way.

High performance levels require a
good vacuum, and some
components that induce a large
pressure rise with the ion beam had
to be removed. Further improving the
vacuum is one way in which the
machine physicists hope to reach the
LHC specifications. They are also
looking at ways of speeding up the
electron cooling to make space for
incoming pulses more quickly, and
will eventually run the Linac at 10 Hz,
as opposed to the current 2.5 Hz.
Already half the required 1.2 x 10°
lead ions have been attained; the
experts are confident that the rest will
follow.

The LEIR electron cooling system
was originally part of CERN's Initial
Cooling Experiment (ICE) in 1977,
and is now being re-installed for a
new role on CERN's Antiproton
Decelerator.

Herbert Lengeler (feft) and Boris Prosin in front
of a superconducting radiofrequency beam
separator being prepared for transport from
CERN to the Institute for High Energy Physics
{(IHEP), Serpukhov (Protvina), near Moscow.
Built at Karlsruhe by a leam under Lengeler's
direction, the separator operated at CERN until
1980 before being mothballed.

CERN/SERPUKHOQV
Superconducting
separator emerges
from sleep

fter being mothballed for 18

years, in January a large
superconducting radiofrequency
beam separator was transported
from CERN to the Institute for High
Energy Physics (IHEP}, Serpukhov
(Protvino), near Moscow.

The separator, a pioneering
instrument in radiofrequency
superconductivity, was developed
and constructed from 1971-77 at the
Institute fir Kernphysik of the
Kernforschungszentrum Karlsruhe
under the leadership of Herbert
Lengeler from CERN.

From 1977 it was cperated in
conjunction with a 1.8K refrigerator
from British Oxygen in a counter
beam for the Omega spectrometer at
the SPS synchrotron.

The separator provided high

CERN Courier, April 1998
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intensity secondary beams of positive
and negative kaons, antiprotons,
positive pions and deuterons
between 3 and 37 GeV. Around
1980, detector response and the
limitation of proton intensities at the
SPS allowed experiments to handle
the range of interactions without prior
beam separation, and the detector
was put into vacuum storage.

Meanwhile the intensities at major
proton accelerators has been
boosted by another order of
magnitude and has raised again the
need for separated secondary
beams.

In 1997, other laboratories
expressed interest in acquiring the
superconducting separator stored at
CERN, and it was decided to transfer
the two superconducting deflectors
and their cryostats to IHEP
Serpukhov. After careful testing at
CERN with generous support from
the laboratory’s LHC, SL and ST
Divisions, they were prepared for
shipment to Russia using the support
systems used for the
superconducting cavities for CERN's
LEP electron-positron collider
(December 1997, page 8).

At IHEP, the separator will be
installed in a beamline providing
mare than 10° particles per extraction
cycle, suppressing unwanted
particles by a factor of a hundred. It
will be interesting to see how well the
separator performs after its long
sleep in vacuum.

Cryogenic tesf assembly for neutron frradiation
testing for LHC componenis.

CERN Courier, April 1998
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Neutron irradiation at
cryogenic
temperatures for the
LHC project

C ryogenic devices are frequently
encountered at high-energy

accelerators and are expected to
become even mere familiar in the
coming decade. A good example is
provided by CERN's LHC project, in
which the very high proton beam
energy calls for the use of high-field
magnets both in the accelerator and
in the detectors. In order to satisfy
technical and economical |
requirements, the high-field magnets
are superconducting coils operated
at liquid helium temperature. '
For the LHC, low temperatures are
hot reserved for the operation of
magnets. Because of the intrinsic

radiation hardness of noble liquids,
the ATLAS collaboration has decided
to use liquid argon calorimetry in a
region of the detector where the
radiation levels are high.

As well as creating strong levels of
radiation in the detectors, the high
luminosity gf the LHC collider (10%
per sq cm per s} will also give rise to
high radiation levels in the machine,
whose effects on the performance
and ageing of instrumentation need
to be seriously tested.

For this, a neutron irradiation station
was built and operated over the past
few years at the SARA heavy ion
facility in Grenoble by a collaboration
of three laboratories: ISN Grenoble,
IPN Orsay and LAL Orsay. It consists
of a cylindrical cryostat which can
contain up to 10 litres of liquid argon
{87.6 K) or liquid helium in a normal
or superfluid state (1.8 - 4.2 K}.

A thick beryllium target, in whicha 5
microamp deuteron beam of 20 MeV
is stopped, is installed in front of the
cryostat. The beryllium-9/deuteron
reaction, producing boron-10 plus a
neutron, has been known for years in
neutron therapy or nuclear fusion
research to be extremely effective in
producing high intensity neutron
beams. At SARA, neutron fluences of
2 x 10" per sq cm may be attained in
one day of operation over an
exposed sample area of 25 cm?.

Among the numerous topics studied
so far, two specific irradiation
questions have received special
attention, as SARA is presently the
only site in the world whetre they can
be experimentally investigated.
These are: the stability and ageing of
the LHC magnet thermometers; and
the pollution of liquid argon under
neutron radiation of the polymeric
components of the ATLAS
calorimeter.

Simulations have shown that in the
electromagnetic barrel calorimeter,

13
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fast neutron fluxes up to 10" per sq
cm will be obtained in 10 years of
operation at full luminasity. Under
fast neutron irradiation, some parts of
the calorimeter, especially those
made of polymers, could undergo
radiolysis and release undesirable
elements, compounds or radicals
which represent a potential pollution
danger.

if, for example, oxygen were
released in the liquid argon with a
concentration of 10 ppm, the
calorimeter signal could be reduced
by 10% by capture of electrons in the
argon gaps. To investigate this, a
purity monitor with an americium-241
alpha source mounted in a liquid
argon ionization cell was installed in

the irradiation cryostat. Each alpha
particle creates a known number of
drifting electrons in the liquid which
may get captured if pollution devel-
ops during the irradiation. A decrease
of the collected electron charge
before, during and after the irradia-
tion is the external signature of liquid
pollution.

Eight different polymer-containing
materials have been tested so far.
To amplify the phenomenon, and to
prove the correct operation of the
purity monitor, some tests used
proportions much higher than ex-
pected for the final calorimeter.

An example is given in Figure 1.
Here, the pre-impregnated foils used
for gluing the electromagnetic
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Figure 1: Testing detector components under
high radiation conditions: Alpha particle charge
attenuation as a function of time when
irradiating pre-impregnated foils in liquid argon
with a material-to-liquid proportion enhanced
by 22. The open and the full circles correspond
to different high voltage values applied to the
ionization chamber. The impurity causing the
signal attenuation seems to remain in the
cryostat even after part of the liquid has
evaporated.

presampler modules were tested with
a material-to-liquid propartion en-
hanced by a factor of 22 with respect
to the final ATLAS calorimeter. The
pollution following irradiation is
clearly visible.

Further tests have shown that
pollution is proportional to the
quantity of material in the cryostat.
When properly counting the
contributions of all tested materials,
the total calorimeter signal
attenuation expected after 10 years
of operation, without any
replacement or any purification of the
liquid, remains lower than a very
satisfactory 1.5%.

The LHC accelerator will need a
large number of superconducting
coils operating in superfluid helium at
a temperature ranging from 1.8 to
1.9K which will be monitored with a
precision of 5mK. To meet this chal-
lenge, nearly 10000 temperature
sensors (thermoresistors) will be
installed at different critical points of
the superconducting magnets where
the proton beam losses could induce
high radiation doses: 102 -102 Gy for
10 years of operation. In the beam
interaction sections, these radiation
doses could even be ten times higher.

Adopting a safety margin of 2, it
was decided to test the candidate
sensors at a neutron fluence of 10"
per sq cm (corresponding to 2 x 10°
Gy).

Four irradiation experiments were
performed in 1997 and another
campaign of the same type will be
conducted this year. In each
experiment, about 50 sensors of
different types {carbon resistors, thin
film oxide resistors, pure metal or
alloy resistors in wires or thin films)

Figure 2: Testing accelerator components
under high radiation conditions. Rhfa thin film
thermometer resistance measured during
neutron irradiation at 1.8 K. The sensor shift is
18 mK for 7 x 10" neutrons per sq cm

CERN Courier, April 1998
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are irradiated. The evolution of their
resistances is measured on line and
compared to accurate temperature
references provided by vapour
pressure bulbs in the range of 1.8 10
4.2K. Moreover, different
temperature and annealing cycles
are performed to study the influence
of the operating cryogenic conditions.

The resistance evolution of a typical
sensor as a function of the neutron
fluence is presented in Figure 2.
These experiments showed that each
sensor family, when irradiated,
evolves with a typical behaviour.
Based on these results and the data
to come in 1998, a comparative study
will select the final temperature
probes for the LHC superconducting
coils and cryogenic equipment.

Since SARA will cease activities this
year, the extension of this programme
for the years 1999-2000 at another
site in western Europe is presently
under examination. For tests of liquid
argon calorimeter components, a
second site will sbon be operational
in Russia at Dubna by the IBR-2
reactor. With fluxes which may attain
10'® neutrons per sq cm in a few days
of exposure, this offers the possibility
of tackling the question of a pollution
in the ATLAS endcap caleorimeters (in
particular in the very forward section)
where expected radiation levels may
be a hundred times higher than in the
central barrel section.

By. B. Merkef (Orsay)

DUBNA
Honours

he Joint institute for Nuclear

Research (JINR), Dubna, near
Moscow, is honouring two of its
distinguished senior scientists.
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Venedikt P. Dzhelepov - 85

On 12 April Venedikt P. Dzhelepov
celebrates his 85th birthday. Among
the major founders of the Institute of
Nuclear Problems of the USSR
Academy of Sciences (1949} and
later of JINR (1958), he was Director
of JINR's Laboratory of Nuclear
Problems from 1956-88 and has
been its honorary director since
1989.

Before coming to Dubna, he was
involved in uranium work at V.
Kurchatov's institute. Milestones in
his scientific career of more than 60
years include the construction of the
then (1949) world’s largest 680 MeV
proton synchrocyclotron, later (1984)
upgraded to a high-current phasotron
with a spirally varying magnetic field
allowing a 20-fold increase of
extracted 680 MeV proton intensity.

His experimental researches of
nucleon-nucleon and pion-nucleon
interactions, nuclear capture of
negative muens by protons in
gaseous hydrogen, negative pion
electron decay, pien production of
normal and strange neutral particles,

Dinitei V. Shirkov - 70

hypercharge-exchange reactions and
other processes at the accelerators
of JINR and IHEP (Protvino) together
made a substantial contribution to
particle and nuclear physics.

V.P. Dzhelepov is also known for
his work on high-current accelerator
complexes in the range 0.8 - 1.5 GeV
based on isochronous cyclotrons. It
was under his supervision that
Russia’s first clinico-physical
complex was constructed at the
synchrocyclotron of the Laboratory of
Nuclear Problems for proton
treatment of cancer and for
radiobiological investigations for
space medicine.

He is a corresponding member of
the Russian Academy of Sciences,
for many decades one of the leaders
of the Nuclear Physics Division of the
Russian Academy of Sciences, and a
winner of the State Prizes of Russia
and of the |.V.Kurchatov Gold Medal
of the Russian Academy of Sciences.
As a member of IUPAP
commissions, ICFA, and editorial
boards of highly authoritative scien-
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tific journats he has made a substan-
tial contribution to development of
international scientific cooperation.

3 March marked the 70th birthday of
Dmitri V. Shirkov. The first years of
his scientific career were devoted to
nuclear reactors, neutron diffusion
and moderation. in the mid 50s he
began working with N.N. Bogoliubov
in quantum field theory, making a
fundamental contribution to the
axiomatic formulation of perturbation
theory for the scattering matrix and to
the establishment of the
renormalization group. These resulis
became a part of their famous
monograph “Introduction to the
Theory of Quantized Fields” first
published in 1957 and later trans-
lated into English and French.

In the late 50s D.V. Shirkov sug-
gested a method of taking the Cou-
lomb effect into account in the
microscapic theory of
superconductivity. In 1960 he moved
to Novosibirsk to found the
Theoretical Physics Department of
the Mathematical Institute and the
chair of Theoretical Physics at
Novosibirsk University. He and his
colleagues elaborated dispersion
theories of strang interactions at low
energy. In 1970/71 he lectured at
Lund as Nobel guest professor.

He returned to JINR in 1971 and
continued his research into the
application of the renarmalization
group and formulated the hypothesis
of finite renormalization. He initiated
a weli-known series of Dubna papers
on multi-loop calculations in QCD
and elaborated the method of sum-

ming the asymptotic series which
was effectively used in critical phe-
nomena.

He also developed general methods
for renormalization group
transformations in various fields of
physics and introduced a notion of
functional self-similarity generalizing
the scaling faws. From 1993-97 he
was Director of the Bogoliubov
Laboratory of Theoretical Physics.

He devoted much effort to the
training of young scientists, for more
than a quarter of a century teaching
first at Novosibirsk and then Moscow
State University. He is a member of
the Russian Academy of Sciences,
the Physiographic Society of Lund
{Sweden) and the Saxon Academy of
Science in Leipzig (Germany).

Physics monitor

The physics window at
LEP

ver the next two years or so,

CERN's LEP electron-positron
collider will take data at energies up
to about 10% larger than those
achieved so far, and take several
times more data than the currently
accumulated amounts at energies
above the Z. While those increases
may seem to be opening the window
onto new physics only a little, our
present understanding of the physics
opportunities suggests it is a window
with a great view.

CERN Courier, Aprit 1998

How can we judge the value of
small increases in energy or
luminosity (the luminosity is a
measure of the number of collisions
per second)? To make a discovery
from an increase in energy it iIs
necessary that the new particle(s) or
interaction(s) occur just in the small
region of the increase. Similarly,
there is a luminosity threshold where
one goes from too few events to be
seen to a possible observable signal.

One way to judge whether we are
entering such a region is to take a
model of the new physics that
incorporates the successful physics
of the Standard Model, that includes
the known motivations for possible

new physics, and does not predict
any phenomena that are inconsistent
with existing data. Then we ask if the
model suggests there will be new
physics in the region accessible to
LEP.

Luckily we have such a model, one
which adds a new symmetry called
“supersymmetry” to those we already
know. All particles have a property
called spin. Some (photons, Z, etc.)
have spin that is an integer multiple
of a basic unit; they are called
bosons. The others (electrons,
quarks, etc.} have spin that is a half-
integer multiple and are called
fermions. Under the rules of quantum
theory basons and fermions behave
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very differently. Supersymmetry is
the hypothesis that the fundamental
theory incorpeorates bosons and
fermicns equally.

Since the Standard Model does not
treat them similarly, supersymmetry
predicts new particles should exist. In
the following we will use
supersymmetry as a guide to
evaluate the promise of LEP. There
are good reasons to be optimistic
that nature will indeed have this new
symmelry, so0 that its implications will
be meaningful; if not, perhaps the
right answer will share implications
with this model. One successful
prediction of supersymmetry was that
all of its effects on Standard Model
observables must occur only through
virtual particles, so the effects must
be less than a per cent, similar to the
effects of the top quark, as LEP
indeed found (see the article of
Daniel Treille in the April 1995 issue,
page 10).

Supersymmetry not only predicts
new particles, it offers an explanation
of why Higgs bosons should exist,
and most importantly, why the Higgs
hoson is likely to be light enough to
be detected at LEP. (In order to
incorporate a description of the mass
of particles into the Standard Model it
was necessary to postulate the
existence of a new field, the "Higgs”
field, analogous to the

A possible spectrum of superpartners and a
Higgs particle. Although none of these have
yet been observed, some could be in forth-
coming runs at CERN's LEP electron-positron
coltider. The N. are the ‘neutralinos’, states of
definite mass formed from the superpariners of
the neutral carrier particles (photon, Z,...). The
¢, are the equivalent ‘charginos’, superpartners
of the W. v, is probably lighter than C for this
spectrum. The ‘squark’ and ‘giuino’ states are
not shown as they are less relevant for LEP.
The ‘stop’ superpartner of the top guark could
also be in this mass region. The Z and top
quark are shown for comparison.
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electromagnetic field. Interactions
with the Higgs field then led to mass.
Just as the photon is the quantum of
the electromagnetic field, the Higgs
boson is the quantum of the Higgs
field. The existence of the Higgs
boson is the test of the correctness of
this approach.)

The logic proceeds as follows. The
Standard Model of particle physics,
the theory of quarks and leptons
interacting via the exchange of
“gauge bosons” (the photon, gluons,
W and Z), describes phenomena well
on the scale of collider energies.
Alternatively we can think of distance
or size scales from distances smaller
than a proton (about 10" cm down to
about 10-'® cm) the Standard Model
works well. In physics it is very
useful to think in terms of “effective
theories”. For example, the physics
of the atom is an effective theory.
Given the properties of electrons and
of nuclei one can study and
understand the properties of atoms.
We do not need to understand

whether there are quarks in a proton,
or the structure of nuclei, or the arigin
of the electron’s mass, to understand
atoms.

The Standard Model can be thought
of as an effective theory, but it is not
a complete effective theory,
surprisingly, because the mass of the
Higgs boson Mmust be within a few
times the mass of the Z for the theory
to be consistent, but if there are any
scales in nature that are much larger
than this the Higgs boson mass is
unstable and will exceed the
consistency limit.

There are at least two strong
indications for such larger mass
scales. One is the Planck scale, first
studied by Max Planck a century ago,
the scale formed by taking Flanck’s
constant (h), Einstein’s speed of light
{¢), and Newton’s force constant (G)
and constructing from them a mass
scale. That scale turns out to be
large, near where gravitational forces
are about the same strength as the
other forces. Equivalently one can
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Physics monitor

think of the Planck distance, about
10 cm. The second is the apparent
unification of the strong, weak, and
electromagnetic forces of the
Standard Model. If the two-century-
old hope to simplify our
understanding of the forces could
work, then they must have the same
strength in some sense.

Starting from the LEP
measurements of the force strengths,
and using quantum theory to
extrapolate them to smaller
distances, it has been found that the
strengths could be the same at
distances near the Planck distance.
Although supersymmetry was not
invented to make an effective theory
that could be consistent with joining
such higher mass scales with the
Standard Model, it turned out to allow
that problem to be solved. There is
an associated prediction: the
symmetry requires a doubling of the
number of particles, one very
analogous to the doubling when
antiparticles were introduced by
Dirac about 70 years ago.

If the supersymmetric Standard
Model is to be a consistent effective
theory, the new particles
(“superpartners”) must be near the
Standard Model particles in mass,
with masses not much larger than
those of the W and Z which have
been studied at LEP,
Supersymmetry has additional
attractive features and consistency
requirements that reinforce the idea
that the new particles will be in this
mass region. More specifically, the
arguments suggest that the
superpariners of W, the photon, and
the Higgs boson are likely to have
masses accessible at LEP. They
should be heavy enough that few, if
any, have been produced so far, but
some should be produced in the next
two LEP runs. It is not a theorem -
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supersymmetry is not excluded from
being true if they are not found at
LEP, but there is a suggestion that
we understand supersymmetry less
well than we think if they are not
found.

There are also arguments that the
superpartner of the top quark is likely
to be light enough to be found at
LEP, though they are not as strong
as the arguments for the partners of
the W, the photon, and the Higgs.
The actual particles detected should
be quantum mechanical mixtures of
those mentioned above that have
definite mass rather than definite
symmetry properties. They are called
“neutralinos” and “charginos”.

Even better, supersymmetry
suggests that the Higgs boson itself
should be observable at LEP:In a
supersymmetric world there are very
general arguments that the mass of
the Higgs boson should be less than
about twice the W mass, but that is
still too large for LEP, which will be
sensitive up to at most about 5/4 the
W mass. But when detailed
supersymmetric models incorporating
as much information as possible are
made, they usually lead to Higgs
boson masses that are within the
range of LEP. Again, itis not a
theorem, but it is what comes out of
the best present analyses.

Basically, in supersymmetry the
mass of the Higgs boson is
calculable, but the value depends on
some parameters of the theory that
are not yet themselves calculable or
measured. Using constraints from
other information and good
assumptions implies the Higgs boson
should be observed at LEP.

ldeally a few superpartners and a
Higgs boson will be found at LEP.
However the most important result
will of course be the basic discovery
of the new physics. We will have

landed on the shore of a new world
to be explored. Even though only
tens of events of each can be
collected, it is possible to deduce
significant infarmation from limited
data when they fit into a theory. Then
more information will be obtained
from the Fermilab collider when it
takes data after its luminosity
upgrade, in about two years, and
then from CERN’s LHC.

Fermilab and LHC provide rather
complementary infarmation, being
mainly sensitive to different
superpartners. The ILHC will be a
superpartner and Higgs boson
factory. A higher energy lepton
collider with polarized beams will
probably also be necessary to learn
what is needed to fully understand
the structure of the supersymmetric
theory.

Sometimes pecple suggest that
what is most likely to emerge from
higher energy or intensity facilities is
a surprise, as happened so cften in
the past before the establishment of
the Standard Model. Because the
Standard Model is a full guantum
field theory that is now well
established and tested
experimentally, it allows us to
formulate questions and to think
through expectations in new ways
that were not possible historically
before the Standard Model. Based
on that thinking, it is now fair to say
that the discovery of superpartners
and a Higgs boscn have in a sense
become the default. For many
workers in the field, it would be more
surprising if they were not found at
LEP than if they were.

by Gordon Kane, Randall Lab of
Physics, University of Michigan
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Synthetic Higgs. Simulation of what the CMS
delector at CERN's LHC proton coflider might
see from 2005. This shows a Higgs decaying
imo (left) two sprays (jets’) of hadrons
{strongly interacting particies), and (right} two
electrons, together with a few accessory
particles.

LHC physics vision

hen CERN'’s LHC collider

begins operation in 2005, it will
open a wide new window on physics.
However the view is expected to be
s0 panoramic that the physics
community is already busy getting its
vision tested so as to be able to
appreciate every detail of the view
when the curtain goes up.

Thus to review current knowledge
and to organize and stimulate further
theoretical studies, a week-long
Woaorkshop on “The Theory of LHC
Processes” was held at CERN from 9
- 13 February, organized and
sponsored by CERN’s Theory
Division.

Strong encouragement for the
Workshop had come from the large
physics community which has much
to gain by maintaining active physics
discussion during the long years of
LHC machine and detector
construction.-The LHC Committee
warmly endorsed the initiative and
prompted collaboration from the
experimental groups.

The Theory Division arganizes a
few Workshops every year on
specialized topics, and in this
framework the idea of a Workshop an
theoretical aspects of LHC physics
was enthusiastically adopted.

The response was impressive, with
some 120 participants from outside
CERN, conspicuocus among them
being some 20 distinguished visitors
from the United States, many
contributing invited talks.

The first day focused on input from
experiments. Joey Huston (Michigan
State} summarized the experiments
at Fermilab’s Tevatron which will be
active before the LHC startup. After
this appetizer, the main course of
theoretical demands from the LHC's
ATLAS, CMS and LHC-B
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experiments were a natural focus of
attention, with presentations by
Daniel Froidevaux, Daniel Denegri
and Tatsuya Nakada. (The heavy ion
part of the LHC programme will be
covered at a more specialized
meeting.)

James Stirling of Burham {UK)
presented a comprehensive review
on quark/gluon structure functions in
connection with the LHC programme,
and this discussion continued on
Tuesday morning. The afternoon
session was devoted to review talks
on jets by Walter Giele (Fermilab), on
W and Z Production by Keith Ellis
(Fermilab) and on QCD in Dense
Matter by Yuri Dokshitser (Milan}.

The Wednesday session opened
with a thorough overview of the
status of theoretical calculations on
the production of Higgs and
supersymmetric particles by Michael
Spira (DESY}, followed by shorter
presentations on special topics on
Higgs production and detection.
Supersymmetry (SUSY) is high on
the LHC agenda, and in the
afternoon came three review talks:
the Minimal Supersymmetric
Standard Model by Howard Baer
(Florida State), on more general
approaches by Gordon Kane
{Michigan) and on gauge mediated
SUSY models by Sandro
Ambrosanioc (PESY). An open
discussion on SUSY searches at the
LHC was chaired by Howard Haber
{Santa Cruz).

Supersymmetry searches continued
into Thursday morning with a number
of specialized contributions, while in
the afterncon it was the turn of heavy
flavour physics to come under the
spotlight. Yossi Nir (Weizmann)
presented the projected status of B
physics at the startup of LHC, after
the commissioning of the new
generation of B factories;
Michelangelo Mangano (CERN)
discussed the production properties
of heavy quarks, and finally Scott
Willenbrock (lllinois) presented a very
complete overview on top quark
physics at the LHC.

With simulation an increasingly
important aspect of experimental
work, an informal discussion on
event generators and analytical
calculations and their implications for
experimental simulation, led by
Mangano, began the last day. A
session on short contributions on
physics beyond the Standard Mode|
followed. Finally, the final afternoon
session was devoted to event
generators with a comprehensive
introduction by Brian Webber
{Cambridge) and more specific
presentations by Torbjorn Sjostrand
{CERN) and Michael Seymour
{Rutherford Appleton).

Despite the remoteness of the year
2005, the LHC physics Workshop
was very positive and similar
meetings are foreseen to keep the
flame of LHC physics burning
brightly.
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The Story of Spin, by Sin-itiro
Tomonaga, translated by Takeshi
Oka, University of Chicago Press,
ISBN 0 226 80793 2, $50

Spin has always been a physics
enigma. Emerging ghostlike from the
fog of atomic spectroscopy in the
early 20th century, it found its
explanation (‘acrobatically’, according
to Pauli) in Dirac’s monumental
formulation of relativistic quantum
mechanics.

However even the name ‘spin’ is a
misnomer. As Landau and Lifshitz
point out in their standard quantum
mechanics textbook - ‘this property of
elementary particles is peculiar to
quantum theory and therefore has in
principle no classical interpretation. It
would be wholly meaningless to
imagine the “intrinsic” angular
momentum of an elementary particle
as being the result of rotation around
its own axis.’

To compound the spin enigma, the
deceptively simple relation between
spin and quantum statistics which
emerges from the intricacies of
relativistic quantum mechanics still
awaits a simple explanation.

This delightful book, originally
published in Japanese in 1974
{Tomonaga died in 1979), is, with
some justification, claimed to be the
most complete and accessible
treatment of spin. Presented as a
series of lectures, it begins with the
efforts of Sommerfeld, Landé and
Pauli to disentangle the details of
atomic spectroscopy, and goes on to
cover the emergence of the quantum
mechanical explanation of electron
spin, first by Pauli and then by Dirac,
the discovery of proton spin, the
reiation between spin and quantum
statistics, and the emergence of
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isopin in nuclear physics. Lovingly
translated, the incisive formalism is
interspersed with anecdotes, and the
book’s evocative final chapter
abandons formalism to survey
Japanese physics from 1925-40,
where the figure of Yukawa lcoms
large.

Tomonaga's personality is evident
despite the physics rigour. A
classmate of Yukawa at Kyoto, he
settled at Tokyo after initial spells at
the RIKEN research centre and two
years with Heisenberg at Leipzig. In
1947 he independently developed a
maodern form of quantum
electrodynamics in complete
ignorance of the measurement of the
Lamb shift which stimulated
Schwinger and Feynman in the US.
For their quantum electrodynamics
work, Feynman, Schwinger and
Tomonaga shared the 1965 Nobel
prize.

As the book originally appeared
some time ago, there is nothing on
quark/gluon spins and the hew
enigma of how constituents carry the
spin of the proton. Spin continues to
be enigmatic.

Homage to Tomonaga. l.ast year was the 50ih
anniversary of the renormalization procedure
which opened the route to modern quantum
electrodynamics and led fo the 1965 Nobel
prize for Richard Feynman, Julian Schwinger
and Sin-ltiro Tomonaga for their independent
contributions. in Japan this anniversary was
marked by a special meeling at the Tanashi
branch of the KEK Laboratory (formerly Tokyo
University Institute for Nuclear Study), where
the speakers inciuded Tomonaga collaborators
Gyo Takeda (feft) and Daisuke Ito. Tomonaga,
who died in 1979, proposed his new approach
o electrodynamics during his regular Friday
Tokyo seminars.

Paul Dirac: The Man and his Work,
by Abraham Pais, Maurice Jacob,
David I. Olive and Michael F. Atiyah,
edited by Peter Goddard, Cambridge
University Press, ISBN 0 521 58382
9 (hbk £12.95/$19.950

On 13 November 1995, a plague in
London’s Westminster Abbey was
dedicated to the memory of Paul
Dirac. This slim (120-page) volume
contains four lectures on Dirac’s life
and work given at London’s Royal
Society prior to the ceremonies in the
Abbey, together with an introduction
by Stephen Hawking.

Despite his legendary taciturnity
and reticence, Dirac was an avid
traveller and a frequent visitor to
scientific meetings, drawing on this
contact, Pais summarizes Dirac’s
personal qualities and their impact on
his approach to physics. Maurice
Jacob of CERN describes Dirac’s
classic work on antimatter and its
implications for modern physics and
cosmology.

One of Dirac’s special
preoccupations was magnetic
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monopoles. Although this work was
not initially fruitful, magnetic
monopoles now play a special role in
revolutionary new physics thinking,
as described by Clive, a pioneer of
this new approach. Ativah displays
the significance of the Dirac equation
in modern geometry, again touching
on the new developments.

Edwin Hubble - Mariner of the
Nebulae, by Gale E. Christianson,
Institute of Physics Publishing, ¢
7503 0423 5

In the 1920s, Edwin Hubble used the
mighty 100-inch telescope on Mount
Wilson to spearhead another
Copernican revolution, showing that
the visible Universe is much larger
than the Milky Way, and that distant
galaxies recede with velocities
proportional to their remoteness - the
‘Hubble expansion’. Hubble’s
multifarious talents as a sportsman,
soldier and lawyer have over the
years been embellished by fertile
imaginations. Christianson’s book,
using hitherto untapped sources,
rounds out the story of Hubble the
man and burnishes the legend.

Books received

People and
things

Group Theory in Subnuclear Physics,
by Fl. Stancu, Oxford Science
Publications, 0 19 851742 4 (£75)

First collisions in DAFNE

Elements of Group theory;
permutation, Lie, orthogonal, Lorentz
and unitary groups, gauge groups,
and quark applications.

Mathematical Methods for Physics
and Engineering, by K.F. Riley, M.P.
Hobson and 5.J. Berice, Cambridge

University Press, 0 521 55506 X (hbk

£59/$110) 0 521 55529 9 (pbk
£17.95/$49.95)

A 1,000-page volume with worked
examples and exercises
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UK Minister of Science, Energy and Indusiry
John Baitle (left) with Aleph experiment
spokesman Peter Dornan of London’s imperial
College aft CERN on 23 February.

Very soon after the completion of
construction of the DAFNE electron-
positron collider at the INFN National
Laboratory in Frascati and infection
of its first electrons (December 1997
page 12), comes the first single
bunch electron-positron collisions
with luminosities of the order of a few
times 1078 per sq cm per s, which is
already ten times that achieved at the
same energy with Frascati’s pioneer
ADONE ring. In these early colli-
sions, the DAFNE beam current was
a few milliamps - more than 40
milliamps have been achieved with
single beams. DAFNE has a design
luminosity of 5 x 107 at the phi
resonance (1.02 GeV).
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Scientists and representatives from the
German Federal Ministry of Education,
Science, Research and Technology (BMBF)
attended a coiloquium to mark the retirement
of distinguished DESY scientist Paul 56ding
(centre), Head of DESY’s branch institute in
Zeuthen, Brandenburg {(Berlin). Among them
were DESY Director Bjarn Wik (left) and
CERN Council President Hans Eschelbacher
(right}.

(Photc Petra Folkeris)

On people

Hermann Grunder, Director of the
Jefferson Laboratory, Newporf News,
Virginia, {formerly known as the
Continuous Electron Beam
Accelerator Facility - CEBAF) has
been named 1998 Outstanding
Scientist in the state of Virginia.

Paul Séding retires

Distinguished scientist Paul Séding,
Head of DESY’s branch institute in
Zeuthen, Brandenburg (Beriin), and
professor of experimental physics at
Hamburg and at Humboldt
Universily, Berlin, retired on 1 March.
As a long-standing DESY Research
Director and as a scientist, Séding
has contributed significantly both to
physics and to science
administration.

Born in 1933 in Dresden, Séding
studied at Hamburg and Munich.
When high energy physics research
was intiated in Hamburg, he joined
pioneer bubble chamber experiments.
After several periods at CERN,
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Berkeley and Cornell, he became a
Leading Scientist at DESY.

With the advent of the PETRA
electron-positron accelerator, Séding
played a key role in the construction
and exploitation of the TASSO
detector, where the first direct
evidence for gluons was seen in
1979. For this historic discovery, he
was one of the four 1995 recipients
of the European Physical Sociely's
prestigious High Energy and Pariicle
Physics Prize.

As DESY Research Director from
1982 - 91, Sdding led preparations
for and construction of the HERA
electron-proton storage ring and its
colfision experirnents H1 and ZEUS,
surmounting many obstacles.

When the former Institute for High
Energy Physics of the East German
Academy of Sciences in Zeuthen
became a branch institute of DESY in
1992, he played an important role in
its integration into DESY. An
independent programme of
elementary particle physics is now
carried out in Zeuthen in close
collaboration with DESY, CERN and
other research institutes in Germany
and further afield.

Ulrich Gensch (53), a leading

scientist at Zeuthen since 1972,
takes over as the institute’s director.
Until 1987, he worked at Serpukhov
and Dubna and at CERN. In 1987 he
became a member of the Zeuthen
group which joined the international
H1 collaboration. He has been a
member of the DESY Directorate
since 1995, responsible for the
Central Technical Research and
Computing department.

Gertrude Scharff Goldhaber 1911 - 98

Gertrude Scharff Goldhaber, eminent
physicist and wife of former
Brookhaven Director Maurice
Goldhaber, died on 2 February.

She began her physics career in
1935 in antiferromagnetism with a
PhD from Munich, moving on to
London’s Imperial College, Hinois
and Brockhaven. As well as pioneer
work on beta decay and nuclear
fission, her contributions also
spanned neutron and nuclear phys-
ics. She was a fellow of the American
Physical Society, the US National
Academy of Sciences and the Ameri-
can Association for the Advancement
in Science. At Brookhaven, she
promoted scientific awareness and
was a founding member of the active
Brookhaven Women in Science
organization.

Richard Slansky (1940-98)

Richard Slansky, Director of the
Theoretical Division of Los Alamos
National Laboratory, died on 16
January following a brain aneurysm.
Initial studies at Harvard and
Berkeley were followed by a
postdoctoral fellowship at Caltech
and five years at Yale. Slansky came
fo Los Alamos in 1974 to join the
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Richard Slansky {1940-98)

newly-formed elementary particle
physics theory group set up by Peter
Carruthers (who died last year). He
worked on the phenomenology of
particle production and moved on fo
the symmetries and problems of the
unification of the forces of nature,
including neutrino masses. In 1989
he was named division leader.

A fellow of the American Physical
Society and the American Associa-
tion for the Advancement of Science,
he was also an adjunct professor of
physics at UC Irvine. Dick was a
great believer in the quality of sci-
ence and worked hard to build a
strong workforce in his division
through a consistent series of out-
standing postdoctoral and
QOppenheimer fellowship appoint-
ments. His dedication tc and deep
interest in fundamental scientific
questions was characterized by a
boyish sense of enthusiasm and
wonderment about science. He also
strived to improve communication
and colfaboration that cut across
scientific boundaries. He was also a
regular visitor to CERN’s Theory
Division.

Chinese Deputy Prime Minister Li Lanqging
(right} with eminent physicist Sam Ting during
a visit to CERN on 4 February. The party
included 60 Chinese dignitaries including 10
ministers.
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XV International Conference on
High Energy Accelerators

The Joint Institute for Nuclear
Research (JINR), Dubna, near
Moscow, wilf host the 17th
International Conference on High
Energy Accelerators - HEACC'98.
These conferences are held every
three years and fraditionally involve
about 600 specialists. The
Conference will be held in Dubna,
Moscow Region, Russia, on 7-12
September. It is supported by the
Russian Academy of Sciences and
the International Committee for
Future Accelerators (ICFA). The
scientific programme includes invited
reports, mini-rapporteur talks and
poster contributions. Leading
specialists from major accelerator
centres will present status reporis.
The programme will also include
round-table discussions on the
current status of accelerator science.
An industrial exhibition will attract
firrns and specialists in the fields of
accelerator, vacuum, cryogenic and
high-frequency technologies.
Measuring and control instruments
as well as power supplies will also be
exhibited. The social programme will
include excursions to Sergiev Posad
{former Zagorsk) and Moscow, as
well as concerts by Dubna artistic

Bob Jaffe was one of the lecturers at a recent
meeting ‘Deep Inalastic Scattering off
Folarized Targets - Theory meets Experiment’
held at DESY-Zeuthen.

groups and professionals from
Moscow. Deiailed conference
information via http://www. jinr.ru/
HEACC'98/ or contact the
organizers fax (+7 09621) 65767 or
phone (+7 09621) 65136

SLAC Summer Institute

The XXVI SLAC Summer Institute on
Particle Physics will be on ‘Gravity -
From the Hubble Length 1o the
Planck Length’ and will be held from
August 3-14 at the Stanford Linear
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Accelerator Center, Stanford,
California.

The Institute will consist of a seven-
day school followed by a three-day
fopical conference and is designed
primarily, but not exclusively, for
postdoctoral experimentalists and
theorists. Advanced graduate
students are welcome.

Further Information - Lilian
DePorcel, Conference Coordinator,
SLAC, PO Box 4349, MS 62,
Stanford, CA 84309, U.S.A. Phone:
(650) 826-2710. Fax: {650) 826-
3587. Electronic Mail:
ssi@slac.stanford.edu.

http.//www.slac.stanford.edu/gen/
meeting/ssi/next/

DESY Theory Workshop

The next DESY Theory Workshop
will be on "Directions beyond the
Standard Model” and will be held at
DESY from 30 Septemberto 2
October. The Chairman is Hans-
Peter Nilles of Bonn, e-mail:
bsm98 @ physik.uni-bonn.de It will
cover theoretical ideas such as
supersymmetry, baryon and lepfon
number violation, dynamical
symmetry breaking elc. with

Hi-phi: Raw data from the CMD-2 detecior at
Novosibirsk’'s VEPP-2M electron-positron
collider, showing events with two charged
tracks and an arbitrary number of photons
selected at the enhergy corresponding to the
phi () meson at 10" MeV. The vertical axis is
the total momenium of two tracks in MeV,
while the horizontal axis gives the angle
between the fracks, with the x=0 line corre-
sponding to coflinear events. The grouping of
events around 500 MeV comes from electron-
positron, muon and pion pairs. The cluster near
100 MeV Is due fo charged kaon pairs. The ring
is due fo neutral kacn pairs, with the {short-
fived) kaon decaying into two pions. The cone
below 500 MeV is due to events producing an
electron-positron pair and a gamma.
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Kiaus Winfer (centre) receives the prestigious
1997 Bruno Pontecorvo Prize of the Joint
Institute for Nuclear Research (JINR), Dubna,
near Moscow. He is flanked by JINR Director
Viadimir Kadyshevsky {right} and Venedikt
Dzhelepov, Honorary Director of JINR's
Laboratory of Nuclear Problems,
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using Hoechst superconductors

Our proprictary Melt Cast Process
(MCP) for producing BSCCO 2212
bulk material permits the manu-
facture of a wide variety of shapes.
[t also allows the integration of
low resistance silver contacts and
casy mechamical processing,

HTS current leads based on
MCP BSCCO rods and tubes
from Hoechst are the first applica-
tion of ceramic superconductors
m electrical power engineering

knowledge

|

www.frethofer.ch

Universititsirasse 11
Postfach, 8033 Zirich
Tel. 01/363 42 88, Fax 01/261 53 92

cvberc@ve

Predigerplatr 24
Postfach, 8033 Zurich
Tel. G1/261 08 21, Fax 017261 08 22
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with currents up to 10.000A.

A reduction of the heat load to
the 4K level by more than a factor
of 10 was achieved. This results

in a significant reduction of the
refrigeration costs and allows new
innovative cooling concepts.

Parts of up to 400 mm in
length or diameter can also be
used in applications in the field
of magnctic shiclding, current
limiters or others.

If you are interested in further
information, please contact:

THocechst AG

attn. Dr. 8. Gauss,

Corporate Rescarch

& Technology, H4SL
1D-63926 Frankfurt, Germany
Tel: (+49) 69-305- 1 66 54
Fax: (+49) 69-305-1 64 36
E-mail: hts@crt.hocchst.com

Hoechst .

. Wires

- NBTi/Cu

- NBTi/ CuNi/Cu
- NbTi/ CuNi

- NbySn

. Cables

conduciors

. Aluminium jacketed

GEC ALSTHOM

A commitment to excellence
in applied superconductivity

For . MRI-MRS mognets
. Collider magnets
. Detector magnets
. SMES applications
. Fusion applications

AC Applications
. Current limiters
. Transformers

. Generators

Gec Alsthom one of the world leaders
in superconducting cables and wires
For any further information,
please contact us

v
GEC ALSTHOM
—

POWER GFNFRATON

3, aven.e des Trois Thenes - 20018 BeFort Ceder, Fronce
Tel +233 103 84 55 32 26 - Fox + 37003 84 55165
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emphasis on implications in particle
physics, astrophysics and
cosmology.

Fermilab meetings

May 7-8, PIXEL98 - International
Pixel Detector Workshop. http//www-
ppd.fnal.goviepp_www/PIXEL98/
PixelWorkshop.himi

May 14-16, "Physics at Run If” -
Workshop on Supersymmetry/Higgs:
First General Meeting, M. Carena
and J. Lykken, Co-Chairs; hitp://
fnth37. fnal.gov/may_meeting. htmi

September 24-26, 4th Workshop on
Small-x and Diffractive Physics;
Michael Albrow (Fermilab) and Alan
White (Argonne) Co-Chairs; http://
www.hep.anl.gov/Theory/smxdf.himi

Around 80 physicists, including many former
colleagues and colfaborators, came to
Durham, UK, last December for a meeting to
matrk the 80th birthday of Alan Martin (sweater,
centre front) and his many contributions lo
theoretical particie physics - ranging from pion
scattering phase shift analyses to precision
electroweak results from LEP.

CERN Courier
contributions

The Editor welcomes contribu-
tions. These should be sent via
electronic mail to
cern.courier@cern.ch

Plain text {ASCII) is preferred.
Illustrations should follow by
mail (CERN Courier, 1211
Geneva 23, Switzerland).

Contributors, particularly
conference organizers, con-
templating lengthy efforts
(more than about 500 words)
should contact the Editor {by
e-mail, or fax +41 22 782 1906)
beforehand.
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External
correspondents

Argenne National Laboratory, {USA)
D. Ayres

Brookhaven, Nationa! Labgcratory, (USA)
P. Yamin

CEBAF Laboratory, (USA)
8. Corneliussen

Cornell bniversity, (USA)
D. G. Cassel

DESY Laboratory, (Germany)
llka Flegel, P. Waloschek

Fermi National Accelerator Laboratory,
(UsA)
Judy Jackson

GSI| Darmstadt, {Germany)
G. Siegert

INFN, (Italy)
A. Pascolini

IHEP, Beijing, (China)
Qi Nading

JINR Dubna, (Russia)
B. Starchenko

KEK Nationai Laboratory, {Japan)
A. Maki

Lawrence Berkeley Laboratory, (USA)
B. Feinberg

Los Alamos National Laboratory, (USA)
C. Hoffmann

NIKHEF Laboratory, (Netherlands)
Margriet van der Heijden

Novosibirsk Institute, {Russia)
S. Eidelman

Orsay lLaboratory, {France)
Anne-Marie Lutz

PS! Laboratory, (Switzerland)
P.-R. Kettle

Rutherford Appleton Laboratory, (UK)
Jacky Hutchinson

Saclay Laboratory, {France}
Elisabeth Locei

{HEP, Serpukhov, (Russia)
Yu. Ryahov

Stanford Linear Accelerator Center, (USA)
M. Riordan

TRIUMF Laboratory, (Canada}
M. K. Craddock
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THE MANY FACES
OF PRINTING

Lannoo has been printing since 1909 - almost 90

years of craftsmanship, experience and dynamism,

Lannoo Printers is a fully integrated company
with its own studio, prepress departiment
(incl. database publishing and multimedia facilities),

print shop, bindery and distribution organisation.

We specialize in quality printing of books,
brochures, annual reports, greeting cards,

diaries, calendars and magazines.

150 professionals with a passion for quality
and never-ending concern for customer requirements

are ready to answer your specific quesrions.

Lannoo Printers
Kasteelstraat 97 « B-8700 Ticlt » Belgium
Tel. 32 51,/42 42 11 » Fax 32 51,/40 70 70

E-mail: lannoo@lannooprint.be
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A unique advertising medium
for scientific
and technical equipment

CERN COURIER is the internationally recognized
news magazine of high energy physics. Distributed to
all the major Laboratories of the world active in this
dynamic field of fundamental research, it is compul-
sive reading for scientists, engineers, administrators,
information media and buyers. Written in simple
language and published simultangously in English
and Frenchithas become the natural communication
medium for particle physicists in Europe, the USA,
Russia, Japan — everywhere where the fundamental
nature of matter is studied.

Published from CERN, Switzerland, it also has
correspondents in the Laboratories of Argonne,
Berkeley, Brookhaven, Cornell, Fermi, Los Alamos
and Stanford in the USA, Darmstadt, DESY and
Karlsruhe in Germany, Orsay and Saclay in France,
Frascati in ltaly, Rutherford in the UK., PSI in
Switzerland, Serpukhov, Dubna and Novosibirsk in
Russia, KEK in Japan, TRIUMF in Canada and
Beijing in China.

The annual expenditure on high energy physics in
Europe is about 1800 million Swiss francs. The
expenditure inthe USA is about $ 1100 million; There
is also considerable expenditure in Russia.

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

All enquiries to:

Europe Rest of the world
Advertising Manager Guy Griffiths

Micheline Falciola Advertising Manager, USA
CERN COURIER Gordon and Breach Publishers
CERN 820 Town Center Drive
CH-1211 GENEVA 23 LANGHORNE PA 19947

Tel. 41 {022) 767 41 03 Tel.: (215) 750-2642

Telex 418 000 CER Fax: (215) 750-6343

Telefax 41 (022) 782 19 06



mailto:lannoo@lannooprint.be

~eoir

JEFFERSON LAB HALL C
POSTDOCTORAL POSITIONS

Thomas Jefferson National Accelerator Facility (formerly CEBAF) is a
DOE-sponsored laboratery operated by the Southeastern Universities
Research Association. Jefferson Lab’s primary mission is to study strongly
interacting matter with multi-GeV electromagnetic probes. The experi-
mental program includes both high energy nuclear physics and low energy
particle physics. The laboratory routinely operates at 4 GeV maximum
beam energy but will achieve 6 GeV by the year 2000.

Jefferson Lab invites applications for two post-doctoral research associ-
ate positions in the 1lall C group. The core Hall C equipment consists of
two focusing magnetic spectrometers, high power 12H and **He cryogenic
targets, and dynamically polarized H and D targets. Flexihility is the
key to the Hall C program so special purpose detectors and targets are
brought in as needed. In the first two years of operations, we have
completed 7 experiments. Qur experimental program for the next 3 years
includes measurements of the neutrun electric form factor, deuteron photo-
disintegration, the pion charge form facter, inclusive and exclusive mea-
surements in the nucleon resonance region, electroproduction of lambda
hypernuclei, and studies of shart range correlations. Preparations for
the G0 parity violation experiment are alse underway. The successful
candidates will play a role in the preparation, data taking, and analysis
for these experiments, and assist in the design of future experiments.
Leadership roles are possible by mutual agreement with experiment
spokespersons.

APh.D. in Experimental Nuclear, Particle, or High-Energy Astrophysics
is required. Experience in analyzing data from intermediate/high cnergy
experiments is essential, and a background in iepton-nucleus physics
would be a plus. The appointments will be made initially for one year
and are renewable. Applicants should send a curriculum vitae, copies of
any recent (unjpublished work, and arrange to have letters from three
references sent to;

Jetferson Lab
Attn: Employment Manager
Mail Stup 28D
12000 Jefferson Avenue
Newport News, VA 23606

Please specify position number PT2116 and job title when applying.
Jefferson Lab is an Affirmative Action/Equal Opportunity Employer.

High-Tech Superconductors produced by
a world leading industrial Group

LARGE SCALE PRODUCTION OF: %

- Nb7Ti and No/Sn wires EUROPA METALLL..

- Rutherford cables SUPERCONDUCTORS DIVISION

- Coextruded Al stabilized cables 55052 FORNACI DI BARGA (Lizceal - ltaly
- GIC with Al alloy and stainless steel jackels  Phone + 39 (583) 701422 - 701447

- High temperature supercenductors Fax + 39 (583) 75007

Technical Staff Member

SCIENCE SERVING SOCIETY

OPERATED BY THE UNIVERSITY OF CALIFORNIA FOR THE DEPARTMENT OF ENERGY
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SUMMARY: Sr.-Level Mechanical Engineer for the
LANSCE Division's Accelerator Physics and Engineering

. Group. Lead design, fabrication, procurement and
testing of beamline cryostats for superconducting
linear accelerators, storage rings, beam transport
systems, beam diagnostics, and related electron/ion
beam acceleration/transport equipment. Work with
linac and beam transport physicists, engineers/designers,
and fabrication/test technicians, to define requirements
and implement engineering designs for cryostats and
related hardware. Direct designers, technicians and
subcontractors in hardware development/production.
Create technical specs for in-house and subcontract
beamline cryostat development/production.

REQUIRED SKILLS, KNOWLEDGE, ABILITIES:
Extensive design-through-testing experience of beamline
cryostats and linear accelerators andfor beam
transport systems; technical direction of mechanical
engineers/designers and fabrication/test technicians.

Los Alamos

NATIONAL LABORATORY

DESIRED SKILLS, KNOWLEDGE, ABILITIES:
Design/testing/fabrication experience for normal- and
superconducting linear accelerateor cavities, storage rings,
magnets, beam diagnostic devices/transport systems, and
related hardware; knowledge of commercial finite element
thermal and structural analysis codes; ability to create
applications code in FORTRAN and/or C; experience with
CAD plus CNC manufacturing and inspection.

EDUCATION, TRAINING, OR LICENSING: Master’s
degree in Mechanical Engineering plus 10 years’ relevant
experience or a qualifying combination.

We offer an excellent compensation and benefits package
including medical/dental insurance, 403(b) and more.

For consideration, please send your resume referencing
CERN 983341 to: jobs@lanl.gov {no attachments, please};
or mail to: Los Alamos National Laboratory, Human
Resources Division, CERN 983341, Mail Stop P286,
Los Alamos, NM 87545. Equal Opportunity Employer.

www.lanl.gov
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RHEINISCH
WESTFALISCHE
TECHNISCHE
HOCHSCHULE
AACHEN

In der Mathemaltisch-Naturwissenschaftlichen Fakultit / Fachbereich 1 sind
7u hesetzen:

cine
Universitiitsprofessur (C4 BBesG)
fiir Experimentalphysik
{Nachfolge Prol. K. Libelsmeyer)

und eine
Universitiitsprofessur (C3 BBesG)
fiir Physik

Bewerberinnen und Bewerber fir beide Prolessuren sollen im Bereich
Experimentelle Elementarteilchenphysik arbeiten und dieses Fach in
Forschung und Lehre vertreten.
Die Zusammenarbeit mit bestehenden Gruppen der experimentellen
Elementarteilchenphysik und Gruppen der theoretischen Physik ist erwiinscht.
Zu den Lehrverpflichtungen gehéren neben der Ausbildung von Studierenden
der Physil: Im Falle der C4-Professur, die Beteiligung an der Aushildung von
Studierenden in den Natur- und Ingenieurwissenschaften. im TFalle der C3-
Professur. die Ausbildung und Betreuung von Studicrenden des Lehramts
Physik.
Einstellungsvoraussetzungen sind Habilitation oder gleichwertige wissen-
schaftliche Leistungen sowie pidagogische Eigmung.
Die Bewerbung von Schwerbehinderten ist erwiinscht.
Diec RWTH Aachen strebt eine Erhéhung des Anteils der Frauen in der
Forschung und Lehre an. Bewerberinnen und Bewerber werden gebeten, sich
mit den iiblichen Unterlagen (Lebenstauf, Darstellung des wissenschaftlichen
bzw. beruflichen Werdeganges, Schriftenverzeichnis) bis zum
30. Mai 1998

and den

Dekan der Mathematisch -Natorwissenschaltlichen Fakultit

Fachbereich 1

RWTH Aachen

52056 Aachen

zZu wenden.

POSTDOCTORAL RESEARCH IN
EXPERIMENTAL PARTICLE PHYSICS

University of California, Riverside

The Department of Physics invites applica-
tions for postdoctoral research positions in
experimental particle physics. The appointed
individuals are expected to participate in the
on-going research projects of the group,
which include the ee experiment OPAL at
LEP and the CMS at LHC. Candidates, who
are recent recipients of the Ph.D., should
submit a resume and list of publications and
arrange for three letters of recommendation
to be sent to: Professor Benjamin C. Shen,
Department of Physics, University of
California, Riverside, CA 92521, USA.
Review of applications will begin on May
15, 1998 and will continue until the position
is filled. The University of California 1s an
Equal Opportunity, Affirmative Action
Employer.

Experimental Research
Associates

The Stanford Linear Accelerator Center (SLAC) is one of the worldis
leading laboratories supporting research in high-energy physics. The labo-
ratorys program inclides the physics of high-energy electron-positron col-
lisioris, high- urminosity starage rings, high-energy linear colliders, and par-
ticle astrophysics.

A limited number of post-doctoral Research Associate positions will be avail-
able in the coming year with research opportunities in the fellowing areas:

Preparing for B physics with the BABAR detector at the PEP Il Asymmetric
R Factory, helping design and build the detector sub-systems and get ready
for physics

Participating in a Particle Astrophysics program studying time-
dependent x-ray sources with the USA {1996 launch) and R&D for a
high-energy gamma ray astronomy experiment in space (GLAST}

These positions are highly competitive and require a background of
research in high-energy physics and a recent PhD or equivalent. The
term for these positions is two years and may be renewed.

Applicants should send a letter stating their physics research inter-
ests, along with a CV, list of publications, and the names and
addresses of three references to: Jean Lee, jeanlee@slac.stanford.edu,
Research Division, M/S 80, SLAC, P.O. Box 4349, Stanford, CA
94309, Equal opportunity through affirmative action.

Stanford Linear
Accelerator Center

SLAC

GRAN SASSO NATIONAL LABORATORY
' TECHNICAL DIRECTOR

Gran Sasso National Laboratory is one of the (our INFN national Laborarories.
It is located close to the freeway from Rome to Teramo at 120 km from Rome
and at [0 km from the closest town, L’ Aquila.
[t consists of three large underground halls, under 1400 m rock overburden.
[nfrastructures {compuling, workshops, library, laboratories and mounting halls)
are located outside the tunnel, at about 7 ki from the underground laboratorics,
The staff consists of 64 permancnl positions plus a dozen of fixed term ones.
The main mission of the Laboratory is to provide a iow radioactive background
environment for experiments searching for rare phenomena. Experiments on a
long base line neutring beam from CERN (Geneva, Switzerland) are also
currently planned. The underground halls host a dozen of experiments ranging
in size trom very large (10 m x 15 m x 70 m} to very small and in different
phascs from commissioning to data taking. Users consists of about 500
physicists, half of which Tialians.
The technical director will have responsibility of the overall coordination,
systems integration, salely issues and day-to-day operations of the activities
of the Laboratory, He/She will coordinate the responsibilitics of the engincering
staft’ of the Laboratory (strong of six engineers with overall wn year long
experience and a number of (cchnicians) and he/she must be able te positively
intertace with the scientilic users of the Laboratory. Suceestul candidates must
have advanced degree in engincering or science and a proved multiannual
experience in lechnical management of large size laboratories or complex
experiments. Candidates should fluentty speak English; the knowledge of the
Ytalian language will be an clement ol preference though it is not mandatory.
The appointment will be for a three year period and it might be renewed.
Applications together with & curriculum vitae, a summary of the candidate
professional. technical and scientifical career should be submitted to:
Professor Alessandro BETTINI
LABORATORI NAZIONALI DEL GRAN SASSO
8.5. 17 bis KM 18+910
67010 - ASSERGI {AQ)
ITALIA
not later than May 31, 1998
More information about Gran Sasso Laboratory are available at
www.Ings.infn.il
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The European Molecular Biclogy Laboratory (EMBL), an international research organisation with its Headquarters Laboratory in
Heidelberg (Germany), Outstations situated in Grenoble (France}, Hamburg (Germany} and Hinxton (UK), and a Research Programme at
Monterotondo {ltaly} has the following vacancy in Heidelberg:

MANAGER OF HIGH-PERFORMANCE COMPUTING (ref. no.: 97/91)

The European Molecular Biology Laboratory in Heidelberg, Germany, has a wide research programme in the areas of structural,
developmental and cell biology, cell biophysics, gene expression and instrumentation. A positicn is available in the Structurat Biclogy (incl.
Biocomputing) Frogramme for the manager of high-perfermance computing. This will be a joint appeintment with the Computer and
Networking Group.

The job will entail the management of a multiprocessor shared-memory computer (the present computer will be replaced by a new ong in
early 1998} and a distributed workstation farm; advice and assistance to users for optimizing and porting molecular biology cedes to
parallel machines; and the running of short training courses in high-performance computing.

Candidates should have a background in scientific computing with experience in computer management (unix) and parallel programming
(shared and distributed memory). Experience in molecular biology, molecular dynamics simulation, image processing, protein
crystallography or NMR would be an advantage.

The coniract will be for three years in the first instance. This can be renewed for up to a maximum of nine years, depending on the

circumstances at the time of review.

Commencing date: As scon as possible.

EMBL is an inclusive, equal opportunity organisation.
EMBL Web site: http://www.embl-heidetberg.de/

To apply please send your CV, quoting ref. no. 97/91, to:

email: jobs @EMBL-Heidelberg.de

For further information: Rebecca Wade: Tel: +49-6221-387553, Fax: +49-6221-387306, E-mail: wade @ embl-heidelberg.de

The Head of Human Resources, EMBL, Postfach 10.2209, D-69012 Heidelberg. Fax: +49 6221 387555; Tel.: +49 6221 387 208;

o

LCOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

The Swiss Federal Institute of Technology in Lausanne (EPFL) invitcs
applications for a newly created position as

FULL OR ASSOCIATE PROFESSOR
IN THEORY OF COMMUNICATION SYSTEMS

The ficld is broadly defined within the theoretical foundations of
communications and information systems. Possible topics include, but are
not restricted to: information theory, communication theory, protocal
specificaticn/verification, formal languages and performance analysis for
communication/information systems. The success(ul candidate is expected
1o have an outstanding record, and to be interested in teaching at both the
undergraduate and graduate level in the areas of communication and
information systems. He/she should be equally interested in fundamental
science and phenomena as well as in technologies and their industrial
applications. He/she is also expected to develop collaborations with
industries having activities in related areas, us well as with other
laboratories of the EPFL, of the Swiss Federal Institute of Technology
Zurich (ETHZ)) and with EURECOM.

The Communication Systems I}vision is one of the two priority areas of
the EPEL. It has a specific undergraduate and graduate with courses in
Communication Systems both from the Computer Science and the Electrical
Engincering point of view.

EPFL is a top, internationally minded Technical University; the EPFL
offers competitive salaries, substantial start-up packages and excellent
research and teaching facilities. Information about the EPFL and the
Communicaticn Systems Division can be obtained by consulling
hup:/fwww.cpfl.eh/bienvenue html and http:/#ssewww.epfl.ch/

Starting dates: npon muiual agreement. Applications from women are
particularly welcome,
Deadling Tor applications: May 20, 1998.

For further information please contact by writing: Professor ).-C. Badoux,
President, Ecole polytechnique fédérale de Lausanne, CE-Ecublens,
CH 1fH5 Lausanne, Suisse, or by fax no +41.21.693.70.84,

DEUTSCHES ELEKTRONEN-SYNCHROTRON
DESY

We seek an experimental physicist to play a key role in a coliabora-
tive R/D program extending the range of accelerating gradients
achievable in superconducting radio frequency cavities. The work
will take place at Cornell University. The successful candidate will
need to be resident in lthaca, NY, although some visits to DESY
Germany wilt also be required.

Candidates should have a recent PhD in experimental physics or
engineering physics. Experience in some of the following areas is
desirable: low temperature physics, vacuum science, solid state
physics, surface physics and radio frequency systems for
accelerators. Excellence with oral and wriiten communication is
required, as is the ability to work both independently and as a
member of a group. Candidates must be younger than 32 years of
age.

The position is awarded for a duration of two years with the
possibility of cne additional year.

interested persons should send their application including a
resume and the usual documents (curriculum vitae, list of
publications) before 24th april 1998 to:

DEUTSCHES ELEKTRONEN-SYNCHROTRON, DESY,
NotkestraBe. 85, 22607 Hamburg, Germany
Code Nr. 5/98

They should alsa arrange for three letters of reference to be sent by
the same date to the above address.

Handicapped applicants will be given preference to other appli-
cants with the same qualification. Women are especially en-
courages to apply for this position.
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