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Nuclear physics scene provides 
some valuable pointers 
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The RGA is an invaluable vacuum diagnostic tool. 
Shown above is the mass spectrum of a vacuum 
chamber contaminated with oil. 
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magnitude, three isotopes of Nitrogen ( 1 4 N 2 , l 4 N 1 5 N , 
1 5 N 2 ) are clearly detected in a single scan. 
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Around the labs 

The seeds of East-West collaboration 
It is no accident that Russia has become a 
major partner in the CERN programme. In 
1967 a historic agreement between CERN and 
the Institute for High Energy Physics (IHEP) in 
Protvino,'Russia, was signed, under which 
CERN equipment and expertise was provided 
for the 70 GeV IHEP machine that was soon to 
come on line as the world's highest-energy 
synchrotron.This agreement led to continual 

Yerevan synchrotron 

The Yerevan magnetic spectrometer. 

After seven years of inactivity owing to difficult 
economic conditions, the electron synchrotron 
in Yerevan, Armenia, is in operational again. 

Work resumed last May on the 70 m 
diameter machine, which was commissioned 

fruitful collaboration between CERN and IHEP 
in particular, and it opened the door to wider 
East-West collaboration in general. 

In a short ceremony at CERN on 18 March, 
IHEP director academician A A Logunov 
bestowed the title of IHEP professor honoris 
causa on CERN personalities who played 
important roles in this initial exchange and in 
its subsequent consolidation. 

is back in action 

The Yerevan electron synchrotron. 

in 1967. By the middle of October last year, 
the various regimes of electron acceleration 
up to 4.15 GeV had been tested and a beam 
of linearly polarized photons in the 
0.9-1.8 GeV range had been obtained. 

Ending the century 
on a century 
During the current shutdown, CERN's LEP 
electron-positron collider is undergoing a 
major overhaul and is also being fitted with 
even more superconducting radiofrequency 
accelerating cavities, in order to boost its 
energy. 

In addition, the 288 superconducting 
cavities are being tweaked to boost their 
accelerating gradients from the design value 
of 6 to 7 MV/m in an attempt to increase 
LEP's energy to the landmark level of 
100 GeV for each beam. 

When LEP became operational in 1989, it 
operated both at and around the Z resonance, 
which called for some 45 GeV for each beam. 
As well as the technical challenge that this 
represents, the goal of increasing the beam 
energy is also subject to the formal approval 
of the French authorities. 

LEP running at 100 GeV per beam (and 
possibly even beyond) will be the machine's 
finale. After its run in the year 2000, attention 
will be switched over to the Herculean task of 
removing equipment from the 27 km ring and 
from its ancillary klystron tunnels prior to 
construction and installation for the LHC 
proton collider. 

With the machine already prospecting 
physics territory that is deemed to be rich in 
discovery potential, the LEP stage appears to 
be set for a dramatic final act. 

The asymmetry of deuteron photodisinteg-
ration was measured at photon energies up to 
1.8 GeV and at an angle of 90° in the centre-
of-mass.This asymmetry suggests problems 
in understanding the process in terms of 
constituent quark counting rules. 

A magnetic spectrometer (for protons) in 
coincidence with a neutron hodoscope spec
trometer allow the two-body decay of the 
deuteron to be separated from a multiparticle 
background. Scientists from the Joint Institute 
for Nuclear Research in Dubna, near Moscow, 
took part in the experiment. 

Plans for the Yerevan machine include 
continuing these photodisintegration studies 
and investigating quasi-deuteron disinteg
ration in light nuclei, such as helium-4 and 
lithium-6, using the polarized photon beam. 
The team hopes to expand its collaboration. 

A A Logunov bestowed the title of professor honoris causa on CERN personalities(*) who 
played important roles in developing CERN-Russia collaboration. Left to right: CERN 
director-general 1981-88 Herwig Schopper*, Berend Kuiper*, Academician Logunov, first 
IHEP vice-director Nicolai Tyurin, CERN director-general Luciano Maiani, F Perhollat, 
Giuseppe Fidecaro*, K Runge, S Denisov, Jean-Pierre Stroot*, V Mikhailov, Herbert 
Lengeler* and P G Innocenti. 
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Around the labs 

Ready for the Bs 
In February, physicists at SLAC, Stanford, 
successfully finished commissioning the 
PEP-II B factory. A few weeks later, engineers 
and technicians rolled the 1200 ton BaBar 
detector into position at the interaction point 
of this dual-ring electron-positron collider. 
With the insertion of its vertex detector and 
final checkout scheduled, everything seems 
ready for the long-anticipated start of the first 
physics run. 

During this final commissioning phase, a 
team of physicists led by John Seeman gradu
ally nudged the 3.1 GeV positron beam up to 
very high intensities - several times exceeding 
a current of 1 A.To do so they managed to 
circulate more than 1500 positron bunches 
simultaneously, countering the deleterious 
effects of multibunch instabilities using a 
sophisticated fast-feedback control system. 

Atone point the current reached 1.2 A, 
which is thought to be the highest current ever 
achieved with an antimatter beam. Its lifetime 
is fairly short - typically less than 1 h - but 

As a result of the technological problems to 
be solved and the global level of participation 
in the major experiments at CERN's LHC pro
ton collider, supply and manufacturing has to 
explore unusual sources. 

From the outset, the design of the major 
CMS experiment at the LHC foresaw calor-
imetry - measuring the energy of the particles 
emerging from the collisions - as of prime 

continued "scrubbing" of the ring's vacuum 
chambers by circulating the positron beam 
should eventually resolve this limitation. 

Bringing the positron beam into collision 
with the 9.0 GeV electron beam, the commis
sioning team achieved a peak luminosity of 
5.2 x 10 3 2/sq. cm/s in late February.This is 
more than 17% of the design value - an 
encouraging feat at this early stage in the life 
of the new collider. 

Design intensities have already been 
achieved in single-bunch operation. "There are 
no single-bunch issues remaining on PEP-II," 
remarked Seeman. "It is all about multibunch 
issues now." 

A remaining area of concern is the high 
background levels encountered during com
missioning, which are factors of 5-10 greater 
than what was anticipated in early simula
tions. A group of BaBar physicists led by Tom 
Mattison and Witold Kozanecki has been 
studying these backgrounds in detail, with an 
eye to reducing them or coping with them 

importance. Both the electromagnetic and the 
hadronic calorimeters are inside the solenoid 
that supplys the detector's magnetic field, 
with the electromagnetic calorimeter (ECAL) 
immediately outside the inner tracker. 

The ECAL will use lead tungstate crystals to 
pick up the emerging photons, which could 
provide useful signatures of new particles. 
With its strong photon absorption, lead 
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Final construction work for the 1200 ton 
BaBar detector at the new PEP-II B Factory at 
SLAC, Stanford, prior to rolling the detector 
into the interaction point of this dual-ring 
electron-positron collider. 

during the experimental runs. Better collima-
tion of the beams well upstream on either 
side of the detector is one likely solution. > 

tungstate makes a compact, and so cheaper, 
detector. Displaying the international flavour 
of the CMS collaboration, production of the 
approximately 80 000 lead tungstate crystals 
will be shared between the Bogoroditsk 
Techno-Chemical Plant in Russia and the 
Shanghai Institute of Ceramics in China. 

After four years of active R&D, a preproduc-
tion phase has just begun in Russia, where 
6000 crystals will be grown in mass-produc
tion conditions.This continues until the 
middle of next year. The goal of this pre-
production phase is to tune the production 
conditions for a maximum yield of good-
quality crystals. The first three batches, 
together amounting to 400 crystals, were 
delivered to CERN on schedule late last year. 
The quality of the first crystals received is 
already greater than the most optimistic 
expectations.The crystals are very clear, 
colourless, highly transparent and with an 
exceptionally fast response time (more than 
97% of the light appears within 100 ns).The 
light yield is in excess of eight photoelectrons 
per mega electron volt. 

All LHC detector components will have to 
contend with a harsh environment owing to 
the thousands of secondary particles that > 

CMS experiment crystal clear 
Some members of 
the CMS 
collaboration, ISTC 
and Bogoroditsk 
Techno-Chemical 
plant with a 
sample of the first 
lead tungstate 
crystals for the 
electromagnetic 
calorimeter of their 
experiment at 
CERN's LHC 
proton collider. 
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Around the labs 

Leader of the PAC 

Fermilab's accelerator control room. Fermilab's new Main Injector will soon be supplying 
protons for physics. 

Physicists from the BaBar collaboration 
commissioned their detector - minus its ver
tex detector and most of its differential 
Cherenkov detector - on cosmic rays in late 
1998 and early 1999.The on-line software 
package has come along smartly in recent 
months, enabling the reconstruction of cos
mic-ray events. One continuing problem is an 
unfortunate delay in obtaining enough quartz 
bars of sufficiently high quality for use in the 
Cherenkov detector, which begins the first run 
with only five (out of twelve) bars in place. 

Thus an idea proposed more than a decade 
ago by Lawrence Berkeley Lab's Piermaria 
Oddone - that an asymmetric electron-
positron collider would prove a superb facility 
for studying CP violation in the B meson sys
tem - is about to become reality at SLAC (and 
across the Pacific at KEKB at the Japanese 
KEK lab too). It has been a long, twisting and 
demanding road, deftly navigated by PEP-II 
project director Jonathan Dorfan, BaBar 
spokesman David Hitlin and many others. In 
the months to come, high-energy physics 
should begin reaping the benefits of all of the 
diverse efforts that have gone into this imagi
native, challenging project. 

are produced by each collision. "Radiation 
hardness" is therefore of prime importance. 
Initial measurements of the CMS ECAL crys
tal's radiation hardness is well within the 
specified range. 

Growing large crystals is not straight
forward, but the growth yield has also been 
very high - already very close to the target of 
75%.This was made possible through a con
certed R&D effort supported by CERN and the 
ISTC (International Science and Technology 
Centre) in which several groups of the CMS 
ECAL community, particularly those from 
Minsk and CERN, have actively participated. 
(The ISTC is the international scheme set up 
in 1991 to diversify and reorient the effort that 
was formerly channelled into Soviet military 
applications.) 

During this initial period the basic mecha
nisms underlying the phenomena responsible 
for the light production and the radiation 
damage in this crystal have been studied 
systematically. 

This was a vital step towards improving 
crystal quality, first at a small scale and pro
gressively at the mass-production scale, at a 
level that meets the very tight specifications 
imposed by the LHC running conditions. 

This years's Particle Accelerator Conference in 
New York City on 29 March - 2 April included 
news from several major new machines that 
are beginning to flex their muscles. 

Both of the new B factories, PEP-II (SLAC, 
Stanford) and KEKB (KEK, Japan), had seen 
collisions and measured luminosities.They 
are both rolling in their detectors - BaBar and 
Belle respectively - and both foresee physics 
runs from May (p6). 

PEP-II has achieved 750 mA of electrons 
and 1171 mA of positrons, which are believed 
to represent the highest positron current ever 
stored, with a peak luminosity of 5 x 103 2/sq. 
cm/s (design 3 x 1033) and an average lumi
nosity of 2 x 1032 over substantial periods. 
PEP-ll's goal for its May-August run is a maxi
mum luminosity of 1033 and an average of 
5 x 1032. KEKB has achieved 420 mA elec
trons and 380 mA positrons, with a maximum 
luminosity of 1.2 x 1031, on 25 March. 

Both KEKB and PEP-II observe dust trap
ping and reduced lifetime in a range of 
currents, and evaporation above, as well as 
pressure runaway as a result of electron multi-
pacting. Both machines need feedback to 
stabilize the beams. Linear optics in both 
agree well with models.There are no serious 
single-bunch instabilities and no multiple-
bunch instabilities related to modes in the RF 
cavities in KEKB. 

The new RHIC heavy-ion collider had been 
hoping to provide headline news at PAC, but 
unfortunately it suffered a serious mechanical 
failure. Leak checks are now complete, but 
power supplies are still being installed. 
Cooldown has begun, first to 50 K then to 4 K. 
Beam commissioning is foreseen from 18 
May, with shutdown from August to October 
and a 37 week physics run from November. 

Fermilab's new Main Injector was reported 
as having achieved six of seven milestones. 
The last is 2 x 1013 protons/pulse resonant 
extracted.The permanent-magnet recycler 
was completed in the week of the conference. 
The initial injection into theTevatron will be 
followed by a fixed-target run. Proton-antipro-
ton collider Run II is scheduled from February 
2000. Its goals are a maximum luminosity of 
5x 1031, integrated luminosity of 2 inverse 
femtobarns by the end of 2002, and 3 x 1013 

120 GeV protons on target every 1.9-2.9 s. 
Frascati's DAFNE phi factory had a circu

lating beam after the KLOE detector had been 
rolled in. It must make the beams flat by 
correcting the coupling caused by the detec
tor solenoid. Before the shutdown for rolling in 
the detector, it achieved a maximum luminos
ity of 1031 with 13 bunches in each beam. 

J M Slater, a physician, spoke about the 
Loma Linda proton therapy machine. Under a 
fabrication contract between Loma Linda 
University and Fermilab, which was signed in 
1986, the 250 MeV machine was installed in 
1989. By now more than 4000 patients have 
been treated.The rate is 100 patients per day 
with 20 min per patient, 16 h a day, five days a 
week and 98% uptime.The cost was 
$125 million, but replicas could be built for 
half of that amount. 

Slater gave a list of 17 future installations. 
His examples were mostly prostate cancer 
and some eye treatment.The operation needs 
more physicists and engineers, and about the 
same number of nurses and medical techni
cians, as other forms of treatment. 

The conference session on linear colliders 
opened with a tribute to the late Bjoern Wiik 
and his work. 
From Eberhard Keil. 
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Around the labs 

What's the 
quark 
matter? 
Careful analysis of data collected by the NA50 
experiment studying high-energy heavy-ion 
collisions at CERN shows clear signs of new 
behaviour, suggesting that under these condi
tions the colliding nuclear particles briefly 
fuse together to form a new kind of matter. 

In ordinary matter, quarks and gluons are 
confined inside nucleons, the component 
particles of nuclei. However, this has not 
always been the case. In the first split second 
after the Big Bang, when the temperature 
exceeded 1013°, quarks and gluons roamed 
around in a uniform "soup". When the temper
ature dipped, the free-ranging quarks and 
gluons suddenly "froze" into strongly interact
ing particles (hadrons), where they have 
remained ever since.The only known way for 
them to leave this confinement is via high-
energy nuclear collisions - "Little Bangs" -
when small pockets of hot and dense nuclear 
matter simulate post-Big Bang conditions. 

Over the past 20 years, lab physics experi
ments have gradually increased the energy of 
their nuclear beams in the search for this 
"quark-gluon plasma". As well as providing 
sufficient input energy to create Little Bangs, 
another challenge is to recognize clearly the 
deconfined state once it has been recreated. 

One suggestion, which was made in 1986 
byTetsuo Matsui and Helmut Satz, was to look 
among the emerging particles for states like 
the J/psi - a meson composed of a charmed 
quark and antiquark bound together. 

Approaching plasma conditions, the attrac
tive force between the quark and the 
antiquark will be screened by gluons and 
lighter quarks, and less charmed quark-
antiquark pairs will bind into J/psi states. 

However, an absorption effect also results 
from interactions of the produced J/psis with 
the nucleons while traversing the surrounding 
nuclear matter. Fortunately, this conventional 
absorption mechanism can be understood 
from the study of lighter collision systems, as 
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J/psi production yield per nucleon-nucleon collision, measured in lead-lead collisions by 
the NA50 experiment at CERN, relative to the normal nuclear absorption pattern inferred 
from other collision processes, as a function of L, the total length of nuclear matter 
traversed by the produced state. The abrupt fall in yield at higher L values shows that, in 
the violent collisions when the lead nuclei hit each other head-on, the quarks and 
antiquarks find it more difficult to stick together. 

has been done at CERN's SPS synchrotron 
with proton, oxygen and sulphur beams. 

A sudden drop in the rate of J/psi forma
tion, after accounting for the normal nuclear 
absorption, is considered to be a clear signa
ture of quark-gluon plasma formation. 

In 1996, colliding 158 GeV/nucleon lead 
beams on a solid lead target and using an 
improved experimental set-up, NA50 saw 
190 000 J/psis via their decay into muon 
pairs, four times the data collected in 1995. 
For peripheral lead-lead collisions, where the 
density of nuclear matter is least, NA50 sees 
the expected nuclear absorption effects, 
extrapolated from studies with lighter nuclei. 

However, for more violent lead-lead 
collisions, more energy is transferred and 
there is a maximum density of hot nuclear 
matter. Under these conditions, quarks and 
antiquarks find it more difficult to stick 
together and the J/psi production rate 
dramatically decreases. 

Under these conditions the quarks and 
gluons in the colliding lead nuclei briefly 
"forget" about their 15 billion year nuclear 
heritage and revert to their primeval state. 

As well as the clear signs of J/psi suppres
sion seen by NA50, other encouraging signs 
that collective quark-gluon behaviour is not 
far away come from other experiments at 
CERN using heavy-ion beams, notably NA45; 

seeing an excess of light electron-positron 
pairs; the increased yield of multiply strange 
particles by WA97/NA57; and several intrigu
ing observations from the big NA49 study. 

This bodes well for the experiments that are 
preparing to take their first data at the end of 
the year at the higher energies of Brookhaven's 
RHIC heavy ion collider.Their measurements 
should confirm beyond reasonable doubt the 
current indications that high-energy nuclear 
collisions lead to a transition from confined to 
deconfined matter, where quarks and gluons 
are no longer bound inside hadrons. 

Collective wisdom 
Later this year, Brookhaven's RHIC collider 
will start exploring a higher-energy frontier 
for heavy-ion physics, with gold nuclei at 
200 GeV per nucleon-nucleon collision. 
Meanwhile, CERN's SPS experiments -
NA45, NA49 and NA57 - convinced by the 
results found at 158 GeV per nucleon, will 
devote their 1999 beam time to a low-
energy run with lead ions at 40 GeV per 
nucleon. The aim is to study the onset of the 
anomalous phenomena seen at the full SPS 
energy and to fill in the energy gap between 
existing SPS results and lower-energy data 
from the CERN and Brookhaven synchrotrons. 
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Astrowatch 

Edited by Emma Sanders 

Supernovae and gamma-ray bursts are the biggest explosions in the universe bar the Big Bang. 
The former, occasionally visible with the naked eye, have been chronicled for centuries, while gamma-ray 
bursters had to wait for modern technology before being revealed. The study of these explosions provides 
valuable information on the evolution of the universe. In this special edition, Astrowatch previews some of 
the presentations at the Symposium on Supernovae and Gamma Ray Bursts at the Space Telescope 
Science Institute in Baltimore on 3-6 May. 

Accelerating 
universe 

A computer simulation of two neutron stars coalescing. (Ruffert & Janka 1997.) 

Gamma-ray bursts 
The most powerful objects in the universe are 
also the most mysterious. Gamma-ray bursts 
can emit more energy in a few seconds than 
all of the 1011 stars in our galaxy emit over a 
few days.This colossal concentration of 
energy is also thought to produce ultrahigh-
energy cosmic rays - protons of more than 
1019eV. 

Cambridge astronomer Sir Martin Rees has 
spent a number of years working on the theory 
of gamma-ray bursts. At the May symposium 
he speaks about their diversity and how the
ory is finally catching up with observation. For 
many years, astronomers did not know how far 
away these mystery bursts were. However, 
recent identification of their optical counter
parts has shown that they are far outside our 
galaxy. 

Today the popular model is of a spinning 
black hole with a torus of material swirling 
around it, which feeds two hyper-relativistic 
jets (Lorentz factor typically more than 100). 
The rapid infall into a newly formed black hole 
releases a burst of energy lasting a few sec
onds that transforms into gamma rays.The 
afterglow comes from the subsequent outflow 
of material slowed down by the interstellar 

medium.The complicated time structure of 
most bursts can be explained by a succession 
of internal shocks as the jet changes speed. 

Most observations to date fall into the 
category of long bursts, but Sir Martin believes 
that we may not be seeing the real distribution 
as the Bepposax X-ray satellite is not sensitive 
to short bursts. Long bursts are thought to be 
caused by enormous hypernovae explosions 
collapsing into a spinning black hole. Short 
bursts are thought to be coalescing binary 
stars collapsing into a spinning black hole. 

There are two main candidates for the 
mechanism governing the prodigious energy 
release. First, thermal neutrinos produced in 
the hot swirling debris are converted into 
electron-positron pairs. Second, the outflow is 
caused by an electromagnetic torque, like that 
in pulsars. A magnetic field of 1015 gauss and 
1 ms orbit could produce the observed lumi
nosity. 

Gamma-ray bursts are of wide interest to 
physicists. "They are very interesting as probes 
of great distances," said Sir Martin, "moreover, 
events that give gamma ray bursts are also 
likely to emit gravitational waves." Some quan
tum gravity effects may also be observable. 

The universe is expanding at an accelerating 
rate, studies of supernova explosions are now 
suggesting.This result has revived talk of 
Einstein's cosmological constant. Saul 
Perlmutter, who is head of the Supernova 
Cosmology Project, gives an update on his 
work in the field. 

Some supernova explosions - type la -
always have essentially the same luminosity. 
Knowing the luminosity of the explosion 
means that its distance can be calculated, 
and observing how the light is red-shifted 
shows how much the universe has expanded 
since that point in space-time. 

Perlmutter and his team have studied 
altogether some 80 high red-shift type la 
supernovae.Their results imply that the uni
verse was decelerating for the first half of its 
existence, and then began accelerating 
approximately 7 billion years ago. Perlmutter 
said: "this presumably was due to the uni
verse becoming large enough that the mass 
became so dilute that its effect was over
whelmed by the accelerating effect of the 
vacuum energy density - the cosmological 
constant." 

For the Supernova Cosmology Project, most 
of last year was spent hunting for "loopholes" 
that might explain away the need for a cosmo
logical constant.The group has observed 
more supernovae, including the furthest ever 
detected, but the results have not changed. 
"We are now in the midst of a new search for 
nearby type la supernovae, so that we can 
check them more rigorously for even more 
arcane problems that could distort our high-
red-shift results," said Perlmutter. "This time 
we are nicknaming them after Shakespeare 
characters, so we have a Petruccio, a Hamlet, 
a Friar John..." 
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Great balls of fire 
Last month, Astrowatch reported the first 
direct optical observation of a gamma-ray 
burst. For a few seconds this emitted more 
light than the rest of the universe. Theorists 
can now compare their models from a new 
perspective. Whatever the mechanism turns 
out to be, attempts to explain gamma-ray 
bursts have almost inevitably focused on 
some generic picture of a highly relativistic 
fireball. 

Tsvi Piran of Jerusalem's Hebrew University 
shows how this model fits the data. A reverse 
shock at the moment of the "afterglow" follow
ing the gamma-ray burst could give the optical 
effects. The Hubble Space Telescope has 
shown a decrease in the afterglow, which Piran 
suggests could be caused by the jets spread
ing out. He estimates the angle of the jet to be 
around 10°, and therefore the actual energy 
of the burst to be around 1052 ergs, which is 
comparable to that of a supernova. 

Picture of the month 
The Ring Nebula, from the Hubble 
Space Telescope. The hot gas 
thrown into space by a supernova 
explosion travels at more than 
100 km/s. The telescope has been 
at the forefront of astronomy for 
nearly 10 years. In particular, its 
studies of benchmark stars, such 
as Cepheids and supernovae, have 
improved our knowledge of the 
expanding universe - a fitting 
memorial to its namesake, who 
pioneered work in this field. Now, 
repairs are necessary to the 
guidance system and a rescue 
mission is expected this year to 
mend three of the six gyroscopes 
on board. In June 2000, a new 
camera and cooling system will be 
installed and will update the 
computers. (NASA/ESA.) 

Great and reliable engineering 
With years of experience 
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EXPO 2000 

Artist's view of the new experimentation hall for DESY's Free Electron Laser pilot facility. From June to October 2000, the hall will 
house the 1200 square-metre Light for the New Millennium exhibition, DESY's contribution to the EXPO 2000 World Exhibition. 

EXPO 2000 
Licht 
Light 

\der Zukunft 
for the New Millennium 

At the Germany DESY laboratory in Hamburg, an ambitious 
X-ray laser is scheduled to come into regular operation in the year 2003. 

Next year, on-site EXPO 2000 visitors will be able to see 
the new machine being constructed. 

To see something new, you must make something new.' This quo
tation from 18th-century German scientist and philosopher 
Lichtenberg was a favourite of the late Bjoern Wiik, chairman of 
the DESY Directorate, and chief promoter of DESY'sTESLA 
electron-positron linear collider and X-ray laser project. 

While for particle physicists this credo seems natural, the general 
public and many politicians usually find it harder to digest, espe
cially when facing the finance of basic research. 

Conveying the purpose of basic research and introducing the pub
lic to the thrill and fascination of frontier science and discovery are 
the main goals of a new DESY exhibition, which is planned to take 

place in Hamburg from June to October 2000, as one of the 
Worldwide Projects of the EXPO 2000 World Exhibition. 

The Light for the New Millennium will be delivered by the new type 
of Free Electron Laser (FEL) into which DESY's TESLA Test Facility 
(TTF) will eventually be converted. What had started mainly as a test-
bed for TESLA's superconducting acceleration principle will be 
extended as a 300 m FEL delivering laser light of wavelengths in the 
soft-X-ray range down to 6nm. Radiation generation via the SASE 
(self-amplified spontaneous emission) principle is a completely 
novel technique allowing high-intensity laser pulses to be produced 
at these short wavelengths for the first time. SASE-FEL proof of prin-
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Simulation of electron acceleration in superconducting niobium cavities. (Plettau, Darmstadt.) 

Starting from the existing TTF hall in the background, a new 
tunnel will house the superconducting accelerator and 
undulator of DESY's Free Electron Laser. The experimental hall 
in the foreground lies just beyond the tunnel of the PETRA ring 
on the DESY perimeter and will be used for the DESY exhibition 
during EXPO 2000. 

ciple is foreseen later this year. 
The facility, which is due to go into test operation in 2002 and be 

available to users from all over the world a year later, will be under 
construction during the exhibition. Visitors will witness the machine 

being built and inspect it much more closely than would ever again 
be possible during operation. 

However, accelerator and FEL components in the facility's tunnel 
will be only one facet of the DESY-EXPO: a 1200 square-metre exhi
bition in the future experimental hall will show the technology and 
research opportunities of the new device, general DESY research - in 
both synchrotron radiation and particle physics - and the labora
tory's plans for the future. 

Laser insights 
Multimedia and virtual reality shows as well as hands-on experi
ments will introduce the fascination of science and the emotion and 
thrill of discovery. Subjects will include "From light to microscopes to 
the X-ray laser", "Laser technology in science and everyday life", 
New insights opened up by the FEL in fields such as biology and 
materials sciences, and a presentation of DESY, its research pro
gramme and its planned TESLA project. 

With 50 000 visitors expected, exhibition staff will be supported 
by DESY's own undergraduate and graduate students, plus - a new 
idea - undergraduates from other German universities, who will be 
offered a research trainee period at DESY in return. 

Exhibition languages will be German and English. Admission, 
which is free, will be from 1 June to 31 October 2000, from 10.00 
a.m. to 7.00 p.m daily but until midnight on Thursdays. In the mean
time, the Web site at "http://www.desy.de/expo2000/" is well worth 
a visit. 
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The return 
antimatter 

Antiprotons 

This year should see the start of physics with CERN's new Antiproton 
Decelerator ring, marking the return of antiparticle physics to the 
CERN research stage three years after the closure of the LEAR low-
energy antiproton ring in 1996. 

The Antiproton Decelerator (AD) was built from CERN's former 
Antiproton Collector ring, which was commissioned in 1987 to sup
plement the original Antiproton Accumulator (AA; meanwhile, ele
ments of the AA have been sent to the Japanese KEK laboratory). 

The task of the AD will be to take the antiprotons, which are pro
duced by 26 GeV/c momentum protons hitting a target and selected 
at the optimum 3.57GeV/c momentum level, and, as its name 
implies, decelerate them to much lower energies, using electron and 
stochastic cooling to control the beams. 

Late last year the AD had a foretaste of particles - the much more 
readily available protons, in this case.The antiproton debut is sched
uled to take place soon after the restart of the CERN machines this 
spring, with the physics programme following in September. 

On the menu are the ATHENA and ATRAP experiments, which will 
use magnetic trapping to manufacture atoms of antihydrogen (see 

CERN 
Antiproton 
Decelerator 
project leader 
Stephan Maury 
at the AD 
during a live 
antimatter 
"Webcast" 
from CERN. 

pl7). Following the first synthesis of chemical antimatter at LEAR in 
1995, physicists have been eagerly awaiting a chance to revisit 
atomic antimatter country to see whether there is any difference 
between the behaviour of matter and antimatter. 

Also on the menu is the ASACUSA experiment (see this page) by 
a Japanese-European collaboration, which aims to continue the 
exploration of antiprotonic atoms - atoms in which an orbital elec
tron has been replaced by an antiproton. 

Telegrams from 
the antiworld 

Physics with antiparticles is 
difficult, but one trick is to 
replace atomic electrons by 
antiprotons.The resulting 
compact atoms are useful 
antiparticle laboratories. 

Antiprotonic atoms, in which an antiparticle is bound to an ordinary 
nucleus, carry important messages about the antiworld and are 
much easier to make than anti-atoms. Among antiprotonic atoms, 
protonium (a "nuclear" proton and an "orbital" antiproton) is partic
ularly interesting because it is the simplest two-body system con
sisting of a strongly interacting particle-antiparticle pair. 

An isolated protonium atom will not be destroyed by collisions 

with atoms of the medium in which it was produced and can only 
de-excite by giving off radiation.The lifetime can then easily exceed 
microseconds.The difficulty will be to produce the atoms in isolation 
(see next article). 

Antiprotonic helium is a special case. An experiment at CERN 
(April 1998 p8) discovered that this exotic atom can survive a very 
large number.of collisions and survive long enough to be studied by 
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Antiprotons 

laser spectroscopy. 
Isolated antiprotonic lithium would also 

be of great interest because its antiproton 
orbit should be far outside the residual pair 
of electrons. It should then be able to 
descend a ladder of these slow electro
magnetic transitions, which ends only when 
it approaches the electrons. 

In studying the interactions of anti
protons with matter, it is important to 
understand their ionization effects - how 
antiprotons strip electrons from ordinary 
atoms. 

An experiment at LEAR by a collaboration involving Aarhus, PSI 
Villigen, University College London and St Patrick's Maynooth mea
sured the ionization of hydrogen by antiprotons within the 
30-1000 keV energy range, where the antiprotons can be consid
ered to be "fast and heavy" (see next article). The experimentally 
observed effects concur with theoretical calculations. 

However, at lower energies, where there are as yet no data, theor
etical analysis becomes more difficult and different calculations dis-

Some "atoms" with 
orbital antiprotons 
live long enough to 
be examined by 
laser spectroscopy 
(This "trick" image 
is a superposition 
of two images: one 
with the people 
and one with the 
laser.) 

agree, although they suggest an at the most weak energy depen
dence. 

The study of the ionization of helium by antiprotons, with removal 
of one or both electrons, was pioneered at LEAR and is also ripe for 
further investigation. 

These additional physics objectives form an integral part of the 
ASACUSA experimental programme, which involves some 50 
researchers from 19 research institutes and in which Japanese 
physicists play a prominent role. 

Per Ardua ad ASACUSA 
A major antiproton experiment at CERN's 
Antiproton Decelerator is currently lining 
up an impressive array of techniques to 
investigate the interaction of antiprotons 
with atoms. 

At CERN's AD Antiproton Decelerator, the ASACUSA collaboration is 
already preparing to greet the first AD antiprotons with a barrage of 
laser and microwave beams. ASACUSA (April 1998 p8) stands for 
Atomic Spectroscopy And Collisions Using Slow Antiprotons, and, 
as this name implies, the experimenters'joblist will include studies 
of the interaction of antiprotons with atoms at super-low energies, 
both as a means of understanding the formation of antiprotonic 
atoms, and as a subject in its own right. 

Most physicists learn early in their career that it is impossible to 
find exact solutions for problems with more than two interacting 
bodies. Unfortunately, nature's arrangements do not include making 
life easy for physicists - most of the phenomena that they find inter
esting (including those mentioned above) turn out to involve three 
bodies or more. Often physicists can avoid this handicap, some
times by taking advantage of the fact that the masses and/or ener

gies of some bodies may be much larger or smaller than those of 
other bodies; sometimes by using approximation methods; and 
sometimes by employing both approaches. 

The many-body problem of the interaction of charged particle pro
jectiles, such as protons and antiprotons, with atoms has repeatedly 
engaged many of the most agile minds of 20th-century physics. If, in 
such collisions, the incident particle is much heavier than the elec
trons in the target atom and its encounter with the atom is short
lived enough to be treated as a small perturbation, it will follow a 
straight, charge-independent, constant-velocity path through the 
atom and will not be deflected by electric fields. 

This approximation, together with a few additional assumptions 
(for example, that the nucleus is too small a target to play a signifi
cant role), leads to the familiar Bethe-Bloch formula for the cumu
lative energy loss from multiple atomic encounters of charged 
particles passing through matter - of everyday importance in every 
particle physics experiment. 

The "fast and heavy" approximation can at best hold down to pro
jectile velocities about equal to that of the target atom's electrons: 
about 25 keV for nucleons approaching hydrogen atoms. At lower 
energies the charge-independence assumption will also be lost, 
because the projectile stays in the atom long enough to feel the 
nucleus. Among the more dramatic ultralow-energy effects is that 
of projectile protons repeatedly capturing and losing electrons. 
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Antiprotons cannot do this, but when their energy drops still fur
ther (below a few tens of electron volts) they will readily be cap
tured by the nucleus (see previous article) and form antiprotonic 
atoms. 

These effects showed up clearly in the very-low-energy domain of 
antiproton physics opened up at CERN's LEAR low-energy antiproton 
ring, and groups from Aarhus and Tokyo carried out many atomic 
interaction experiments as a guide to a better theoretical under
standing of these many-body collisions (see previous article). 

In the LEAR era, such experiments injected high-energy anti
protons into metallic foils or high-density gases, which degraded 
the antiprotons to electron volt energies and (in some experiments) 
provided the target atoms in which they were finally captured. 

If the target density or thickness could be made so small that only 
one collision occured, much more precise and better-controlled 
experiments on the atomic interactions of antiprotons would be pos
sible, and the dynamics of antiprotonic atom formation could be 
studied in detail. At such low target densities the absence of colli
sions after the capture process should also ensure that all antipro
tonic atoms are stable enough to be brought under the penetrating 
eye of laser spectroscopy (see previous article). 

The thin-target condition, where a beam particle enters a target 
and makes a single interaction, is, in a sense, "business as usual" for 
high-energy particle experiments, yet it constitutes one of ASACUSAs 
more difficult longer-term goals. The solution is to separate the 
deceleration of the antiprotons from the atomic interaction (or 
antiprotonic atom formation) to be studied. 

However, the electron volt antiprotons required for these experi
ments have a millionth of the energy that even the AD can provide. 
This energy gap will be crossed in two stages. First, the AD will be 
supplemented by a decelerating Radio Frequency Quadrupole 
(under construction in CERN PS division) to reduce the energy to 
tens of kilo electron volts.The antiprotons will then be confined in a 
Penning trap that is being constructed atTokyo University, cooled to 
cryogenic temperatures, and reaccelerated to a given electron volt-
scale energy. 

Finally, the reaccelerated antiprotons will be introduced into low 
pressure gas targets or jets or ultrathin foils. These experiments 
should start in 2000, after the first round of experiments (on antipro
tonic helium) is complete. 

John Eades, CERN. 

Is spacetime symmetric? 
Do particles and their antiparticles behave 
in the same way? Even tiny differences 
could be amplified over astronomical 
distances to produce very large effects. 
The synthesis of antihydrogen (a lone positron orbiting a nuclear 
antiproton) at CERN in 1995 showed that antimatter is not merely a 
theoretical dream. Later this year, experiments at CERN's new 
Antiproton Decelerator (AD) will begin investigating the properties of 
antihydrogen, their objective being to search for tiny differences in 
behaviour between matter and antimatter. Any such disparity would 
have deep implications for our understanding of space and time, 
as was highlighted at a recent meeting on spacetime symmetries 
held at Indiana University, Bloomington. 

At the microscopic level the universe seems invariant both under 
CPT (the combination of charge conjugation, C, parity inversion, P 
and time reversal, T) and relativistic Lorentz transformations (rot
ations and boosts). However, these symmetries could be violated 
by effects at the Planck scale, at distances so small (10" 3 3cm) and 
energies so high (10 1 9 GeV) that the gravitational force between two 
particles becomes comparable to the other forces of physics. 
Although such effects would be very small, they might be detected in 
sensitive experiments. 

If nature is CPT invari
ant, the masses of a par
ticle and its antiparticle 
should be exactly equal. 
Recent experiments at 
Fermilab and CERN have 
established mass equal
ity for the neutral kaon 

Ace particle trapper Gerald and antikaon to about 
Gabrielseof Harvard (left) with Alan one part in 101 9. This 
Kostelecky, organizer of the recent astonishing precision 
meeting on spacetime symmetries can be compared to 
at Indiana, Bloomington. measuring the distance 

between the Earth and 
the nearest stars (a few light years) to an accuracy of about 1 cm. 

Opening the meeting, Bruce Winstein, spokesman for Fermilab's 
KTeV experiment, summarized the status of these experiments and 
the KLOE experiment at Frascati's DAPHNE collider. An ambitious 
proposal to improve the current bound by more than an order of 
magnitude in a dedicated CPT kaon experiment was presented by 
Gordon Thomson of Rutgers. Measurements constraining CPT vio
lation in the B-meson system to about one part in 101 6, recently 
performed by the OPAL and DELPHI collaborations at CERN using 
data from LER were reviewed by Martin Jimack of CERN. 

A general extension of the standard model and quantum electro-
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dynamics that includes CPT and Lorentz violation was presented by 
meeting organizer Alan Kostelecky of Indiana.This can be employed 
to identify promising observable signals that arise from a broad 
class of theories with CPT and Lorentz violation, including those in 
which Lorentz symmetry is spontaneously broken in an underlying 
unified theory at the Planck scale. Malcolm Perry of the University of 
Cambridge reviewed the status of string and M (membrane) theory 
and described a new mechanism for CPT violation that involves the 
dilaton field. 

One crucial test of spacetime symmetries is to compare the prop
erties of stable particles with those of their antiparticles.This is pos
sible with high-precision measurements made in electromagnetic 
traps. New results were presented by experimentalist Richard Mittle-
man from Hans Dehmelt's group at Washington. An analysis of sev
eral months of data from an experiment with single trapped 
electrons placed a bound of six parts in 1021 on a combination of 
Lorentz- and CPT-violating quantities. Another new bound was 
reported by Gerald Gabrielse of Harvard, who constrained certain 
Lorentz-violating quantities to four parts in 102 6 by comparing the 
cyclotron frequencies of an antiproton and a hydrogen ion in an 
electromagnetic trap. A bold plan for testing spacetime symmetries 
is to perform spectroscopic measurements on antihydrogen and 
compare them with those of hydrogen.This requires the production 
of trapped antihydrogen, soon to begin, employing CERN's Antipro-

One crucial test of 
spacetime 
symmetries is to 
compare the 

ton Decelerator (AD). Talks at 
the meeting outlined the goals 
of the AD's two key trapped anti
hydrogen collaborations, ATRAP 
and ATHENA. 

Comparisons between spe-

properties of stable c i a , i z e d a t o m i c c l o c k s c a n P r°-
r+" I "+h t h V ' d e S h a r P t e S t S ° f S P a c e t i m e 

partlCieS Wil l i tnOSe symmetries. These experiments 
Of their antipartiCleS a r e > i n Principle, capable of dis

cerning Lorentz violation at the 
remarkable level of about one part in 1031. Astrophysical observa
tions are interesting too, because small effects could be amplified 
as light travels over astronomical distances. One possibility is to 
look for radiowave birefringence on cosmological scales. Roman 
Jackiw of MIT presented a theoretical study of such effects, while 
other talks described possible experiments along these lines. 

Organized by particle theorist Alan Kostelecky and attended by 
about 70 physicists from about half a dozen countries, the meeting 
was the first conference specifically focusing on this topic. More 
information can be found on the meeting Web site at"http://www. 
indiana.edu/~cpt98/". 

Neil Russell, Indiana. 
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Carlo Rubbia 

A wide span of physics 
Nobel prizewinner in 1984, architect and mason of CERN's biggest ever physics discovery 

and director-general of CERN from 1989 to 1993, Carlo Rubbia remains a continual 
fountainhead of new ideas. A recent seminar at CERN highlighted the extent of his work. 

Speakers at Carlo Rubbia's 65th birthday event (left to right) Gerard't Hooft, Georges Charpak, Alan Astbury, CERN director-
general Luciano Maiani, Klaus Winter, Carlo Rubbia, Arthur Kerman and Val Fitch. 

CERN owes a tremendous debt to Carlo Rubbia. His vision foresaw 
a gleaming new SPS proton synchrotron transformed into a proton-
antiproton collider, the springboard for discovering the W and Z par
ticles, the carriers of the weak force. With this discovery, CERN 
moved to the centre of the world physics stage. At a special seminar 
at CERN on 16 March, director-general Luciano Maiani pointed out 
that Rubbia's vision brought the W and Z particles into the reach of 
physics much earlier than would otherwise have been possible. 

The birthday seminar focused on science, but CERN's debt to 
Rubbia extends much wider. When he took over from Herwig 
Schopper as CERN director-general on 1 January 1989, the LEP 
electron-positron collider had not yet come into operation, research 
and development work on superconducting magnets for the pro
posed LHC proton collider was just beginning, and CERN had 14 
Member States: Austria, Belgium, Denmark, France, the German 
Federal Republic, Greece, Italy, the Netherlands, Norway, Portugal, 
Spain, Sweden, Switzerland and the UK. 

The LHC road had already been chosen in 1986 as the main 
thrust of CERN's scientific advance by the CERN Long Range 
Planning Committee, chaired by Rubbia. The route to higher elec
tron-positron collision energies through a purpose-built linear col
lider (CLIC; CERN Linear Collider) was also acknowledged at that 
time. 

Under Rubbia, the LHC moved from a proposal to a plan, with 
orchestrated research and development in CERN, other laboratories 
and industry. In parallel, the LHC's proposed research programme 
emerged from a vigorous and carefully managed series of presen
tations throughout the world. 

To safeguard CERN's future and reflect the growing international
ism of high-energy physics, Rubbia sought to extend CERN's tradi
tional role as a Western European venture by attracting new member 
states in Central and Eastern Europe, and by negotiating valuable 
new working agreements with scientific partners further afield. 

Finland, Poland, Hungary, the Czech Republic and Slovakia 
became CERN member states, while Germany grew to include the 
former German Democratic Republic, and CERN's relations with 
other traditional close-collaborating nations, notably Russia and 
Israel, were put on a new footing. 

Rubbia worked tirelessly to ensure that LHC plans moved steadily 
forward during a global recession, when money was extremely tight 
and governments were not looking at pure science as an investment 
for the future. 

A life in science 
Scientific research has dominated Rubbia's life, and the seminar 
emphasized this side of his achievement, which was for a long time 
concentrated around weak interactions. Rubbia was also a transat
lantic physicist, carrying out research at major US research centres 
as well as at every CERN machine (prior to LEP). 

The seminar proceedings were introduced by 1992 Nobel 
prizewinner Georges Charpak, who pointed to Rubbia's latest 
research interests around emerging energy technology as an exam
ple of his continual quest for innovation and his flair for new ideas. 
Innovative instrumentation has been a theme throughout Rubbia's 
career. 

Val Fitch of Princeton, who shared the 1980 Nobel Prize with Jim 
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Upgrade in sight? One of the linacs of the Continuous Electron Beam Accelerator Facility (CEBAF) at the Jefferson Laboratory, 
Newport News, Virginia. 

Echoes of a report 
A major report by a working group of the influential OECD 

Megascience forum provides a valuable snapshot of nuclear physics and 
makes far-reaching recommendations for its future direction. 

The Organization for Economic Cooperation and Development 
(OECD), through its Megascience Forum, is making its wisdom felt in 
scientific circles, acting as a valuable catalyst for future develop
ments and as a focus for international collaboration in sectors where 
this is not yet centrally organized. 

Founded in 1960, the OECD is a grouping of nations with 
advanced economies, its aim being to improve economic and social 
conditions in its own sector, stimulating relations with developing 
countries and generally boosting world trade. 

Megascience Forum 
Its initial concerns were economic and financial, but the roles of sci
ence and technology have been identified as being of major impor
tance, hence the creation of the Megascience Forum. Its latest 
exercise is a report by a special working group that was set up in 
1996 under Bernard Frois of Saclay to look into nuclear physics and 
its worldwide implications. 

Nuclear physics is pursued in all OECD member countries (and 

many others) with a global annual investment of about $1 billion. 
Nuclear physics has a major impact on technology and society: 
energy production, biological research, medical imaging, cancer 
treatment, semiconductor manufacturing, materials science, food 
processing, environmental monitoring and protection, preservation 
of art works, archaeology and anthropology. 

As scientists probe ever deeper into the structure of nuclear mat
ter, they require larger and increasingly complex facilities and equip
ment. In most cases these are unique, dedicated facilities, distinct 
from those of particle physics. The long lead times and consider
able resources needed call for strategic decision-making and long-
range planning, with a careful consideration of the scientific, 
technological, economic and social benefits of nuclear research. 
These requirements are especially critical now, when research bud
gets are under pressure. 

The goals of the Megascience Working Group were to provide an 
international forum for the exchange of information on priorities, 
programmes and plans, and to explore opportunities for inter-
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Carlo Rubbia 
Cronin for their discovery of CP violation, described Rubbia's contri
butions in this area of physics in the period 1966 to 1973. Fitch dis
played a list of 20 physics papers and 4 instrumentation papers 
with Rubbia as an author, and which had helped to pin down vital 
parameters in these difficult measurements. 

Klaus Winter of CERN looked at the neutrino sector. Rubbia was 
convinced that neutrino beams were the route to the discovery of the 
neutral currents - the key to electroweak unification. In the early 
1970s, he and his colleagues convinced the new Fermilab to make 
a major commitment to this physics.The experiment's all-electronic 
detectors bore the unmistakable stamp of Rubbia ingenuity. 

After a long period away from the neutrino stage, the excitement 
around neutrino oscillations tempted Rubbia back, this time with 
the ICARUS neutrino detector at the Italian Gran Sasso underground 
laboratory. The innovative liquid argon time-projection chamber 
again bears the trademark of Rubbia innovation. 

Continual innovation 
Turning away from the experimental side, Gerard't Hooft of Utrecht 
sketched the development of the theoretical infrastructure that led 
to electroweak unification and the Standard Model, which Rubbia's 
1983 discovery dramatically confirmed. 1 Hooft remarked that new 
theoretical ideas in and around superstrings have predictions that 
are very difficult to verify by conventional experiments. 

Alan Astbury of TRIUMF, Vancouver, a close collaborator of Carlo 
Rubbia for the UA1 experiment at CERN's proton-antiproton col

lider, covered the historic period from the late 1970s that led to the 
1983 discovery of the W and the Z particles.This physics was a con
tinual close race between the UA1 and UA2 experiments. Astbury 
pointed out how UA1 had been galvanized into action in late 1982 
by having lost the race to discover the tightly confined "jets" of par
ticles, which signal quark-gluon interactions deep inside the pro-
ton-antiproton collisions. 

After his mandate as CERN director-general, Rubbia made a dra
matic return to the physics stage, this time through his ideas for har
nessing accelerators for energy production via nuclear fission with a 
minimum of nuclear waste and for the destruction of existing waste 
by transmutation. 

Arthur Kerman was billed as covering this phase of Rubbia's 
career, but began by pointing out the initial role Rubbia had played 
in recommending the US Superconducting Supercollider. Kerman 
described the neutron behaviour that opens up the possibility of 
controlled fission reactions, whether by orthodox absorbers or via an 
accelerator in tandem with the reactor.The latter possibility had long 
been recognized, but only recently has accelerator performance 
begun to approach the necessary levels. 

Carlo Rubbia characteristically used the occasion to look forward 
rather than back, underlining how little we know about the universe. 
With much of the world around us composed of invisible but all-per
vading "dark matter", innovative instrumentation is still called for. 

Finally director-general Luciano Maiani underlined the breadth of 
Carlo Rubbia's contributions, both to CERN and to physics. 
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Nuclear physics 

The RHIC heavy ion collider at Brookhaven. The Megascience nuclear physics working group recommends more co-ordination and 
collaboration to strengthen the worldwide effort in heavy ion collision physics. 

national collaboration during the next 10 to 20 years. 
Particular attention was given to the role of large facilities and 

programmes that would benefit from international co-operation: 
• to examine the policies and practices that govern access to 
large facilities, and to assess the impact of current and future 
trends on the users and providers of international facilities; 
• to explore specific opportunities for collaboration in research 
and development related to nuclear physics facilities, detectors 
and associated technologies. 

Scientific objectives and applications 
The fundamental challenges of nuclear physics are not the same as 
those of particle physics. 
What are the constituents of matter, how do they interact and how 
do they form nuclei? 
For nuclear physics, the aim is to understand the properties of 
nuclear particles from those of quarks and gluons, to solve the 
nuclear many-body problem and to predict the properties of large 
nuclei from the known interaction of protons and neutrons. These 
formidable theoretical problems may become tractable using high -
power computers and results from new generations of electron and 

hadron beam facilities. 
What are the limits of nuclear stability? 
The early evolution of the universe was determined by the aggreg
ation of quarks and gluons to form hadrons and nuclei, and the syn
thesis of heavier elements through nuclear reactions.The stability of 
nuclei arises from a delicate balance between the nuclear, electro
magnetic and weak forces in the nuclear medium. 
Some very neutron-rich nuclei have recently been found to have 
extended distributions of dilute, nearly pure neutron matter that are 
of much theoretical interest and thus a subject of intense investi
gation.The direct investigation of nuclear structure far from stability 
will be made possible through the production of intense beams of 
rare and short-lived isotopes (radioactive beams). 
What happens to nuclear matter at extreme pressures and tem
peratures? 
Nuclei can be compared to liquid drops of nuclear matter. In the 
collision between two nuclei at high energy, the pressure and tem
perature of nuclear matter are increased. Is there a transition in the 
nature of nuclear matter? Is there formation of a plasma of elem
entary constituents in ultrahigh-energy collisions of heavy nuclei? 
The search for these phase transitions via heavy-ion collision experi-
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Cancer therapy using light ion beams at GSI, Darmstadt. New 
techniques permit the treatment of tumours in critical 
locations. In the wide-ranging applications sector, cancer 
therapy was one of the areas selected by the Megascience 
nuclear physics working group as worthy of special attention. 

merits will be a subject of intense experimental and theoretical work 
during the next decade. 
The liquid-gas phase transition is studied at existing energies. The 
"deconfinement" transition to a quark-gluon plasma will be investi
gated in new regimes at Brookhaven's RHIC and CERN's LHC collid
ers. The early universe presumably underwent this phase transition 
within the first few millionths of a second following the Big Bang. 
Such phenomena might have a bearing on important aspects of 
cosmology, such as nucleosynthesis, dark matter and the large-
scale structure of the universe. In astrophysics, the dynamics of 
supernova explosions and the stability of neutron stars depend on 
the compressibility and thus the equation of state of nuclear matter. 
What is the origin of the chemical elements in the cosmos? 
Many elements are formed in stellar explosions via very neutron-rich 
or, under different circumstances, very proton-rich nuclei.The prop
erties of both routes are largely unknown. While element formation 
inside stars can be sketched by extrapolating model calculations, 
there is a critical need for experimental data to provide benchmark 

tests for these predictions or input to numerical simulations. 
Nuclear methods are widely used in materials research and manu
facturing. Some examples are non-destructive testing via comput
erized tomography or neutron radiography, the production of densely 
packed microchips by ion implantation and the sterilization of heat-
sensitive materials by ionizing radiation. 
Materials analysis using nuclear reactions and Rutherford scattering 
is a major research tool for surface analysis, catalysis, semicon
ductor manufacturing, archaeology, etc. 
Particle beams from research accelerators are used to analyse the 
damage to microelectronic circuits that is caused by cosmic radia
tion or natural radioactivity - an issue of increasing importance for 
the further miniaturization of electronics. 
Ultrasensitive accelerator mass spectrometry plays an increasing 
role in environmental research - the study of climatic change, global 
air and water circulation patterns, stratospheric ozone depletion, 
and the monitoring of air and water quality. Nuclear technology is 
indispensable in the monitoring of existing radioactive waste repos
itories. 

For energy production, nuclear fission reactors currently provide 
about 17% of the world's electricity. Nuclear techniques have an 
impact on other forms of energy production, including the explor
ation and utilization of oil reserves. Neutron techniques are routinely 
used to monitor the chemical composition of coal, coal preparation 
plants and the determination of the sulphur, water, ash and energy 
content of coal. For the long term, thermonuclear fusion still holds 
the promise of a virtually inexhaustible supply of clean energy and 
is an area of active research and development. 

Nuclear techniques are important in medicine and biology. 
Radioactive isotopes produced by accelerators and nuclear reactors 
are widely used for treatment and diagnosis, and also in biomedical 
research. 

In the wide-ranging applications sector, the working group focused 
on three potentially promising topics: the accelerator-driven trans
mutation of nuclear wastes, medical imaging and cancer therapy. 

The recommendations 
The working group believes that nuclear physics will continue to pro
vide new and important direct benefits for society in the next cen
tury. It recognizes the need for 
• high-intensity radioactive nuclear beam facilities; 
• intense high-energy continuous electron beam facilities; 
• multipurpose hadron facilities with a variety of secondary parti
cle beams; 

• facilities for heavy ion collisions at very high energies. 

Radioactive nuclear beam facilities 
Radioactive nuclear beam (RNB) facilities are seen as being impor
tant for a broad programme of research in fundamental nuclear 
physics and astrophysics, as well as in applications of nuclear sci
ence. A new generation of high-intensity RNB facilities of each of 
the two basic types - on-line and in-flight - should be built on a 
regional basis. Interested governments are encouraged to under
take the necessary decisions within the next few years, and the facil
ities should become operational in 5 to 10 years. 
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Carlo Rubbia's TARC (Transmutation byAdiabatic Resonance 
Crossing) experiment at CERN. Accelerator-driven 
transmutation has emerged as a potentially complementary 
technology for radioactive waste handling by transmuting the 
longest-lived radioactive isotopes into short-lived or stable ones. 

A contact group should be established that consists of govern
ment-appointed programme managers and other scientific and 
technical experts from countries that are actively involved in plan
ning and implementing new (or upgraded) RNB facilities. It should 
provide a venue for the accurate and timely exchange of information 
regarding decisions, priorities, schedules and progress being made 
in the three major regions of the world. 

Electron facilities 
High-energy continuous electron beams are important probes of 
nuclear and hadronic structures at the quark-gluon level. 

The proposed upgrade of CEBAF at the Jefferson Laboratory to 
12 GeV by 2005 would enter the high-intensity, high-energy domain 
at a reasonable cost and at the right time. 

In Europe, attention has focused on the Electron Laboratory For 
Europe (ELFE).Atthe DESY laboratory in Hamburg, the 27 GeV pulsed 
injector of the proposed TESLA linear collider could be used with the 
existing HERA electron ring (operating in a "pulse stretcher" mode) to 
obtain an extracted continuous beam with a maximum intensity of 
30 A. 

The superconducting radiofrequency cavities from CERN's LEP 
collider (which will be removed to make way for the Large Hadron 
Collider) could be utilized for a new 3.5 GeV linac, which could pro
vide a continuous 150 |LLA beam at 25 GeV via the recirculation of 
the electrons. 

The employment of heavy ions in the HERA electron-proton col
lider could be used to study electron-nucleus collisions at even 
smaller distances, where the gluon density is expected to increase 
strongly, leading to a completely new physics regime. 

For a 25-30 GeV electron facility, the working group encourages 
international coordination and collaboration. 

Hadron facilities 
The Japan Hadron Facility (JHF) proposed by the KEK laboratory will 
attract a worldwide community. Interested parties are encouraged to 
form partnerships to develop instrumentation and detectors to take 
advantage of the facility. They should take note of the initiative to 
open the JHF to an international community. 

Heavy-ion collisions 
Given the challenges and the pre-eminent importance of heavy-ion 
collisions for quark matter physics, significant benefits would be 
realized from increased international collaboration. 

Scientific and technical groups, in co-operation with the relevant 
funding agencies, should maintain the fruitful contacts initiated by 
the working group. Enhanced co-ordination and collaboration will 
strengthen the worldwide effort in this field, and, in particular, 
between the RHIC (Brookhaven) and ALICE (CERN) communities. 

Applications 
Accelerator-driven transmutation has emerged as a potentially com
plementary technology for radioactive waste handling by transmu
ting the longest-lived radioactive isotopes into short-lived or stable 
ones. This technology could have a significant synergy with other 
projects, like neutron sources and high-intensity accelerators. 

To make optimum use of the available intellectual and financial 
resources, it may be necessary to strengthen existing co-operative 
mechanisms or to create new ones. The existing OECD Nuclear 
Energy Agency could be adapted to play a wider role. While recog
nizing the diversity of national policies, the working group neverthe
less encourages coordination. 

For cancer therapy, optimized medical synchrotrons for light-ion 
therapy have recently been designed by CERN and GSI Darmstadt. 
New techniques of more accurate beam delivery and precise control 
permit the treatment of tumours in critical locations, such as the 
brain or near the spinal cord. 

For medical imaging, significant progress can be expected in 
terms of spatial resolution and sensitivity. Novel techniques will con
siderably improve the early detection of tumours. 

For such a wide-ranging subject, the report is very compact and 
easy to digest, and it was well received by its parent Megascience 
Forum. It provides useful indications for scientists and their funding 
agencies. Even without its recommendations, it is a good summary 
of nuclear physics today. The full report is available at 
"http://www.oecd.org/dsti/sti/s_t/ms/prod/NUCLEAR2.pdf. 
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Theatre 

Copenhagen 
interpretation 

Now playing to full houses in 
London's theatreland is 
Copenhagen, a fascinating 
new play that imagines a 
dialogue between the ghosts 
of quantum pioneers Niels 
Bohr and Werner Heisenberg. 

Copenhagen in London - physics theatre with Matthew Marsh as Werner Heisenberg (foreground), Sara Kestelman as Margrethe Bohr 
(seated) and David Burke as Niels Bohr (photo Conrad Blakemore). 

The play Copenhagen shows that physics, in the hands of talented 
British playwright and author Michael Frayn, can be entertainment. 

However, few theatregoers are pulled to the box office by the 
promise of an evening about physics: it is Frayn's name that packs 
them in. With an International Emmy Award in 1990, several Best 
Comedy Awards and Play of the Year, audiences know that he deliv
ers the goods. 

In the 1998 harvest of theatre awards, Copenhagen was judged 
Best Play by the London Evening Standard and Best New Play by 
the Critics' Circle, and was nominated for a 1999 Olivier Award. 

It is stark theatre - no scenery, three chairs as the only props and 
a cast of three: Neils Bohr, his wife Margrethe and Werner 

Heisenberg on stage for the entire performance. 
The focus of the "action" is a recreation of what happened in 1941 

when Heisenberg went to Copenhagen to meet Bohr. Shortly after
wards, Bohr fled to Sweden and then the UK, eventually turning up in 
Los Alamos, where he became a father-figure for the Manhattan pro
ject. 

Heisenberg played an influential role in the much more modest 
German wartime effort. Did they exchange physics information in 
Copenhagen? Did they try to influence each other in any other way? 
Suspecting that Bohr was in contact with the Allies, did Heisenberg 
try to dupe them by giving Bohr bad information? Did Bohr try to 
dupe the Germans by fooling Heisenberg? Who knows? Nobody, but 
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Wonderful Copenhagen 
In Michael Frayn's play about the uncertainty surrounding Werner 
Heisenberg's wartime visit to Niels Bohr, one thing is absolutely sure: 
it's great theatre. He has taken the excitement of discovery, the horror 
of war and the controversy of Heisenberg's motives on that fateful 
day jn 1941 and skilfully wrapped them all in a cloak of uncertainty. 

The action takes place long after the characters are dead and 
gone. Niels and Margarethe Bohr return from the afterlife for one 
last try to work out what really happened with Heisenberg. Up to a 
point, the facts are clear. Heisenberg visits Nazi-occupied 
Copenhagen to give a talk at the German Cultural Centre. While 
there, he drops in on his old friend and mentor, and the two of them 
go for a walk under the trees, just as they did when Heisenberg was 
Bohr's collaborator. In those days they would walk and talk for 
hours.This time they are back after minutes and Bohr is highly agi
tated. Heisenberg had asked Bohr whether it was right to work on 
atomic energy. So much is certain. All that follows is not, as the 
characters run through three possible interpretations of the 
evening's events. 

Despite having only three characters, the play mentions all of the 
great physicists of the era and 30 members of the audience sit in 
apparent judgement behind the stage. It is as if the characters - the 
Bohrs as well as Heisenberg - are on trial. Why didn't Bohr hear his 
old friend out? Why didn't he help him to come to terms with the 
awful knowledge that he thought he had? And why was Margarethe 
so willing to condemn? 

The Bohr's house is bugged, so conversation over dinner is 
guarded. Heisenberg advises the Bohrs to visit the German Cultural 
Centre. Is he trying to tell them something important? We don't know, 
but a hint comes later when Bohr escapes arrest by fleeing across 
the water to Sweden. He had been tipped off by an anti-Nazi German 

working at that same centre. Was Heisenberg behind this? 
Uncertainty again. Once in Sweden, Bohr helps to organize the suc
cessful evacuation of almost 6000 of Denmark's 7000 Jews. Was 
Heisenberg somehow involved in that too? 

The physics is deftly woven into the plot and Frayn's treatment of 
the Copenhagen interpretation is a master class for any would-be 
science communicator.The research must have been prodigious. 

The matinee was performed by the play's second cast. David 
Barron's Bohr was gruff but likeable, and William Brand's Heisenberg 
was brilliant, naTv, and confused. Heisenberg's love of his country 
was a thing to be admired, even though Germany was in thrall to a 
despotic regime. Margarethe, played by Corinna Marlowe, was balm 
to soothe the men's fraying tempers and reins to pull their straying 
conversation back on course. If the first cast does half as well, their 
performance will be well worth seeing. 

Frayn adds nothing to the controversy of Heisenberg's visit, the 
motives of which remain just as unclear at the end of the play as at 
the beginning. However, he seems prepared to give Heisenberg the 
benefit of the doubt. When conversation turns to why Heisenberg had 
never calculated how much uranium-235 would be needed to build 
a bomb, Heisenberg demands of Bohr: 

"Why didn't you calculate it?" 
"Why didn't I calculate it?" 
"Tell us why you didn't calculate it and we'll know why I didn't!" 
"It's obvious why I didn't!" 
"Go on." 
But it's left to the initially sceptical Margarethe to save Heisenberg: 
"Because he wasn't trying to build a bomb!" 
You could almost feel the relief in the auditorium. 

James Gillies, CERN. 

Frayn tries to guess. 
Rather than a scientific "whodunit?", the play is more of a "who 

did what?, with accusations and counter-accusations coming from 
all three sides. As well as the wartime nuclear fission developments, 
in the second half of the play the "plot" overflows into basic physics 
for good measure. 

Margrethe (admirably depicted by Sara Kestelman) is portrayed 
as omniscient. Why did Frayn not depict instead Carl von Weizsacker, 
who accompanied Heisenberg to Copenhagen and whose pro
nouncements on physics would have been more authoritative than 
those of Mrs Bohr? Probably because the idea is to recreate what 
happened when Heisenberg went to talk with Bohr at his house, not 
in his physics institute. Whatever else was on his mind in 1941, 
Heisenberg cared deeply about Bohr. 

David Burke's Bohr is visually evocative. In the Bohr-Heisenberg 
stage duel, both characters are portrayed as strong and assertive 
in their dialogue, but in real life their assertiveness and obstinacy lay 
deeper than their oral skills. 

For such a stark presentation, director Michael Blakemore and 

lighting designer Mark Henderson have pulled out all of the stops. 
Frayn says that his interest was whetted by reading Thomas 

Powers' book Heisenberg's War and David Cassidy's biography of 
Heisenberg, Uncertainty. 

Science communication is still in its infancy (p29), but full marks 
should be awarded to Frayn for making compelling theatre out of 
physics. He deserves special recognition for such a heroic under
taking. The result is certainly riveting and accurate, although 
scientific nit-pickers will occasionally wince. In places the physics is 
painted too thickly, blinding the audience with science. But that is by 
the way. 

Gordon Fraser, CERN. 

• Copenhagen is playing at the Duchess Theatre in London until 
7 August. For additional information and tickets, you should 
telephone the theatre box office on +44 171 494 5075 or you can 
visit the London Theatre Guide Web site at http://www. 
londontheatre.co.uk/". 
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Communication of physics 

The 
incomprehensible 
is always fresh 
Communicating the unfamiliar 
ideas of basic physics is already a 
challenge. With theories for the 
21st century already on the 
drawing board and looking even 
more bizarre, CERN Courier editor 
Gordon Fraser wonders how to get 
the message across. 

As we worry about how we will mark the passage of the millennium 
and whether its technology will survive that incremental year, fun
damental physics has already embarked on its assault on the 21st 
century. Caught up in the jostle, it is hard to perceive this accelera
tion. But look back 100 years and it is clear how the prospect of the 
20th century provided incentive right across the cultural spectrum. 

The work of poverty-stricken artists who were humiliated by the 
drudgery of unrecognized creativity now trades for fortunes. Fresh 
influences that were to fire the popular music of the 20th century 
blazed only in the confines of the ghetto. 

Physics too was poised on a launchpad.The decade spanning 
the 19th and 20th centuries brought a chain reaction of discovery: 
X-rays, radioactivity, the electron, quantum theory, special relativ
ity...Before the century was much older, a full theory of relativity and 
the interpretation of empirical quantum theory in terms of quantum 
mechanics had revolutionized our understanding of the universe. 

Rather than having been assimilated into the collective con
sciousness, these two monuments of human intellect - quantum 

mechanics and relativity - still remain obstacles to the public under
standing of science. In his introduction to the first edition of his mas
terpiece The Principles of Quantum Mechanics, Paul Dirac said: "The 
methods of progress of theoretical physics have undergone a vast 
change during the present century [he wrote in 1930!].The classi
cal tradition has been to consider the world to be an association of 
observable objects (particles, fluids, etc) moving about according to 
definite laws of force, so that one could form a mental picture in 
space and time of the whole scheme...It has become increasingly 
evident...that nature works on a different plan. Her fundamental laws 
do not govern the world as it appears in our mental picture in any 
very direct way, but instead they control a substratum of which we 
cannot form a mental picture without introducing irrelevancies." 

Dirac was trying to encourage students who were about to embark 
on a difficult but rewarding book, warning them that they should 
loosen the straps on their 19th-century imagery of springs and gear
wheels and prepare to accept an unfamiliar "impressionist" physics. 

Some 70 years later, many generations of physicists have learned 
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Communication of physics 

to handle relativity and quantum mechanics in their sleep, but these 
concepts remain a foreign language for the uninitiated. 

"The new theories," wrote Dirac, "if one looks apart from their 
mathematical setting, are built up from physical concepts which 
cannot be explained in terms of things previously known...which 
cannot even be explained adequately in words at all. Like the fun
damental concepts which everyone must learn on their arrival into 
the world, the newer concepts of physics can be mastered only by 
long familiarity with their properties and uses." 

For the 21st century, physicists are venturing into even deeper 
conceptual water, painting ambitious new pictures that even Dirac 
would have shunned. Abandoning the "classical" concept of point 
particles in favour of two-dimensional strings in many-dimensional 
spaces, new developments suggest that some of the mysteries of 
quarks and gluons could be inferred from quantum theories of grav
ity cast in many more dimensions than once was ever thought nec
essary. The microworld could be a hologram of an otherwise invisible 
structure of a larger universe. 

Superstrings 
Recent CERN Courier articles on superstrings by Gabriele Veneziano 
(March pl9) and Yaron Oz (April p l3) have pointed out how we 
could have been blindfolded by living in a four-dimensional space-
time lesion embedded in a much larger, but ironically indiscernible, 
scheme. Our limited experience might not be that of most of the 

rest of the universe, and another Copernican revolution might be 
round the corner. 

These ambitious theories are not yet ready for any textbooks, but 
something will surely emerge from all of this intellectual industry. 
Such a reappraisal of our understanding could go on to parallel 
Planck's introduction of the quantum concept 100 years ago. 

If these new theories do bear fruit, then the problems underlined 
by Dirac 70 years ago will have been amplified. The preface to the 
ultimate 21st-century textbook The Principles of Superstrings will 
have to encourage students even more than Dirac did, and the pub
lic, blinkered by living in three dimensions, let alone four, could be 
even more in the dark and seek easier intellectual comfort. 

The 21st-century public could find physics not to its taste unless a 
major effort goes into making the subject palatable. For physics, a key 
problem is to accomplish this while retaining the confidence and 
credibility of the scientists. Paraphrasing what can ultimately only be 
expressed with mathematical precision can attract heavy dogmatic 
firepower. Researchers accustomed to peer review frequently get hold 
of the wrong end of the stick when confronted with a popular market. 

A successful play now running in London (p26) has shown that 
physics, given the right treatment, can have popular appeal. 
However, science communication ultimately has to come from sci
entists. Where Carl Sagan and Stephen Hawking whetted the public 
appetite for the incomprehensible, others have followed. With the 
prospect of fresh conceptual horizons, a new door is open. 
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Dark matter 

Don't be afraid 
of the dark 

Unveiling the nature of dark matter - matter revealing itself only via its gravitational 
interaction - is a continuous challenge in contemporary cosmology. The job of 

particle physics experiments is to search for the material of this vital but invisible matter. 
A recent meeting in Heidelberg surveyed the dark matter scene. 

Dark room - a session of the Second International Conference on Dark Matter in Astro- and Particle Physics in Heidelberg. 

The invisible dark matter of the universe weighs heavily on cosmol
ogy. However, whatever and wherever this invisible material is, it must 
be made of something, and the most plausible candidates are relic 
particles from the early phase of the universe (March p25). The 
search for dark matter, mostly using non-accelerator experiments, 
has become an established part of particle physics. 

These questions were examined when physicists from all over the 
world met in Heidelberg for the Second International Conference on 
Dark Matter in Astro- and Particle Physics (DARK98).The goal was to 
shed light on theoretical backgrounds from particle physics and cos
mology, to discuss the results of dark matter detection experiments 
and to examine future projects. 

The most compelling evidence for both baryonic (nuclear) and 
non-baryonic dark matter comes from observations of the rotation 
curves of galaxies. In particular, the rotation curves of dwarf spirals 
are completely dark matter dominated, pointed out Andreas Burkert 
(Heidelberg). The rotation curve of one of the best-measured dwarf 
spirals can only be fitted to theoretical predictions if both an outer 
cold dark matter halo and an inner spherical distribution of massive 
compact baryonic objects (MACHOs) is assumed. 

The search for MACHOs in the halo of our own galaxy - in the form 
of planets, white and brown dwarfs or primordial black holes -
exploits the gravitational microlensing effect - the temporary bright
ening of a background star as an unseen object passes close to the 
line of sight. For several years a number of groups have been moni
toring the brightness of millions of stars in the Magellanic clouds, as 
Kim Griest (San Diego) and Marc Moniez (Orsay) explained. 

MACHOs or WIMPs? 
Several candidates have already been detected and if interpreted as 
dark matter would make up half of the amount needed in the galac
tic halo. However, no stellar candidate seems to be able to explain 
the observations. MACHOs could be an exotic form of baryonic mat
ter, like primordial black holes, or they could be located outside the 
halo of our galaxy. 

The leading non-baryonic dark matter candidates are the so-
called weakly interacting massive particles (WIMPs). If WIMPs pop
ulate the halo of our galaxy, they could be detected directly in 
laboratory experiments, or indirectly through their annihilation prod
ucts in the halo - the centre of the Sun or Earth. 
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Dark matter 

Simulation of the GErmanium in Nitrogen Underground Setup 
(GENIUS) double beta decay and dark matter search using 
1 ton more of enriched germanium-76 in liquid nitrogen. 

Bias Cabrera (Stanford) gave an overview of the direct detection 
experiments.The goal is to look for the elastic scattering of WIMPs off 
nuclei in a low-background target detector.The Stanford Cold Dark 
Matter Search (CDMS) experiment, he explained, uses detectors of 
ultrapure germanium and silicon operated at a temperature of 
20 mK. The simultaneous measurement of both ionization and 
phonon signals allows nuclear recoil events to be differentiated from 
electron interactions - a very effective background suppression 
method. For the moment, the experiment is located at the Stanford 
Underground Facility, 10.6 m below ground, but the goal is to oper
ate the detector in the deep Soudan mine in Minnesota. 

The DAMA experiment, presented by Rita Bernabei (Rome), is run
ning 115.5 kg of sodium iodide detectors in the Gran Sasso under
ground laboratory near Rome. Its high statistics open the possibility 
of looking for WIMPs via a variation in the event rate owing to the 
movement of the Sun in the galactic halo and the Earth's rotation 
around the Sun. The analysis of about 13 kg/yr reveals a positive 
WIMP annual modulation signal, which meanwhile has been con
firmed with higher statistics from 54 kg/yr. However, a further con
firmation by DAMA and by other experiments must be awaited. 

The Heidelberg group reported on the two most sensitive germa
nium experiments - the Heidelberg-Moscow experiment and 
Heidelberg Dark Matter Search (HDMS) - both of which are located 
in the Gran Sasso Laboratory.The Heidelberg-Moscow experiment, 
which also searches for neutrinoless double beta decay in enriched 
germanium-76, currently gives the most stringent limits on 
WIMP-nucleon scattering for raw data. 

HDMS, a dedicated dark matter experiment, aims to improve this 

limit by one order of magnitude. Like the Heidelberg-Moscow experi 
ment, it looks for a small ionization signal inside a high-purity ger
manium crystal. 

With the expected sensitivity, HDMS will be able to test, like 
CDMS, the complete DAMA evidence region. The new project of the 
Heidelberg group, GENIUS, presented by Laura Baudis, aims for a 
sensitivity that is a thousand times as good as that of present exper
iments. GENIUS will operate in its dark matter version 40 "naked" 
germanium crystals (100 kg) in a 12 x 12 m tank of liquid nitrogen. 
Reaching the target sensitivity, it could test almost the complete 
parameter space predicted for certain supersymmetric particles, 
thus deciding whether WIMPs make up the dominant part of our 
galactic halo. 

Terrestrial indirect detection experiments search for high-energetic 
neutrinos as annihilation products of WIMPs in the centre of the Earth 
or the Sun.The MACRO experiment in Gran Sasso looks for an excess 
of neutrino-induced upward-going muons, explained Teresa Montaruli 
(Bah). No WIMP annihilation signal has been found, but the sensitiv
ity of the experiment sets stringent upper limits on the flux of upward-
going muons and thus excludes significant portions of the parameter 
space predicted for the supersymmetric particles. 

An alternative indirect signature for dark matter particles would be 
a distorted spectrum of secondary antiprotons owing to the pair 
annihilation of neutralinos in the halo. Pierre Salati (Annecy) com
pared the measured low-energetic antiproton flux by the BESS bal
loon experiment with theoretical predicted fluxes. While there is 
some room left for a possible signal of exotic origin, this cannot be 
seen as evidence for a supersymmetry-induced signal, he claimed. 
To disentangle such a signal from the secondary antiproton flux 
much more sensitive detectors, like the Alpha Magnetic Spec
trometer (AMS), are needed. 

Superheavy dark matter 
Recently a new class of dark matter candidates - superheavy dark 
matter - have emerged. If one gives up the assumption that the par
ticle was in thermal equilibrium in the early universe, explained 
Edward Kolb (Chicago), then its present abundance is no longer 
determined by annihilation and much heavier particles - the formi
dable sounding WIMPZILLAs - are allowed.There are two necessary 
conditions for WIMPZILLAs: they must be stable, or at least have a 
lifetime much greater than the age of the universe; and their inter
action rate must be sufficiently weak that thermal equilibrium with 
the primordial plasma was never obtained. Kolb presented a num
ber of ways in which such a particle could have been created, like 
gravitational production during the transition between an inflationary 
and a matter- or radiation-dominated universe, and during the 
defrosting phase after inflation. 

Like the new millennium, dark matter could be just around the 
corner. The next meeting - DARK2000 - will take place in 
Heidelberg. DARK98 was organized by H V Klapdor-Kleingrothaus 
(with Laura Baudis as scientific secretary) from the Max Planck 
Institut fur Kernphysik, Heidelberg. 

H V Klapdor-Kleingrothaus and L Baudis, Max Planck Institut 
fur Kernphysik, Heidelberg. 
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People 

On 26 March, President of the People's Republic of China Jiang Zemin (second from right) 
and Swiss President Ruth Dreifuss (third from right) visited the L3 experiment at CERN. 
With them were CERN director-general Luciano Maiani (second from left), L3 spokesman 
and 1976 Nobel prizewinner Sam Ting (right) and L3 physicist and Geneva University rector 
Maurice Bourquin (left). In 1985, Jiang Zemin, as Mayor of Shanghai, played a key role in 
organizing the production of BGO crystals at the Shanghai Institute of Ceramics. The 
crystals are a major part of the L3 experiment. 

Indian Atomic Energy Commission Chairman R Chidambaram (second from right) visited 
CERN on 17 March, accompanied by (left to right) Atul Gurtu and Vemuri Narasimham of 
Bombay's Tata Institute for Fundamental Research. He saw the progress of Indian 
contributions for the LHC machine and for the CMS experiment, where his host was CMS 
co-spokesman Jim Virdee (right). 

To find out how IRIS Explorer can increase 
your analysis capabilities, or to arrange a 
demo copy, contact NAG today: 
http://www.nag.co.uk/iriscc 

IRIS Explorer™ 
From data to understanding using visualisation. 

email: sales@nag.co.uk 
Tel: +44 (0)1865 511245 
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People/Obituaries 

G N Flerov prize 
In October, the Joint Institute for Nuclear 
Research will award the G N Flerov prize to the 
winner of the contest for outstanding research 
in nuclear physics.The contest is for individual 
participants only.The winner will also receive 
$1000. Participants should send an abstract 
of their research, enclosing copies of major 
contributions, to be received by 1 October, to 
Dr Andrew G Popeko, Joint Institute for Nuclear 
Research, Flerov Laboratory for Nuclear 
Reactions, Dubna, Moscow Region, 141980, 
Russia.Tel. (7 096) 21 65958. Fax (7 096) 
21 65083. E-mail "popeko@sunvas.jinr.ru". 

Enrico Fermi award 
Maurice Goldhaber wins a prestigious US 
Enrico Fermi award "for his lifetime of distin
guished research".This began in Rutherford's 
lab in Cambridge in 1934, when Goldhaber 
and Chadwick measured the mass of the 
newly discovered neutron. Another physics 
milestone was his widely admired 1958 
experiment at Brookhaven, with Grodzins and 
Sunyar, measuring the helicity of the neutrino, 
only two years after the elusive particle had 
first been observed. Goldhaber served as 
Brookhaven's director from 1961 to 1973. 

Meetings 
• Photon 99, the international conference on 
the structure and interactions of the photon, 
will be held in Freiburg, Germany, on 23-27 
May.The programme will cover photon 
structure, diffraction, resonance production 
and photon physics at a linear collider. Further 
information is available at"http://ruhp8. 
physik.uni-freiburg.de/p99/". 
• Tel Aviv University is organizing an 
international workshop that will address 
subject areas that are at the frontiers of QCD. 
Challenges in QCD will take place at Kfar 
Giladi, a kibbutz in northern Galilee, lsrael,on 
20-23 June. Further information is available 
at "http://www-nuclear.tau.ac.il/~qcd99/". 
• The International Workshop on Polarized 
Sources and Targets, PST99, will be held on 
29 September - 2 October in Erlangen, 
Germany.The programme will cover polarized 
ion sources and gas targets, polarized 
electron sources and polarized solid targets. 
For further information, contact E Steffens, 
Physikalisches Institut, Universitat Erlangen-
Nurnberg Erwin-Rommel-Str. 1, D-91058 
Erlangen, Germany.Tel. +49-9131 852 7093. 
Fax +49 9131 15249. E-mail "pst99@ 
physik.uni-erlangen.de". Internet "www.physik. 
uni-erlangen.de/pst99/". 

Glenn Seaborg 
1912-99 

US Atomic Energy Commission chairman 
Glenn Seaborg (right) and Fermilab founding 
director Bob Wilson brandish a shovel at 
formal groundbreaking for Fermilab in 1968. 

Glenn Seaborg, who shared the 1951 Nobel 
Prize for Chemistry with Edwin McMillan for 
their initial discoveries of the transuranic 
elements, died in February. 

After an initial degree in chemistry from 
UCLA, Seaborg moved to Berkeley for his 
graduate studies, earning his PhD in 1934 
under Ernest Lawrence for neutron research 
using the new cyclotron. 

Using a Berkeley cyclotron to bombard 
uranium with neutrons, McMillan and Philip 
Abelson discovered the first transuranic 
element, neptunium, and soon afterwards 
Seaborg and his colleagues supplied the first 
nuclei of the next element, plutonium. 
Seaborg also discovered its fissionable 239 
isotope and went on to play a major role in 
the wartime effort to manufacture plutonium 
for a bomb. With the weapon ready, Seaborg 
was in favour of a test demonstration rather 
than actually dropping the weapon. For the 
remainder of his life, he remained a staunch 
advocate of nuclear arms control and 
limitation. 

From 1961 to 1971 Seaborg was chairman 
of the US Atomic Energy Commission, then 
the main overseer of the national particle 
physics programme. During this time US parti
cle physics boomed, with the construction of 
major new laboratories around big machines. 

Some 36 students between the ages of 17 and 18 from schools in London and Stockholm 
recently visited CERN as part of their science studies. The idea was the brainchild of Erik 
Johansson of Stockholm and the Delphi experiment, and the highly successful visit was 
organized by Johansson and Christine Sutton of Oxford in their roles as Swedish and UK 
representatives of the European Particle Physics Outreach Group. 
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Obituaries 

Harry Lehmann 1924-98 
Harry Lehmann, who died of cancer in 
November, was the founder of theoretical 
particle physics in Hamburg, and over a 
period of 30 years he moulded the character 
of the If Institute of Theoretical Physics. He 
also contributed much to the shaping of DESY 

One of the founding fathers of modern 
quantum field theory, much of Lehmann's 
pioneer work in the 1950s was in collabor
ation with Kurt Symanzik and Wolfhart 
Zimmermann - the shorthand LSZ is still 
familiar to all elementary particle physicists. 
This formalism and the Lehmann represent
ation are among the most important basic 
tools of elementary particle theory. 

Born in Gustrow in 1924, Lehmann went to 
school in Rostock before being conscripted 
and shipped to North Africa, where he was 
taken prisoner in 1943 and taken to a camp 
in the US. Released in Stuttgart, he returned 
to his parents in Rostock, where he became a 
student of physics, later moving to the 
Humboldt University in Berlin. 

After doctoral work with Hund in Jena, East 
Germany, he moved in 1952 to the Max 
Planck Institute in G6ttingen,West Germany, 
which was presided over by Heisenberg. He 

never returned to the German Democratic 
Republic - his formal application for prolon
gation of leave was never answered. In 1956, 
after a year in Copenhagen, he accepted a 
prestigious professorship in Hamburg as a 
sucessorto Lenz. 

The destiny of high-energy physics in 
Hamburg was then being charted, with 
Willibald Jentschke pushing for the establish
ment of DESY Lehmann was a long-time 
member of DESY's scientific council, doing 
much to create and promote the Theory 
Division. He persuaded Kurt Symanzik and 
many other leading scientists to come to 
DESY. In the early 1960s he resisted a tempt
ing offer from Institute des Hautes Etudes 
Scientifiques (IHES), Bures-sur-Yvette. 

The development and scientific attraction of 
his institute was his personal ambition and he 
was extremely proud of its success.The insti
tute's Tuesday afternoon theoretical seminars 
have become legendary. Lehmann's criticism 
at these meetings could be quite aggressive, 
but towards young scientists he was benevo
lent and helpful. Junior scientists became 
fascinated by Lehmann's personality and 
behaviour, not to mention the unerring accur-

Harry Lehmann 1924-98. 

acy of his judgement. He was much appreci
ated as a teacher and examiner. 

Lehmann received many honours, including 
the Max Planck medal of the German Physical 
Society in 1967, the Dannie Heinemann prize 
of the American Physical Society in 1997 and 
the order Pour le merite. 

We remember him with gratitude. 
Gerhard Mack. 

Venedict P Dzhelepov 1913-99 
Renowned Russian scientist Venedict 
Petrovich Dzhelepov died suddenly on 
12 March. He was one of the founders of the 
Institute of Nuclear Problems (1948) and 
later of the Joint Institute for Nuclear Research 
in Dubna, where he was director (1956-88). 
From 1988 he was honorary director of the 
Laboratory of Nuclear Problems. 

His long career in science has many land
marks. In 1949 he constructed what was then 
the world's largest proton synchrocyclotron, 
reaching 680 MeV.This was later (1984) 
converted into a high-current phasotron with a 
shaped magnetic field. He obtained pioneer 
data in nucleon-nucleon and pion-nucleon 
interactions, in the capture of negative muons 
by protons, and in the electron decay of nega
tive pions. 

New results were achieved in the multiple 
production of strange and neutral particles 
and in hypercharge exchange reactions. 
Dzhelepov was the first to obtain the funda

mental, now classical, experimental results on 
muonic molecules and the muon-catalysed 
nuclear fusion of heavy hydrogen isotopes. 
The USSR Academy of Sciences awarded him 
the IV Kurchatov gold medal and prize for 
these investigations. 

Dzhelepov was also well known for his work 
on high-current accelerator complexes in the 
the 0.8-1.5 GeV range based on isochronous 
cyclotrons. He initiated and supervised the 
construction of Russia's first medical physics 
complex, based on the synchrocyclotron of 
the Laboratory of Nuclear Problems, for the 
proton treatment of cancer and for space 
medicine. 

He was 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 Russian State 
prizes. As a member of IUPAP commissions, 
and ICFA and editorial boards of highly 

Venedict P Dzhelepov 1913-99. 

authoritative scientific journals, he made a 
substantial contribution to the development of 
the international scientific co-operation. Many 
eminent sientists in Russia and other coun
tries learned much from working with him. 
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T e n u r e T r a c k F a c u l t y P o s i t i o n 
Exper imenta l H i g h Ene rgy Physics 

Carnegie Mel lon Univers i ty 

The Department of Physics at Carnegie Mellon 
University invites applications for a junior tenure track 
faculty position in the area of experimental particle 
physics. The present program consists of experiment 
781 at Fermilab, R & D for the B T e V detector at 
Fermilab, the L3 experiment at C E R N , and the C L E O 
I I I experiment at Cornell. We are also engaged in work 
in the CMS collaboration for the L H C . 

Applicants for the position should have postdoctoral 
experience and demonstrated ability in both 
instrumentation and analysis. The successful candidate 
is expected to assume a leadership role in his/her 
experimental involvement during the coming decade. 
Applicants should also be committed to excellence in 
graduate and undergraduate education. 

The position is nominally available for September, 
2000, but an earlier starting time might be arranged. 
Applications and three (3) letters of recommendation 
should be sent before October 15, 1999, to: 

High Energy Search Committee 
ATTN: Prof. James Russ 
Department of Physics 
Carnegie Mellon University 
Pittsburgh, PA 15213, USA 
(e-mail: russ@cmphys.phys.cmu.edu) 

Reply may be by email, followed by paper copy. 
Carnegie Mellon is an equal opportunity/affirmative action employer 

The N E S T O R Institute for Deep Sea Research 
Technology and Neutrino Astroparticle Physics 
is seeking applications for three TENURE T R A C K positions. 

Qualifications for the positions include : 

I. Ph.D. in Experimental Physics (Elementary Particles or Nuclear Physics 
or Astrophysics). 2. An Application in English or Greek. 3. Official 
copies of diplomas. 4. A detailed CV. 5. An official copy of the military 
service status (Greek male citizens only). 6. Citizenship of a European 
Union Country is required. 

The NESTOR Institute for Deep Sea Research Technology and 
Neutrino Astroparticle Physics is an Independent Research Center 
under the supervision of the General Secretariat for Research and 
Technology of the Ministry of Development of Greece. It invites 
candidates for three entry level TENURE Track Researcher positions. 
After an initial 3 year appointment, successful candidates will be 
promoted and extended for an additional 3 years following which they 
can apply for tenure. 

Greek and English are the working languages of the Institute. E.U. citizens 
are encouraged to apply. 

The deadline for receipt of the applications in May 31, 1999. 
For more information please contact: 

http://solon.cc.uoa.gr/-nestor/ or NESTOR Institute 
G R - 24001 -Pylos, GREECE 
Tel. (30 723) 23300, (30 I) 3646451, 3633413 
Fax. (30 723) 23300, (30 I) 3633413 
email: L.Resvanis@cern.ch or secretar@digital.ipn.uoa.gr 

T e n u r e - T r a c k F a c u l t y P o s i t i o n 
E x p e r i m e n t a l H e a v y - I o n P h y s i c s 
U n i v e r s i t y o f I l l i n o i s a t C h i c a g o 

The Physics Department at the University of Illinois at Chicago invites 
applications for a tenure-track faculty position in Experimental Relativistic 
Heavy-Ion Physics. The candidate should have a Ph.D. and demonstrated 
outstanding research ability as well as a strong interest in teaching. 

The successful candidate will be expected to carry out experimental research 
in the general area of relativistic heavy-ion collisions. Current efforts in this 
area include experimental work on experiment E917 at the BNL-AGS and 
the PHOBOS experiment at the RHIC (http://rudipc.phy.uic.edu/hehigroup/). 

Applicants should submit a resume and arrange for three letters of 
recommendation to be sent to Professor Inder P. Batra, Head, Physics 
Department M/C 273, University of Illinois at Chicago, 845 W. Taylor St., 
Chicago, IL 60607-7059. 

For full consideration, applications 
should be received by June 1st, 1999. UIC is an AA/EOE. 

T E X A S A & M U N I V E R S I T Y 
POST DOCTORAL POSITION IN EXPERIMENTAL HIGH ENERGY PHYSICS 

The Experimental High Energy Physics group in the Physics Department at Texas 
A&M University has an opening for an assistant research scientist to work on the 
new long baseline neutrino experiment, MINOS (Main Injector Neutrino 
Oscillation Search), being planned for Fermilab. 
Construction of MINOS is just beginning with the anticipation that first beam to 
this experiment will be available in calendar 2002.The appointee to this position 
will participate in our group's R&D and construction activities on the scintillator 
strip tracking calorimeter system. Applicants must have a Ph.D. in physics with a 
background in experimental high energy physics, with experience in detector 
design/construction, data acquisition and data analysis. Interested applicants 
should submit a curriculum vitae and current bibliography,along with at least 
three professional references to: 
Professor Robert CWebb, Physics Departmentjexas A&M University, College 
Stationjexas 77843-4242 or by e-mail webb@heprb.physics.tamu.edu 
Further information about this position and our group's activities may be 
found at http://hepr5.physics.tamu.edu/home1.htm. 

Texas A&M is an .affirmative action/equai opportunity employer. Committed to excellence 
through diversity, Texas A&M University particularly invites applications from minorities, 

women, veteran and persons with disabilities. 

mailto:russ@cmphys.phys.cmu.edu
http://solon.cc.uoa.gr/-nestor/
mailto:L.Resvanis@cern.ch
mailto:secretar@digital.ipn.uoa.gr
http://rudipc.phy.uic.edu/hehigroup/
mailto:webb@heprb.physics.tamu.edu
http://hepr5.physics.tamu.edu/home1.htm


COLLEGE DE FRANCE 
POST-DOC POSITION 

Applications are invited for a postdoctoral position in the area of 
experimental R&D of the solar neutrino experiment HELLAZ, 
starting September or October 1999 at the College de France, 
located in the heart of Paris. 

The mystery of the missing solar neutrinos can only be solved by 
measuring their spectrum with a low threshold and a high energy 
resolution in a reaction with an accurately known cross-section. 

H E L L A Z fulfils these goals by detecting the solar neutrinos in a 2000 
m3 TPC filled with Helium at 10 bar and 150°K by neutrino-electron 
elastic scattering. The high resolution is obtained by detecting each 
ionisation electron of the scattered electron track, hence, the chamber 
at the end of the TPC must be extremely fast and work with a high 
gain. Low radioactivity materials are also studied. 

The successful candidate will play a major role in a 15 people team. 
He should be familiar with neutrino physics, gaseous detectors and 
data acquisition. 

Interested candidates should submit an application consisting of 
a curriculum vitae, copies of university degrees and a publication 
list They should arrange to have three letters of recommendation 
sent directly to: 

Philippe Gorodetzky, PCC-College de France, 
11 place Marcelin Berthelot, 75005 Paris, France. 
<gorodetzky @ cdf.in2p3.fr> 

P O S T - D O C T O R A L 
Resumes are inv i ted for a post-doc

toral posit ion in Radiat ion Safety and 
R a d i a t i o n Measurements at A r g o n n e 

Na t i ona l L a b o r a t o r y ' s A d v a n c e d P h o t o n 
Source. The program consists o f developing new 
experimental techniques to characterize the photon 
and neutron radiation environment, especially the 
h igh energy photoneutron environment, on the ex
periment f loor. The appointee w i l l participate in the 
data col lect ion and analysis, and compare the re
sults w i th the exist ing mode l predictions. E x p e r i 
ence w i th U N I X operating systems and program
ming experience in C is necessary. Candidates must 
have a Ph .D . in Phys ics/Heal th Physics, received 
not more than 3 years pr ior to the start date o f the 
appointment w i t h experience in similar work proven 
by publications. A C V w i t h publ icat ion list and 
contact information o f three references should be 
sent to Susan Walker , B o x X F D P D P K - 6 0 , E m 
p loymen t and P lacement , A r g o n n e N a t i o n a l 
Labora to ry , 9700 S. Cass A v e n u e , 
A rgonne , I L 60439. F a x : 630-252-
9388. T D D : 630-252-7722, or for 
additional technical in format ion, e-
mai l to: pk j@aps.an l .gov 

Argonne is an affirmative action/equal opportunity employer. 

PAUL SCHERRER I N S T I T U T 

The Paul Scherrer Institute (PSI) is a national, multi-disciplinary 
research center engaged in a diverse program of basic and 
applied sciences. As part of the Division Particles and Matter our 
Instrumentation Group has a position for an 

E n g i n e e r 
to participate in design and construction of particle detectors and 
associated hardware. Responsibilities include development and 
design (electro-) mechanical components used in particle physics 
experiments and evaluation of novel materials and techniques in 
detector construction. The applicant will also be expected to assist 
in setup and running of experiments at the accelerator. 

W e are looking for an engineer (B.Sc.) or a very experienced 
technician (technical school) with a strong interest in mechanics as 
well as in electronics, who thrives on working in a small and 
efficient team. 

For any further information please contact Dr. J . Egger 
(Tel. +41 56 310 36 71, e-mail Johny.Egger@psi.ch) or Dr.W.-D. 
Herold (Tel. +41 56 310 42 40, e-mail Herold@psi.ch). 

Please send your detailed application to: 

PAUL SCHERRER INSTITUTE, Personnel Division, 
ref. code 1413-01, CH-5232 Villigen PSI, Switzerland 

R E S E A R C H A S S O C I A T E P O S I T I O N S 
Exper imental H igh Energy Physics 

Carnegie Mel lon Universi ty 

The Department of Physics at Carnegie Me l lon 
University invites applications for two postdoctoral 
Research Associate positions in experimental h igh 
energy particle physics. The two individuals who f i l l 
these positions w i l l work on our C L E O program at 
C E S R , beginning in September 1999. The successful 
candidates w i l l be based at the Cornel l Synchrotron, 
in Ithaca N Y , and w i l l be expected to play a major 
role in the successful commissioning of the physics 
program for the C L E O I I I detector. They w i l l also be 
involved in the analysis of the existing C L E O I I data, 
consisting of 10 mil l ion B pairs and extensive 
samples of charm and tau events. Interested 
candidates should submit a letter of appl icat ion, 
curriculum vitae, and list of publications, and 
arrange to have three letters of recommendation sent 
to: 

Professor Roy Briere 
Department of Physics 
Carnegie Mel lon Universi ty 
Pittsburgh, P A 15213, U S A 
(e-mail: briere@mail.lns.cornell.edu) 

The application and recommendations can be sent 
either by normal or electronic mail . Rev iew of 
applications w i l l begin on July 1, 1999 and continue 
until the positions are fi l led. 

Carnegie Melton is an equal opportunity I affirmative action employer 
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University of Bielefeld 

Professorship (C-4) in Theoretical Physics 
The Department of Physics invites applications for a professorship 
in Theoretical Physics (chair of D. Schildknecht), with specialisation 
Elementary Particle Theory. The appointment will be made for 
August 1, 2000. 

Candidates should have a record of successful research on the 
important physical questions of the field. They should be willing 
to participate in the research group on statistical aspects of 
elementary particle physics maintained at the University of Bielefeld 
by the German National Research Foundation (DFG). 

The successful applicant will participate in the general teaching 
duties of the department, in particular in theoretical physics. It is 
therefore expected that candidates have the necessary interest 
and pedagogic skill for this. 

Prerequisites are a doctorate in physics and 'Habilitation' or 
sufficient proof of scientific achievements. 

The University of Bielefeld aims to increase the fraction of women 
on its staff and therefore invites in particular applications from 
qualified women; in case of equal qualifications, they will be given 
preference. 

Applications should be sent until June 30, 1999, to 

Dekan der Fakultat fur Physik 
Universitat Bielefeld 
Postfach 10 01 31 , < ^ u \ 
D-33501 Bielefeld 
Germany 

POSTDOCTORAL RESEARCH ASSOCIATE 
Boston Univers i ty 

M u o n (g-2) Experiment 
T H E BOSTON UNIVERSITY INTERMEDIATE ENERGY PHYSICS GROUP IS SEEKING A 
POSTDOCTORAL PHYSICIST IN PARTICLE OR NUCLEAR PHYSICS TO WORK ON THE MUON (G-2) 
EXPERIMENT AT THE BROOKHAVEN A G S . 
T H E MUON (G-2) EXPERIMENT RECENTLY FINISHED ITS FIRST PRODUCTION DATA RUN AND 
WILL RUN AGAIN IN 2000 AND 2001. 
T H E SUCCESSFUL CANDIDATE WILL HAVE THE OPPORTUNITY TO LEAD IN ONE OR MORE OF: 
MONTE CARLO SIMULATIONS, DATA ANALYSIS, DETECTORS, ELECTRONICS, BEAM DYNAMICS 
AND THE MUON KICKER, AS WELL AS IN THE DEVELOPMENT OF FUTURE EXPERIMENTS. 
T H E POSITION IS OPEN IMMEDIATELY. T H E INITIAL APPOINTMENT WILL BE FOR ONE YEAR, 
RENEWABLE FOR TWO ADDITIONAL YEARS, SUBJECT TO MUTUAL AGREEMENT AND THE 
AVAILABILITY OF FUNDING. 
CURRICULUM VITAE AND THREE LETTERS OF REFERENCE SHOULD BE SENT TO PROFS. J . 
MILLER AND L. ROBERTS, DEPARTMENT OF PHYSICS, BOSTON, M A 02215, OR EMAIL 
ROBERTS@BU.EDU. 

Boston University is an affirmative action/equal opportunity employer. 
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Research Center 
Brookhaven National 

Laboratory 

SCIENTIFIC STAFF POSITIONS 
Exper imenta l Part ic le and Nuclear P h y s i c s 

A research center focusing on the physics program of 

the Relativistic Heavy Ion Collider (RHIC), hard QCD/spin 

physics, lattice QCD and relativistic heavy ion physics, 

including theory and experiment, has been established 

by the Institute of Physical and Chemical Research, 

Japan (RIKEN) at the Laboratory. RHIC will be the first 

polarized proton collider, beginning in 2000, and the 

center will play a major role in developing the RHIC spin 

program. RIKEN-BNL Fellow (up to five-year appoint

ment) and Postdoctoral Research Associate (two-year 

appointment) positions will be offered for the fall of 1999. 

Members of the experimental division of the Center 

will have the opportunity to participate in the detector 

program at RHIC. 

Scientists with appropriate background who are interested 

in applying should send a curriculum vitae and three 

letters of reference to Dr. T.D. Lee, Bldg. 51 OA, Brookhaven 

National Laboratory, P.O. Box 5000, Upton, NY 11973-

5000 before June 30, 1999. Brookhaven is an equal 

opportunity employer committed to workforce diversity. 

B R O O K H A V E N N A T I O N A L L A B O R A T O R Y 

Visit our website at: www.bnl.gov 

P O S I T I O N S I N H A D R O N P H Y S I C S 
at Forschungszentrum Rossendorf 

The FZR at Dresden has openings (for 2 years, renewable) in a 
research program on properties of hadron and dense hadronic matter, 
using GeV protons and heavy ions at the synchrotrons SIS and COSY. 

From strange mesons and di-leptons as probes results are obtained 
with interesting consequences for the understanding of neutron stars 
and supernovae. 

Successful applicants will participate in detector development in data 
taking and analysis and in the interpretation of the results; if wanted 
these may be used for a Ph.D.-thesis atTU Dresden. 

Interested scient ists s h o u l d s e n d a C V to: 
Prof. B. Kaempfer, F Z R , PF-510119, D-01314 Dresden; 
information at w w w . f z - r o s s e n d o r f . d e / F W K / . 

Are you looking for... 
• Bio/Medical Physicists • Radiologists • Electrical Engineers • Software Developers 

» Technical Editors • Cosmologists • Subatomic, Nuclear, Particle, Astro, High, Medium and Low Energy Physicists. 

For further information and professional recruitment advice contact Chris Thomas 
Tel: +44 (0)117 9301031 Fax: +44 (0)117 9301178 

E-mail: chris.thomas@ioppublishing.co.uk 

mailto:roberts@bu.edu
http://www.bnl.gov
http://www.fz-rossendorf.de/FWK/
mailto:chris.thomas@ioppublishing.co.uk


Experimental Research 
Associates 

The Stanford Linear Accelerator Center (SLAC) is one of the 
world's leading laboratories supporting research in high-energy 
physics. The laboratory's program includes the physics of high-
energy electron-positron collisions, high-luminosity storage 
rings, high-energy linear colliders, and particle astrophysics. 
Postdoctoral Research Associate positions are currently available 
with opportunities to participate in the laboratory's research pro
gram, with particular emphasis on: 
• Preparing for B physics with the BABAR detector at the 

PEP II Asymmetric B Factory, helping to tune up the BABAR 
Detector hardware and software for operations and to get 
ready for physics analysis 

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

These positions are highly competitive and require a back
ground of research in high-energy physics and a recent Ph.D. 
or equivalent. The term for these positions is two years and may 
be renewed. 
Applicants should send a letter stating their physics research 
interests, along with a CV and three references, to: Tanya Boysen, 
tkb@slac.stanford.edu, Research Division, M/S 80, SLAC, P.O. 
Box 4349, Stanford, CA 94309. Equal opportunity through affir
mative action. Visit our Web site at: www.sIac.stanford.edu. 

Stanford Linear 
Accelerator Center SLAC 

S O U T H E R N M E T H O D I S T U N I V E R S I T Y 

FACULTY POSITION 
The Department of Physics at Southern Methodist University in 
Dallas invites applications for a tenure track assistant professorship 
in the area of experimental high energy physics beginning August, 
2000. 

Applicants should have had postdoctoral experience in one or more 
frontier experiments and should have high potential for playing a 
leadership role in future experiments. The successful candidate will 
be expected to teach at the undergraduate and graduate levels and 
to conduct an active research program. 

Currently, the SMU group is involved in the CLEO and ATLAS 
experiments. Applicants should submit a detailed curriculum vitae, 
list of publications, statement describing their research and 
teaching interests and should arrange for at least three letters of 
reference to be sent to: 

Faculty Search, c/o Ms. Carol Carroll, Department of Physics, 
Southern Methodist University, Dallas TX 75275-0175 

The committee will begin its review of the applications on or about 
September 1,1999. To ensure full consideration, applications 
should be postmarked by September 1, 1999, but the committee 
will continue to accept applications until the position is filled. 

SMU will not discriminate on the basis of race, color, religion, 

national origin, sex, age, disability, or veteran status. 

R E S E A R C H A S S O C I A T E P O S I T I O N 
H I G H E N E R G Y P H Y S I C S 

T H E O H I O S T A T E U N I V E R S I T Y 

The experimental high energy physics group at The Ohio State 
University invites application for a postdoctoral research associate 
position with our CLEO/ATLAS program. In the CLEO program, we 
are involved in both the ongoing date analysis effort in heavy flavor 
physics and the CLEO III upgrade program where we have major 
responsibilities for the design and implementation of the silicon 
vertex detector and the data acquisition system. For the ATLAS 
program, we are involved in the design and prototyping of the 
optical electronics and packaging for the pixel detector. 
Interested candidates should send a letter of application, vitae, 
list of publications, and three letters of recommendation to 
Professor. K. K. Gan, The Oh io State University, Department of 
Physics, 174 West 18th Avenue, Columbus, Ohio 43210-1106, or 
email: GAN@ohstpy.mps.ohio-state.edu. 

The Ohio State University is an equal opportunity employer and 
we actively encourage applications from women and minority 
candidates. 

UNIVERSITY OF PITTSBURGH 
The High Energy Group invites applications for a postdoctoral research position. 
The position offers opportunities for participation in three experiments; 
ATLAS, MINOS, and NuTeV. 

For more information see http://ariel.phyast.pitt.edu/-naples/job.html 
Curriculum vitae and three letters of recommendation should be sent to: 

Professor W. E. Cleland, Department of Physics, University of Pittsburgh, 
Pittsburgh, PA 15260. email:cleland@vms.cis.pitt.edu 

Phone: 412-624-9059 Fax: 412-624-9163 

Review of applications will begin on May 1, 1999 and continue until the position is 

filled. University of Pittsburgh is an affirmative action/equal opportunity institution. 

NORTHWESTERN 
UNIVERSITY 

P O S T - D O C T O R A L POSIT ION 
We have an opening for a postdoctoral research associate to 
participate in the DO experiment at Fermilab. 

We have recently completed a run (Run I) of over 100 pb-1 of 
proton-antiproton collisions at a center-of-mass energy of 1.8 
TeV. Both the Tevatron and the DO detector are currently being 
upgraded for a run (Run II) to start in 2000. 

Northwestern University is located just north of Chicago, 45 
miles from Fermilab. It is possible to enjoy the advantages of 
living in a college town (or Chicago) and still participate fully in 
the activities at Fermilab. 

Candidates should send a CV and arrange for three letters 
of reference to be sent to either David Buchholz or Heidi 
Schellman at Northwestern University, Department of 
Physics and Astronomy, 2145 Sheridan Road, Evanston, IL 
60208-3112 or via e-mail to: dbuchholz@nwu.edu 
or to: schellman@fnal.gov 

Applications should be sent by June 1, 1999. 

Northwestern University is an equal opportunity employer. 
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tend the premier annual symposium an materials, surfaces, interfaces, and processes! 

American Vacuum Society 
46th International Symposium 
October 25-29, 1999, Seattle, WA 

Eight technical division programs wi l l be held on 
issues related to films, microelectronics, nanostmctures, 
processing, surfaces, and vacuum, including: 

• 
• 
• 
• 
• 
• 
• 

Applied Surface Science. 
Electronic Materials and Processing. 
Nanometer-Scale Science and Technology. 
Plasma Science and Technology. 
Surface Science. 
Thin Films. 
Vacuum Metallurgy. 
Vacuum Technology. 

In addition, the week-long annual symposium wi l l feature: 

Three Technical Croup Programs 
• Biomaterial Interfaces. 
• Magnetic Interfaces and Nanostmctures. 
• Manufacturing Science and Technology. 

Four Topical Conferences 
• Emerging Opportunities and Issues in Nanotubes 

and Nanoelectronics. 
• Flat Panel Display. 
• Science of Micro-electromechanical Systems. 
• Organic Electronic Materials. 

SO Short Courses 
• Applied Vacuum Technology. 
• Surface Analysis and Materials Characterization. 
• Materials, Thin Films, and Coatings: Processing 

and Properties. 

150+ Exhibitors 
• Vacuum and Deposition Equipment. 
• Analysis Systems. 
• Vacuum-Related Services. 

For more information on the symposium, 
visit the A V S Web site at http://www. 
vacuum.org or contact the A V S , 
212-248-0200, fax 212-248-0245, 
e-mail avsnyc@vacuum.org. S E A T T L E 
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NOVEMBER 29-
DECEMBER 3 
BOSTON 
MASSACHUSETTS 
HYNES CONVENTION 
CENTER 

and 
BOSTON MARRIOTT 
COPLEY PLACE 

Exhibit: 
November 30-
December 2 

The MRS 1999 Fall Meeting will serve as a key forum for discussion of interdisciplinary 
leading-edge materials research from around the world. 

Various meeting formats—oral poster, round-table, forum and workshop sessions— 
are offered to maximize participation. 

1999 M R S F A L L M E E T I N G S Y M P O S I A 

A: Multiscale Phenomena in Materials—Experiments 
and Modeling 

B: Computational Approaches to Predicting the Optical 
Properties of Materials 

C: Miaostructural Modeling for Industrial 
Metals Processing 

D: New Advances in Materials Prediction 
E: Nucleation and Growth Processes in Materials 
F: Nanophase and Nanocomposite Materials III 
G: Nonlithographic Approaches to Micro- and Nanoscale 

Organization 
H: Molecular Electronics 
I: Self-Organized Processes in Semiconductor Alloys— 

Spontaneous Ordering, Composition Modulation, and 
3-D Islanding 

J: Advanced Materials and Techniques for 
Nanolithography 

K: Thermal Spray—Materials Synthesis by Thermal 
Spraying 

L: Fundamental Mechanisms of Low-Energy-Beam-
Modified Surface Growth and Processing 

M: Interfacial Engineering for Optimized Properties II 
N: Atomic Scale Measurements and Atomistic Models of 

Epitaxial Growth and Lithography 
0: Substrate Engineering—Paving the Way to Epitaxy 
P: Optical Microstructural Characterization of 

Semiconductors 
Q: Advances in Materials Problem Solving with the 

Electron Microscope 
R: Applications of Synchrotron Radiation Techniques to 

Materials Science 
S: Nondestructive Methods for Materials 

Characterization 

Structure and Electronic Properties of Ultrathin 
Dielectric Films on Silicon and Related Structures 
Amorphous and Nanostructured Carbon 
Thin Films—Stresses and Mechanical Properties VIII 
GoN and Related Alloys 
Frontiers of Materials Research 
Ferroelectric Thin Films VIII 
Thin Films for Optical Waveguide Devices 
Materials Science of Food— 
Processing-Structure-Property Relationships 
Electrical, Optical, and Magnetic Properties of Organic 
Solid-State Materials V 
Complex Fluids and Polymers 
Mineralization in Natural and Synthetic Biomaterials 
Materials Science of Phospholipid Assemblies 
Electroactive Polymers 
Transport Properties and Microstructure of 
Cement-Based Systems 
Superplasticity—Current Status and Future Potential 
Superconducting Materials—Properties, Crystal 
Chemistry, and Processing 
Magnetoresistive Oxides and Related Materials 
Materials Issues for Tunable RF and Microwave 
Devices 
Smart Materials 
: Materials Science of Microelectromechanical System 
(MEMS) Devices II 
Chemical Processing of Dielectrics, Insulators, and 
Electronic Ceramics 
Infrared Applications of Semiconductors III 
Materials for Optical Limiting III 
Scientific Basis for Nuclear Waste Management XXIII 

1999 M R S F A L L M E E T I N G A C T I V I T I E S 

SYMPOSIUM TUTORIAL PROGRAM 
Available only to meeting registrants, several tutorials will 
concentrate on new, rapidly breaking areas of research. 

EXHIBIT 
Over 275 international exhibitors will display a full 
spectrum of equipment, instrumentation, products, software, 
publications, and services. 

PUBLICATIONS DESKS 
A full display of over 600 books, plus videotapes and 
electronic databases, will be available at the MRS 
Publications Desks. 

SYMPOSIUM ASSISTANT OPPORTUNITIES 
Graduate students planning to attend the 1999 MRS Fall 
Meeting may apply for a Symposium Assistant (audio
visual aide) position. 

JOB CENTER 
A Job Center for MRS members and meeting attendees 
will be open Tuesday through Thursday. 

F o r a d d i t i o n a l m e e t i n g i n f o r m a t i o n . . . 

..or to request a detailed 1999 MRS Fall Meeting Program, contact: 

| Materials Research Society 
| Member Services 

506 Keystone Drive, Warrendale, PA 15086-7573 
Tel: 724-779-3003 • Fax: 724-779-8313 
E-mail: info@mrs.org • Website: www.mrs.org 

990045 

http://www
http://vacuum.org
mailto:avsnyc@vacuum.org
mailto:info@mrs.org
http://www.mrs.org


Bookshelf 

Bookshelf 
• Conceptual Foundations of Quantum Field 
Theory, edited byTian Yu Cao, Cambridge 
University Press 0 521 63152 1 (hbk 
£60/$J00). 

Tian Yu Cao's book Conceptual 
Developments of 20th Century Field Theories, 
published in 1997, was hailed in many quar
ters as a masterpiece.The same careful 
thinking is evident in this book, the result of a 
conference held at Boston University in 1996. 

Boston (particularly Harvard) has long been 
a cradle of field theory, even during the dark 
years when the subject was not fashionable, 
and many key figures attended the event.The 
idea was for leading field theorists, philoso
phers and historians to present their insights 
and views. Participants included Sidney 
Coleman, David Gross, Sheldon Glashow, 
Steven Weinberg and Arthur Wightman. 

All of these figures also participated in a 
lively concluding round-table discussion that 
was moderated by Stanley Deser.The follow
ing extract from this discussion underlines the 
scholarship and entertainment that the meet
ing provided. 
Gross: Actually, I wanted to answer [the] ques
tion about what question I would ask 
God...There are two answers..The first is a 
kind of joke. I'd paraphrase Gertrude Stein 
and ask "What's the question?', because in 
some sense that's really the hardest thing in 
physics: to ask the right question. In explain
ing to me the question, He would have to 
explain all the answers I would like to know. 
Deser: He's subtle. We don't know what He 
would say. 
Gross: The other question is one that from the 
point of view of particle physics seems to be 
the most mysterious...that is, "Why is the 
cosmological constant zero or so small?" 
Weinberg: I think we all always keep raising 
the same question, which is why things are the 
way they are. 
Deser: Sure, but there are some things which 
are more "the way they are" than others. And 
it's not clear to me why the cosmological 
constant is picked on specifically as being -
Weinberg: It's a lot of orders of magnitude. 
Deser: No, I understand that. 
Coleman: 120 orders of magnitude between 
the rough order of magnitude and the experi
mental observation. 

Deser: That should tell you that it can't be the 
fundamental problem. But anyway, that would 
take longer to discuss. Shelly, what would you 
like to ask God, or do you know all the 
answers? 
Glashow: I'm working at that...One question: 
"Why is the top quark so heavy?" 
Deser:That's a good question. You don't care 
about the tau lepton? 
Weinberg: Yeah, I would have said, you know, 
that's the easy one, because that's the mass 
you would expect. 
Coleman: Why are the others so light? 
Gross: Why is the neutrino so light? 
Glashow: Yeah, well, you start off with the easy 
questions, see. 
Weinberg: Why is the electron so light? That's 
really hard. I mean, the electron is the mysteri
ous particle, not the top quark. 
Deser: Anyway, why is this difference of 
emphasis important? 
Weinberg: Well, it does direct the way you 
think. I mean, some people think you have to 
give the top quark new kinds of interactions 
which are different from the other particles. 
And other people think you have to invent new 
symmetries that keep the light quarks light. 
I'm not sure, obviously, which is right, but there 
is a difference. 
Glashow: Steve, we're asking the same ques
tion: "Why is there this little, curious factor of 
105 between the mass of the lightest particle 

and the mass of the heavier particle?" 
Weinberg: Yeah, that's the right one to ask. 
And it really is an amazing thing. 
Deser: And you have no leptonic questions? 
Weinberg: Same question. 

• Detectors for Particle Radiation by Konrad 
Kleinknecht, Cambridge University Press 
0521 64854 8 (pbk $19.95/$34.95), 
0 521 64032 6 (hbk £52.50/$80). 

The second edition of this popular text has 
been updated with the inclusion of recent 
detector developments and a presentation of 
modern experimental facilities. 

The excellent introduction provides a 
thorough discussion of the physics principles 
of detectors, including, for example, such 
modern treatments as the Photoabsorption 
Model for the energy loss.This recommend-
able approach provides the reader with a 
basis for understanding and evaluating 
detector behaviour. 

The subsequent chapters focus in turn on 
different types of measurement (position, 
time, particle identification, momentum, 
energy). Within each broad topic the full range 
of the relevant detectors is analysed. The text 
is complete, yet compact and authoritative. A 
wealth of equations guides the reader to an 
analytical understanding of detectors. 

One important subject - energy measure
ment - would merit a more extensive 
discussion. A more systematic analysis of the 
various contributions to the energy resolution 
would demonstrate that these detectors too 
can be understood from first principles. 

One of the big successes of particle physics 
detectors is their increasing range of appli
cations in other areas.The description of 
these applications, although short and less 
complete than this success merits, should be 
applauded. 

The book is illustrated throughout with 
instructive diagrams of fine quality. Only the -
admittedly difficult - illustration of large 
detector facilities will probably leave the 
novice unsatisfied. A complete list of refer
ences covering approximately 30 years of 
research and development provides ready 
access to the source literature. 

This volume will serve the apprentice exper
imentalist as an attractive introduction and 
the seasoned physicist as a fine reference. 
The publishers should be congratulated for 
issuing this text in paperback. 
CWFabjan, CERN. 
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