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Nobel Prize for Physics 1999 
The last Nobel Prize for Physics this century 
goes to Gera rdus ' t Hooft of Utrecht and Mar-
t inusVel tman of Bilthoven in the Nether lands, 
"for elucidating the quantum structure of 
electroweak interactions in physics". 

Exactly 20 years ago the Nobel prize went to 
Sheldon Glashow, Steven Weinberg and Abdus 
Sa lam for their contributions to the 
electroweak theory - the unified theory of 
weak and electromagnetic interactions, which 
was first publ ished in 1967. It w a s ' t Hooft 's 
and Veltman's work that put this unification on 
the map, by showing that it was a viable 
theory that could make predict ions possible. 

Field theories have a habit of throwing up 
infinities that at first sight make sensible 
calculat ions diff icult.This had been a problem 
with the early forms of quantum electrody­
namics and was the despair of a whole 
generat ion of physicists. However, its reformu­
lation by Richard Feynman , Jul ian Schwinger 
and S in- Ich i roTomonaga (Nobel pr izewinner 
1965) showed how these infinities could be 
wiped clean by redefining quantit ies like 
electric charge. 

Each infinity had a clear origin, a specif ic 
Feynman d iagram, the skeletal legs of which 
denote the particles involved. However, the 
new form of quantum electrodynamics 
showed that the infinities can be made to 
disappear by including other Feynman dia­
grams, so that two infinities cancel each other 
out .Th is trick, difficult to accept at first, works 
very wel l , and renormalization then became a 
way of life in field theory. Quan tum electrody­
namics became a powerful calculator. 

For such a field theory to be viable, it has to 
be " renormal izab le" .The synthesis of weak 
interactions and elect romagnet ism, devel ­
oped by Glashow, Weinberg and Sa lam, and 
incorporating the now famous "H iggs" s y m m e ­
try-breaking mechan ism, at first sight did not 
appear to be renormal izable. With no assur­
ance that meaningful calculat ions were 
possible, physicists attached little importance 
to the development. It had not yet warranted 
its "e lectroweak" unification label. 

The model was an example of the then 
unusual "non-Abe l ian" theory, in which the 
end result of two field operat ions depends on 
the order in which they are appl ied. Until then , 

Ge ra rdus ' t Hooft of Utrecht. 

field theories had always been Abel ian, where 
this order does not matter. 

In the summer of 1970, 't Hooft, at the t ime 
a student o fVe l tman in Utrecht, went to a 
physics meeting on the island of Corsica, 
where special ists were discussing the latest 
developments in renormalization theory, 
't Hooft asked them how these ideas should 
be appl ied to the new non-Abel ian theories. 
The answer was : "If you are a student of 
Vel tman, ask h i m ! " T h e specialists knew that 
Vel tman understood renormalization better 
than most other mortals, and had even devel­
oped a special computer program -
Schoonsch ip - to evaluate all of the neces­
sary complex field theory contributions. 

At f i rst ' t Hooft 's ambit ion was to develop a 
renormal ized version of non-Abel ian gauge 
theory that would work for the strong interac­
t ions that hold subnuclear particles together 
in the nucleus. However, Veltman believed that 
the weak interaction, which makes subnuclear 
particles decay, was a more fertile approach. 
The result is physics history.The unified pic­
ture based on the Higgs mechan ism is 
renormal izable. Physicists sat up and took 
notice. As Sidney Coleman at Harvard sa id , 
this work " turned the Weinberg-Sa lam frog 
into an enchanted pr ince!" 

One immediate prediction of the newly 
viable theory was the "neutral current". 
Normal ly the weak interactions involve a 
shuffl ing of electric charge, as in nuclear beta 
decay, where a neutron decays into a proton. 

Mart inus Vel tman of Bi l thoven. 

With the neutral current, the weak force could 
also act without switching electric charges. 
Such a mechan ism has to exist to assure the 
renormalizabil i ty of the new theory. In 1973 
the neutral current was discovered in the 
Gargamel le bubble chamber at CERN and the 
theory took another step forward. 

The next milestone on the electroweak route 
was the discovery of the W and Z carriers, of 
the charged and neutral components respec­
tively, of the weak force at CERN's 
proton-ant iproton collider. For this, Carlo 
Rubbia and Simon van der Meer were 
awarded the 1984 Nobel Prize for Physics. 

The electroweak baton was taken up in 
1989 by CERN's LEP electron-posi t ron col­
lider, where precision data enab led ' t Hooft 
and Vel tman's technique to be put to work to 
predict the mass of the sixth " top" quark. 
Al though at the t ime unseen, physicists knew 
that the top quark had to be contributing 
indirectly. Correct ions involving the top quark 
have the unusual property of becoming larger 
as the top mass increases. When the top 
quark was discovered at Fermi lab'sTevatron 
proton-ant iproton coll ider in 1995, its mass 
was exactly where the calculat ions said it 
would be. 

The only missing link in the electroweak 
picture now is the Higgs mechan ism, and, with 
LEP exploring new energy regimes, the physi­
cists are eagerly scanning the latest LEP data. 
On the sidel ines is CERN's LHC, which will 
bring Higgs physics to its ultimate conclusion. 

C E R N C o u r i e r November 1999 5 



NEWS 

Neutron facility to open at CERN 
^ • • • • ^ H H H H ^ B ^ ^ H B I I ^ ^ H J H H ^ H i the neutron- induced transmutat ion of 

The lead target of the TARC experiment is being resurrected for the new nTOF facility. 

A new facility is set to join the CERN 
experimental programme from April 2000. 
The neutron time-of-fl ight (nTOF) sys tem will 
support a range of exper iments that study 
neutron- induced react ions.They will cover 
subjects as diverse as stellar nucleosynthesis 
and basic nuclear physics, and they will be 

complementary to experiments already under 
way at the laboratory's ISOLDE radioactive 
beam facility. 

Taking its cue from the recent TARC exper i ­
ment at C E R N , which studied the 
transmutat ion of elements using neutrons 
moderated in lead, the facility will also study 

radioactive isotopes found in nuclear waste. 
The nTOF facility's strong point is its 

extremely high resolution for neutron capture 
cross-sect ions over the 1 eV to 250 MeV 
energy range. Neutrons, produced by 
spallation in a lead target that was recycled 
f rom T A R C , will travel to an experimental area 
200 m downst ream. It is this distance that 
gives nTOF its unprecedented neutron energy 
resolut ion, which is expected to be of the 
order 10~4 over the entire energy range. 

The facility is currently under construct ion 
and , when it starts up next year, it will have 
been commiss ioned in record t ime. One 
reason for this is the extensive use made of 
the existing infrastructure.The facility will be 
installed in an existing tunnel leading from the 
Proton Synchrot ron accelerator, which will 
provide the protons driving the spallation 
process in the lead target, to CERN's west 
experimental area. Moreover, this tunnel 
passes 7 m below another that formerly 
housed the Intersecting Storage Rings col­
lider. The experimental target will be situated 
below this tunnel , which will be adapted to 
provide target-handl ing facilities. 

The first exper iments at the nTOF will be 
designed to test its per formance. Known 
neutron capture cross-sect ions will be 
evaluated before the nTOF programme moves 
on to a range of new measurements . 

An even 
greater step 
for LEP 
On 24 September 1999 the French author­
ities gave their formal permission for CERN's 
LEP electron-posi t ron collider to run at beam 
energies of up to 105 GeV. Immediately 
fol lowing the receipt of the letter, two fills were 
running at 101 GeV. However, the machine 
then had cryogenics problems. 

LEP had been running impressively at 
The integrated luminosity per hour and per day of the 1999 operation of CERN's LEP 100 GeV per beam (a collision energy of 
collider. The blue lines illustrate operation at 100 GeV per beam and above. 200 GeV) s ince early August. 
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Assembly of CMS magnet begins 

The first ring for the barrel yoke of the 
superconducting solenoid magnet that will 
be used in the CMS experiment at CERN. 

After the formal dedicat ion 
of Brookhaven's relativistic 
heavy- ion collider (RHIC) 
on 4 October (left to right) 
US Energy Secretary Bill 
R ichardson, Congressmen 
Rick Lazio, Gary Acke rman , 
Brookhaven director John 
Marbu rge rand RHIC project 
head Satoshi Ozaki , 
inspected the STAR 
detector at RHIC. RHIC 
handled its first beams of 
gold ions this s u m m e r and 
will soon c o m m e n c e its 
research programme. 

T h e world 's largest superconduct ing solenoid 
magnet - for the CMS exper iment at CERN's 
LHC coll ider - recently took an important step 
towards complet ion when the first ring of its 
barrel yoke w a s assembled near Mun ich .The 
order for the manufacture of the yoke was 
given to Germany 's DeggendorferWerf t und 
Eisenbau G m b H ( D W E ) in the largest 
individual contract for a high-energy physics 
exper iment ever p laced.The contract was 
worth some 23 million Swiss francs. Following 
a wor ldwide call for tender, the order for the 
CMS barrel iron yoke and vacuum tank w a s 
s igned on behalf of the CMS col laboration 
between D W E and the Swiss Federal Technical 
Institute ETH Zurich in April of last year. 

T h e CMS solenoid coil will measure 6 m in 
diameter and 12.5 m in length. At 4 T it will 
have the highest field of any magnet of its 
kind and it will be able to store s o m e 2.5 GJ of 
energy. Its return yoke will weigh 11000 tons 
and will consist of two endcaps, each of which 

will have three disks, and a barrel yoke that is 
made up of five rings. 

T h e magnet sys tem was designed by a CMS 
team and was f inanced by a consort ium of 
CMS funding agencies in Switzer land, the US, 
Germany, Cyprus , Russia and the CMS 
C o m m o n Fund. DWE is coordinat ing the mag­
net's construct ion with subcontractors in the 
Czech Republ ic, France, Germany, Italy, and 
the Russian Federat ion. 

Eight of the ten feet for the yoke are being 
provided as an in-kind contribution by 
Pakistan, where they are being manufactured 
by the company Scientif ic Engineering 
Sys tems. China will be donat ing the suppor ts 
for the endcaps .They are being manufactured 
in China by the Hudong Heavy Machinery 
Company .The final assembly of the yoke will 
c o m m e n c e in Ju ly 2000 at C E R N . After being 
tested on the sur face, the magnet will be 
lowered, ring by ring, to the CMS experimental 
hall s o m e t ime towards the end of 2003. 
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Experiments rechart the Big Bang 
T h e s e diagrams 
compare the total 
production rate of 
various subnuclear 
particles (hadrons -
from pions to 
hyperons) as seen 
bytheNA49 
experiment at CERN 
(which is studying 
central high-energy 
lead ion collisions), 
with a statistical 
Hagedorn-type 
model (developed 
by F Becattini). The 
model shows that 
the transition 
temperature, T0, 
above which quarks 
no longer stick 
together to form 
hadrons, is about 
180 MeV. 

In the beginning there were quarks and gluons 
- the "quark-g luon p lasma" . Density and 
temperature decreased as the universe 
expanded and coo led .The quarks and gluons 
began to f reeze, forming subnuc lear particles 
(protons and neu t rons) .These in turn stuck 
together to form nuclei. So goes the dogma. 

To check whether or not this is t rue, 
exper iments at CERN hurl beams of high-
energy nuclei at targets to create hot, dense 
fireballs of protons and neut rons .These may 
be hot and dense enough for the protons and 
neutrons to melt and their componen t quarks 
and gluons to be released f rom their nuclear 
habitat. 

Experiments, using beams of lead ions at 
CERN's SPS synchrotron have recently pol­
ished their results. Included is the NA50 
study, which is looking at the product ion of 
J / p s i par t ic les.These particles are composed 
of a heavy (charmed) quark and an antiquark, 
which are bound together .They are more 
difficult to form when quarks and ant iquarks 
are less likely to stick together. A clear signal 

of J / p s i suppression (CERN Courier May p8) 
was , therefore, greeted as the first resynthesis 
of the quark-g luon plasma since the Big 
Bang. However, some physicists are pointing 
out that this is not the whole story. 

In any plasma (a gas of charged part icles) 
the charge carried by any one particle is 
screened by those surrounding i t .This is 
called Debye shielding. Quarks and gluons 
interact via the tripartite colour charge rather 
than the familiar dual (pos i t ive /negat ive) 
electrical charge. 

It is this screening mechan ism that prevents 
quarks f rom sticking together above a certain 
critical tempera tu re ,T 0 , and beyond a certain 
energy density, E 0 . Subnuclear particles melt 
under these condit ions. 

However, the J / p s i , as the lightest particle 
containing charmed quarks, is very smal l and 
tightly bound.Therefore it melts at a slightly 
higher temperature, about 1 .3T 0 .Th is appar­
ently smal l temperature shift is amplif ied for 
the energy density, which behaves as the 
fourth power of tempera ture .Thus J / p s i s melt 

at energies of around 3 E 0 , which is much later 
than most subnuc lear particles. 

Fur thermore, J / p s i s are special because 
their const i tuent charm quark-ant iquark pair 
will never recombine once the plasma fireball 
expands and coo ls .They lose contact with 
each other and adhere instead to other, 
lighter quarks to form D mesons. Light quarks 
in the p lasma will recombine into protons, 
kaons, pions, etc. 

NA50 sees the onset of J / p s i d isappear­
ance in the most violent " head -on " coll isions 
of lead ions (and only lead ions) at max imum 
SPS energy (158 GeV per nuc leon) .The 
energy density, therefore, must have reached 
about 3 E 0 in these coll isions. Other exper i ­
ments using lead ion beams, such as NA49 , 
est imate f rom calorimetric measurements 
that the energy density achieved in these 
coll isions is about 3 GeV per cubic fermi 
(1 fermi = 10" 1 3 c m , which is the "d iameter" of 
a proton).Tentat ively combining these obser­
vat ions leads to the conclusion that the 
critical density, E 0 , i s about 1 GeV per cubic 
fermi , which is in agreement with quark-g luon 
field theory calculat ions. 

This can now be tested by the exper iments 
using lead beams (NA44 , NA49 , W A 8 9 and 
WA97) . Reinhard Stock of Frankfurt points out 
that hadron product ion in these reactions can 
be reconci led with quarks and gluons combin­
ing a t T 0 , which is near 180 MeV, and E 0 , which 
is near 1 GeV per cubic fermi. 

Previous theoretical studies of the transit ion 
f rom a quark-g luon fireball to a subnuclear 
fireball by John Ellis of CERN and Klaus 
Kinder-Geiger (who died in last year's Swissair 
plane crash) had set the s tage.Thei r model 
set out to explain how different subnuclear 
particles containing quarks and gluons 
emerged f rom electron-posi t ron annhi lat ions. 

They showed that the transit ion probabil ity 
depends on statistical mechanics , so that the 
relative product ion levels of different sub ­
nuclear particles infers the temperature 
prevailing at their bir th.This happens as the 
initial h igh-energy density quark-g luon fireball 
expands and cools towards the critical 
temperature at which the particles crystal l ize. 

Thus , exper iments with h igh-energy nuclear 
beams are recharting the Big Bang. 
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ECRIS feeds transuranic 
nuclei experiments 

Typical 14 GHz ECRIS. Schematic of an electron cyclotron resonance ion source (ECRIS). 

The recent d iscovery of new superheavy 
transuranic nuclei (CERN Courier Sep tember 
p l 8 ) has reawakened interest in the possibi l­
ity of an " island of stabil ity" inhabited by 
quasi-stable nuc le i .These exotica are pro­
duced by bombarding a suitable nuclear 
target with a h igh-energy beam of special ly 
prepared nuclei and studying the resulting 
decay chains in a suitable detector. 

The d iscovery of these nuclei is a major 
accompl ishment for the accelerators that 

T h e Greek delegate to CERN Counci l , Prof. 
Floratos (cent re) , we lcomed the arrival at 
CERN of the first muon detector for the ATLAS 
exper iment to come off the product ion line. 
Produced by a col laboration between three 
Greek universit ies, the chamber is the first of 
1200 that will be built for the exper iment at 
the LHC over the coming years. 

The ATLAS muon detect ion sys tem will 
cover 17 000 m 3 . Its product ion is being 
shared between 46 institutions around the 
wor ld , with strict quality control procedures at 
each .Chambers will be arriving at CERN over 
the next four years, with the full detector 
being ready for installation by early 2004 . 

Prof. Floratos is accompan ied by members 
of the t eam that establ ished the Greek 
product ion line, which began in August . 

handle the beams and is a tribute to the 
expert ise of the scientists at the three tradi­
t ional world centres for this work - Dubna near 
Moscow, the GSf heavy- ion Laboratory in 
Darmstadt and the US Lawrence Berkeley 
Laboratory, where transuranic nuclei were first 
discovered by McMillan and Abelson 60 years 
ago .The detectors (the SHIP velocity filter at 
Darmstadt and gas-fil led separators at Dubna 
and Berkeley) also play a vital role. 

However, given the minuscule product ion 

rates of the new nuclei ( roughly one every two 
weeks ) , a prerequisite for achieving anything 
at all is to be able to supply enormous doses 
( 1 0 1 8 ) of ions to feed the accelerators in a 
reasonable t ime. Moreover, the ions required 
are highly charged: k ryp ton-19 + at Berkeley, 
ca lc ium-5 + at Dubna and n icke l -9 + at 
Darmstad t .The suppl ied beams also have to 
be well def ined so that no precious particles 
are lost downst ream in the accelerat ion and 
t ransport s tages .The standard source that 
meets all of these demanding criteria is the 
electron cyclotron resonance ion source 
( E C R I S ) , which is capable of supply ing ade­
quate doses nonstop over several weeks. 

ECRIS uses neither cathodes nor arc dis-
charges .The cavity is filled with vapour and 
subjected to microwave oscil lations in a mag­
netic f ield. Ionization electrons in the vapour 
see the source as a miniature cyclotron, 
whirl ing round and acquir ing energy .These 
h igh-energy electrons trigger a p lasma break­
down and in turn rip out more electrons, thus 
ionizing the vapour to high charge states. 

Owing to the absence of electrodes, these 
sources are ve ry reliable and can provide 
virtually unlimited amounts of ions. Darmstadt 
is now equipped with its CAPRICE ECR source, 
Dubna with ECR4M and Berkeley with ECR-U , 
all of which are operat ing at 14 GHz. 

Incidently, CERN's new heavy- ion linac, 
commiss ioned in 1994, also uses a 14 GHz 
ECR ion source (suppl ied by France) and 
produces lead-27 + ions at 2.5 KeV per 
nucleon to feed CERN's programme of 
research using beams of heavy ions. 

C E R N C o u r i e r November 1999 9 



NEWS 

The Gigabyte System Network 
is demonstrated at CERN 

Arie Van Praag (left) and Tzvetomir Anguelov from the Institute for Nuclear Research and 
Nuclear Energy, Sofia, at work on the GSN to Gigabit Ethernet Bridge at CERN. 

To mark the major international Te lecom '99 
exhibit ion in Geneva , CERN staged a d e m o n ­
stration of the world 's fastest computer 
networking s tandard, the Gigabyte Sys tem 
Network .Th is is a new networking standard 
developed by the High Performance 
Networking Forum, which is a wor ldwide col­
laboration between industry and academia . 
Te lecom '99 delegates came to CERN to see 
the new standard in act ion. 

The academic scientific communi ty has 
been at the forefront of networking for nearly 
three decades . In the pioneering days of the 
late 1960s and early 1970s, it was computer 
scientists working on the US ARPANET, the 
British National Physical Laboratory network 
and the French Cyclades that got networking 
off the ground. Later, the US N S F N E T a n d 
British J A N E T brought networking to the acad ­
emic communi ty as a whole. At C E R N , the 
pioneering C E R N E T of the 1970s was a net­
work of networks before the Internet was born. 
T h e n , when the ARPANET became the Internet 
and j umped the Atlantic into Europe, high-
energy physics was , for a long t ime, its most 
important user. 

Today, networking has entered the industrial 
mains t ream, but laboratories like CERN still 
play an important role. CERN's contribution to 
the Gigabyte Sys tem Network ( G S N ) has been 
the deve lopment of a bridge to connect the 
new standard with the increasingly popular 
Gigabit Ethernet local networking architecture. 
The C E R N set -up, current ly the largest G S N 
network in the wor ld , is a valuable proving 
ground for the new technology. 

G S N is the first networking standard 
capable of handl ing the enormous data rates 
expected f rom CERN 's for thcoming Large 
Hadron Coll ider ( LHC) exper iments. It has a 
capaci ty of 800 M b y t e / s (that 's getting on for 
a full- length feature f i lm), making it attractive 
beyond the realms of scientif ic research. 
Internet serv ice providers, for example, expect 
to require these data rates to supply high-
quality mult imedia across the Internet within 
a few years.Today, however, most home net­
work users have to be content with 5 kby te /s , 
or about a single f rame. Even C E R N , one of 
Europe's largest networking centres, currently 
has a total external capaci ty of only 
22 M b y t e / s . 
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Except where otherwise stated, these news items are taken from the Institute of Physics Publishing's news service, which is available at "ht tp: / /physicsweb.org" . 

Understanding gained from chaos 
A new mathemat ical curve is chal lenging the 
tradit ional bel l -shaped Gauss ian distribution 
as a descript ion of random f luctuat ions. Why it 
appl ies so widely to many different sys tems 
can be explained by chaos theory. 

The curve first came to light in studies by 
two scientists at University College London 
and Ecole Normale Super ieure ( E N S ) , Lyon, 
who s imulated the ordering of spin vectors in 
a fer romagnet at a critical tempera tu re .They 
plotted the probabil ity spect rum (the "p roba­
bility density funct ion") to see if the overall 
magnet izat ion of the sample would f luctuate 
by a certain amount f rom its normal beha­
viour, or equi l ibr ium. 

Fluctuations about such a mean value are 
expected to follow a symmetr ic Gauss ian 
distr ibution, with a high probabil i ty for smal l 
f luctuations f rom the mean . Large f luctuations 
are rarer but are equal ly distr ibuted on either 
s ide .The plot, while matching a Gauss ian 
shape at the high end , had a distinctive, 
exponent ial lower tai l .This gives a higher 
probabil i ty for f luctuations below the mean 
(for example, this curve gives the probabil i ty 
of a low f luctuat ion, of more than six s tandard 
deviat ions from the mean value, as 2 x 10~4 

The traditional bell-shaped Gaussian 
distribution says that a random effect is just 
as likely to go over the top as it is to fall 
short. However, new studies show that, in 
some cases, the distribution is skewed, so 
that the latter becomes much more likely. 

compared with 1 x 10" 9 for the Gauss ian) . 
T h e n , a lmost by accident, they discovered 

the same curve on the desk of an ENS 
col league who had been studying turbulence 

in a closed sys tem. He had also plotted 
probabil i t ies of f luctuations - found in the 
power consumpt ion of turbulent flow 
produced when air is t rapped between two 
counter-rotat ing discs. 

To explain such similar behaviour in two 
different sys tems, the scientists reached for 
one of the central concepts of chaos theory: 
self-similarity. If a sys tem is self-similar, it 
looks the s a m e when v iewed from far away 
and close up. A fractal is a good examp le .The 
magnet at critical temperature and the turbu­
lence in the closed air sys tem are both 
self-similar and hence are governed by the 
s a m e statistics. 

The same curve has since been plotted by 
US scientists looking at the distribution of 
species in ecosys tems .The sys tem is self-
similar, so the distribution of species in 1 k m 2 

of a certain habitat ought to be the same as 
that in 1 m 2 . 

Another US study showed that the inci­
dences of severe f loods, forest fires, 
ear thquakes and avalanches also follow the 
curve , with the "worst" incidents occurr ing 
more often than w a s indicated by predict ions 
based on bel l -shaped curves. 

Condescending to condense 
In 1995, Colorado physicists achieved a wor ld 
first by cooling rubidium atoms to such low 
temperatures that the a toms condensed into 
a single quantum state - a ground state - to 
form a Bose-Einste in condensate . A second 
team has turned its attention to fermionic 
a toms, which have a half-integer sp in . 

Pauli's Exclusion Principle says that it is 
impossible to make a fermionic condensate 
because no two fermions can exist in identical 
quan tum states. However, fermions can be 
cooled in such a way that they fill up quantum 
levels systematical ly f rom the bottom up.Th is 
is called a "degenerate" state. 
Bose-Einste in condensates (BECs) are made 
using evaporat ive cool ing, where energy is 
transferred by atom coll isions to reduce the 
temperature of the gas. For fermions this is 
more difficult, because fermions in similar 

states repel each other.To get round this, the 
team used a mixture of potassium-40 a toms 
in two different spin states and cooling to 
290 nK was ach ieved.Th is is the lowest t em­
perature ever measured for a fermion gas. 

They saw that the degenerate gas had more 
energy and a wider momentum distribution 
than predicted by classical physics - ev idence 
that the exclusion principle had forced the 
a toms to occupy higher quantum states.This 
sets the stage for further studies of supercon­
ductivity and superfluidity. 

Meanwhi le, other US groups have seen 
quant ized vort ices in a BEC of rubidium 
atoms. Excitations moving through a BEC of 
sod ium atoms lost little or no energy if the 
velocity was below a critical value. Such a 
critical velocity for frictionless motion is a 
hallmark of superfluidity. AIP 

Laser light source 
sings the blues 
A group of J a p a n e s e , German and Italian 
researchers has made the first blue vertical 
cavity surface-emit t ing laser ( V C S E L ) , which 
operates at room temperature. By exploit ing 
recent progress in crystal growth technology, 
an active region of InGaN quantum wells and 
mirror sur faces of gall ium and aluminium 
nitrides were grown on a sapphire substrate to 
make d isc-shaped cavit ies. Each one was only 
18 | jm in diameter. W h e n the cavities were 
i l luminated by a HeCd laser, light was emitted 
at a wavelength of 399 nm. 

Two-d imensional arrays of blue VCSELs 
could drastically reduce the read-out t ime in 
high-density optical data storage (for e x a m ­
ple, in CDs and DVDs) and increase the scan 
speed in laser printing technology. 
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ASTROWAICH 
Edited by Emma Sanders 

Latest news from the early universe 
This month the first e lements of the Very Small 
Array will be installed on MountTeide inTen-
eri fe.This is one of a number of new projects 
studying the cosmic microwave background. 

Observat ions of the cosmic microwave 
background (CMB) are the closest that 
astronomers can get to the beginning of the 
universe. It dates from 300 000 years after 
the Big Bang, when radiation decoupled from 
matter. Fluctuations in the CMB are evidence 
for the first clumping of matter particles - the 
seeds of the galaxies we see today. 

The 14 antennae of the Very Small Array 
(VSA) will map small areas of the sky from 26 
to 36 GHz with a sensitivity of 5-10 pK.The 
VSA will be capable of the two-dimensional 
mapping of real features and it is expected to 
be up and running by next summer. 

By then, results from the Boomerang bal­
loon experiment will be out .This experiment 
uses the polar wind to stay aloft and enables 
the balloon to circle the South Pole for more 
than 10 days .Thus it avoids the fate of other 

P i c t u r e o f t h e m o n t h 

balloon experiments, which only have a short 
observat ion t ime.The VSA, with its greater 
resolution, will be able to follow up in more 
detail any areas of interest identified by the 
balloon. Balloon observat ions have different 
systematic errors than ground-based tele­
scopes, so results are complementary. 

Future projects include the US Cosmic 
Background Imager, to be installed in the 
Atacama desert, Chile, and the Degree Ang­
ular Scale Interferometer at the South Pole. 

It is an interesting t ime for CMB observ­
ations. Following the great leap forward made 
by the COBE satellite in 1992, which meas­
ured the background fluctuations for the first 
t ime, years of data analysis and new ground-
based experiments are providing fuller and 
more detailed results. A recent analysis of 
CMB data has even cast doubt on inflation -
the most stalwart theory of the early evolution 
of the universe. However, other investigations 
suggest that the discrepancy may be due to 
instrumental error.The VSA and Boomerang 

experiments will be in a position to find out. 
The study of foreground microwave radi­

ation has also progressed. New sources of 
microwave emission have been discovered, 
such as spinning dust grains in our galaxy. 
When this is better understood, it will make for 
more accurate CMB results. NASA's Microwave 
Anisotropy Probe, which is scheduled for 
launch late next year, will perform the next all-
sky survey as a follow up to COBE. At the other 
end of the spect rum, NASA's X-ray satellite, 
Chandra, may provide crucial data with its 
observat ions of galaxy clusters, the largest 
scale clumping seen in the universe today. 
Cosmologists are hoping for some real 
advances. At worst, they will have to wait for 
the launch of ESA's Planck satellite some t ime 
after 2007 (CERN Courier My p l 4 ) . 

The VSA is a collaboration between 
Cambridge University, Jodrell Bank and the 
Canary Islands Institute for Astrophysics. The 
Boomerang partners are the US and Italy, with 
contributions from the UK and CERN. 

Th is image of the Cassiopeia A 
supernova remnant is the f irst 
f rom the new Chandra X-ray 
satel l i te, wh ich was launched 
this summer (CERN Courier 
September p l 5 ) . Cassiopeia A 
is an expanding shell of gas, of 
about 10 light-years in diameter 
wi th a temperature of about 
50 mil l ion degrees cent igrade. 
It is the remnant of a star that 
exploded about 300 years ago. 
( N A S A / C X C / S A O . ) 
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New study of 
distant quasars 
Subaru , Japan 's new 8.3 m te lescope on 
Mauna Kea in Hawaii (CERN Courier March 
p9) , is being used for a new study of gravi-
tationally lensed quasars. A luminosity of 
more than 100 galaxies is emitted f rom a 
quasar, which has a vo lume no larger than our 
solar sys tem. 

Einstein's theory of General Relativity shows 
that the gravitational pull f rom massive 
objects is able to deflect rays of light like a 
lens. For example, ast ronomers see four bright 
images of the quasar PG1115+080 more than 
10 billion light years away.The four lensed 
images appear around a much nearer, mas­
sive galaxy in the centre, which acts as the 
lens.The relative brightness and position of 
the individual images gives a measure of how 
rapidly the universe is expanding. 

Gravitationally 
lensed image of a 
distant quasar 
(PG1115+080) 
viewed through the 
Japanese Subaru 
telescope. (National 
Astronomy 
Observatory of 
Japan.) 

CERN COURIER'S FULLY INTERACTIVE 
WEB SITE IS LIVE. . . 

E x p l o r e t h e l a t es t h o t t o p i c s in p a r t i c l e p h y s i c s 

L i n k t o p h y s i c s s i t e s w o r l d w i d e 
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B o o k m a r k c e r n c o u r i e r . c o m t o d a y 

CERN 
w w w . c e r n c o u n e r . c o m IoP 

14 C E R N C o u r i e r November 1 9 9 9 

http://cerncourier.com
http://www.cerncouner.com


ELECTRON-POSITRON ANNIHILATION 

LEP pursues 
Higgs boson 
and greater 
W precision 
While we wait for a definitive sighting of 
the enigmatic Higgs particle, there is no 
lack of careful precision work for the 
experiments at CERN's LEP 
electron-positron collider. Bob Clare of 
MIT looks at the latest in LEP physics. 

For the past two years , C E R N ' s LEP e lec t ron-pos i t ron col l ider has 
been per forming better than ever (CERN Courier Oc tober p 14). Each 
year s e e s new increases in col l is ion ene rgy a n d , jus t as important , 
new records in luminos i ty (a m e a s u r e of the col l is ion ra te) . Last 
year, LEP de l i vered abou t 2 0 0 inverse p i coba rns of luminos i ty to 
each of the four exper iments and , as a result, a lmost quadrup led the 
col lected data on W bosons (p roduced as opposi te ly charged pairs). 

Th is year looks even more promis ing, wi th LEP reaching, and even 
sl ightly su rpass ing , the "mag i c " 200 G e V col l ision energy (100 G e V 
per b e a m ) . T h e s e new data have al lowed the four LEP col laborat ions 
- A L E P H , D E L P H I , L3 and O P A L - t o ex tend and improve their s tudies 
at high energy. Of the many results p resented recent ly at the EPS 
conference in T a m p e r e , F in land, and the lep ton-pho ton s y m p o s i u m 
at Stanford , the search for the Higgs boson and the measu remen t of 
the W m a s s were the highl ights. 

O n e of the first tasks in any new ene rgy doma in is to search for 
new par t ic les. However , LEP is now exp lo r ing ter r i tory that cou ld 
reveal the s y m m e t r y - b r e a k i n g m e c h a n i s m , at t he hear t of t he 
Standard Mode l , that e n d o w s part icles with mass ( the "Higgs m e c h ­
a n i s m " ) . A l t hough the S t a n d a r d Mode l pred ic ts tha t the Higgs 
particle shou ld exist, unfor tunate ly it says v e r y little abou t its mass . 

T h e Higgs shou ld make its p resence felt th rough del icate radiative 
correct ions to the s tandard Z and W exchange mechan i sms . T h e s e 
cor rec t ions have been s tud ied in 'g rea t detai l by the LEP expe r i ­
ments , as well as by the S L D exper iment at S L A C , S tan fo rd , and the 
DO and C D F exper iments at Fe rm i lab ' sTeva t ron pro ton-ant ip ro ton 
coll ider. T h e s e s tud ies ind icate tha t t he Higgs boson is relat ively 
light. A fit to the LEP and S L C results on Z exchange , as well as the 
determinat ions of the W boson and top quark masses f rom LEP and 
t h e T e v a t r o n , predic t that the Higgs b o s o n shou ld be l ighter t han 
about 220 GeV, wi th a best fit at a round 90 GeV. Th is is below the 
point where LEP is current ly operat ing. A low-mass Higgs wou ld be 
exci t ing. However , t h e s e sugges t i ons are on ly indirect ev i dence . 

Ever increasing -
the integrated 
annual luminosity 
(a measure of the 
collision rate) 
delivered by 
CERN's LEP 
electron-positron 
collider. 
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Tantalizingly close - results of the Standard Model fit to the 
Higgs boson mass (parabolic curves) compared with the 
excluded region from the direct searches (yellow area). 

T h e LEP e x p e r i m e n t s have b e e n di l igent ly s e a r c h i n g for d i rect 
ev idence of the Higgs s ince the beg inn ing of LEP data tak ing. S o far 
noth ing has tu rned up. W i th no s ign of a s ignal yet, the exper imen ts 
e x p r e s s t he n o n - o b s e r v a t i o n as an u p p e r l imit on the H iggs 
p roduc t i on rate. A t a g i ven co l l is ion e n e r g y th is d e p e n d s on the 
Higgs m a s s and the upper limit on product ion rate can be conver ted 
into a lower limit on the Higgs m a s s . 

Recent ly , fo l lowing the e x a m p l e of the LEP E lec t roweak Work ing 
G r o u p ' s ef for ts to c o m b i n e e l ec t r oweak m e a s u r e m e n t s , the LEP 
exper imen ts have been c o m b i n i n g their sea rch resu l t s .The hope is 
that by comb in ing the four expe r imen ts into a "me ta -expe r imen t " , 
with four t imes the luminosity, a s ignal might be detec ted that wou ld 
be too smal l for an indiv idual expe r imen t to discover. Fail ing that, at 
least any m a s s l imits cou ld be inc reased . 

Based on last year 's da ta , at a col l is ion ene rgy of 189 GeV, the 
c o m b i n e d lower limit on the Higgs m a s s f rom the four LEP exper i ­
m e n t s w a s 95 .2 GeV . W i t h t he i n c r e a s e d e n e r g y th is year, t he 
indiv idual l imits have a lso been inc reased to c lose to 100 GeV. It is 
too ear ly to report on the c o m b i n e d limit. W i th the cur ren t l imits so 
tantal iz ingly c lose to the va lue expec ted f rom the indirect ev idence , 
the physic is ts at LEP are eager ly awai t ing m o r e data at even h igher 
energ ies . T h e Higgs boson may be jus t round the corner . 

W f o r w e i g h t 
C o m p a r e d wi th the lack of hard pred ic t ions on the Higgs b o s o n , 
the S tanda rd Mode l has s o m e w h a t more to say abou t the m a s s of 
the W b o s o n . V ia m a n y of the s a m e m e a s u r e m e n t s tha t are used to 
constra in the Higgs boson indirectly, the exper imente rs (wi th a great 
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The direct measurement of the Wmass from LEP and 
proton-antiproton colliders compared with the indirect 
determination. 
deal of help f rom the theor is ts ) have c o a x e d the S tanda rd Mode l 
into predict ing the m a s s of the W boson with an error of only 26 MeV 
(in 80 G e V ) . N o w the cha l lenge is to m e a s u r e the W boson m a s s 
direct ly to the s a m e accuracy , wh i ch will be a str ingent test of the 
S tanda rd Mode l . 

T h i s has b e e n a ma jo r ob jec t i ve at LEP s ince 1996, w h e n the 
ene rgy w a s first ra ised above the th resho ld for p roduc ing pairs of W 
bosons . S ince then the LEP exper imen ts have been busy s tudy ing W 
bosons . Last year s a w a fourfo ld increase in the LEP datasets , al low­
ing the expe r imen ts to m a k e d ramat i c imp rovemen ts on the deter­
minat ion of the part ic le 's m a s s . 

By now, e a c h expe r imen t has co l lec ted more than 4 0 0 0 W pairs. 
W i th th is a m o u n t of da ta the LEP expe r imen ts have been ab le to 
over take their co l l eagues at p ro ton -an t ip ro ton col l iders for the best 
direct W m a s s de te rm ina t i on . T h e uncer ta in ty on the LEP result is 
now 56 MeV, v e r s u s 62 M e V for t he h a d r o n co l l ider resul t . Bo th 
m e a s u r e m e n t s are in a g r e e m e n t wi th the indi rect de te rm ina t i on . 

Th i s year 's da ta will a lmos t doub le the avai lab le stat is t ics, a n d 
there are still more da ta to c o m e next year. T h e LEP expe r imen te rs 
are hopefu l tha t the f inal d i rect LEP W m a s s va lue will have an error 
of a r o u n d 3 0 MeV, wh i ch is c lose to the error ob ta ined indirectly. 

T h e v e r y first events were reco rded by the LEP exper imen ts on 13 
Augus t 1989. At that t ime the LEP ene rgy w a s 91 GeV, wh ich is right 
on the Z peak. Now, more than 10 years later and more than 100 G e V 
h igher in energy , both the LEP m a c h i n e a n d the LEP expe r imen ts 
are still go ing s t rong and the exc i t emen t is still mount ing . 

B o b C l a r e , MIT. 
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CERN gears up 
for deceleration 

Antiprotons have been a 
highlight of close-of-the-century 
physics. CERN's Antiproton 
Decelerates will continue this 
tradition into the 21st century. 

Getting ready for low energy - CERN's Antiproton Decelerator team in its second home, the machine's control room. 

C E R N is best known for push ing the h igh -ene rgy f ront ier of phys ics , 
but, wi th its new Ant ip ro ton Dece lera tor , the l ow-ene rgy f ront ier is 
a b o u t to r e s u m e its p lace at t he hear t of the labora to ry ' s exper i ­
menta l p r o g r a m m e . 

T h e An t i p ro ton D e c e l e r a t o r ( A D ) is s c h e d u l e d to sw i t ch on for 
phys ics th is m o n t h , and an impor tan t m i les tone w a s r e a c h e d this 
s u m m e r w h e n , for the first t ime , the A D t e a m dece le ra ted a b e a m of 
p ro tons to t h e A D ' s target m o m e n t u m of jus t l O O M e V / c . 

It might s e e m s t range that m i l es tones for the A D are m e a s u r e d in 
t e r m s of a c h i e v e m e n t s wi th p ro tons , but, as F l emming Pedersen of 
the A D t e a m exp la ined , " W e a l ready know how to m a k e ant ip ro tons . 
T h e real cha l lenge is low fields." 

W i th an A D b e a m m o m e n t u m of j us t l O O M e V / c , the magne t i c 
bend ing f ields, wh ich hold the b e a m in orbit, are so low that even the 
magne t i c f ield of the Ear th m u s t be taken into accoun t . Pro tons are 
used ins tead of an t ip ro tons in the se t t ing-up p h a s e b e c a u s e h igher 
intensi t ies can be a c h i e v e d , wh i ch m a k e for eas ier d iagnos t ics . 

D e c e l e r a t i n g t h e b e a m 
B e a m part ic les enter the A D wi th a m o m e n t u m of 3.5 G e V / c , wh ich 
is abou t 35 t imes as high as w h e n they leave i t .The b e a m is rapidly 
dece le ra ted to 2 0 0 0 M e V / c before undergo ing s tochas t i c coo l ing. 
Reduc ing the ene rgy fur ther is a de l ica te task, ow ing to the origin of 
the A D ' s c o m p o n e n t s . T h e A D is not a purpose-bu i l t m a c h i n e - it 
has b e e n a s s e m b l e d us ing c o m p o n e n t s f r o m the An t i p ro ton 
Col lector, the j ob of wh ich w a s to col lect an t ip ro tons at 3.5 G e V for 
C E R N ' s h is tor ic p r o t o n - a n t i p r o t o n co l l ider p ro jec t of t he 1980s. 

Bend ing m a g n e t s that are des i gned for cons tan t 3.5 G e V oper ­
at ion are not ideal for the A D , w h e r e the f ield is cons tan t ly cyc led . In 
par t icu lar ,eddy cur rents , p rovoked by chang ing the magnet i c f ield in 
the A D , can b e c o m e large, a n d these can disturb the b e a m . T o avoid 
this p rob lem the m o m e n t u m is r educed f rom 550 M e V v e r y slowly. 

W h e n the b e a m reaches 3 0 0 M e V / c the re is ano the r pause . Th i s 
t ime the t e c h n i q u e of e lec t ron coo l ing , bet ter a d a p t e d to v e r y low-
energy b e a m s , is u s e d . Like the magne ts , t he e lect ron coo ler is recy­
c led . It c a m e f rom C E R N ' s p rev ious l o w - e n e r g y ant ip ro ton facility, 
L E A R , wh i ch w a s the wor ld ' s s e c o n d app l ica t ion of the t e c h n i q u e 
p ioneered by G e r s h Budker at Novos ib i rsk in the late 1960s. 

For the f inal a p p r o a c h to 100 M e V / c , the b e a m is s lowed d o w n 
aga in . Here the Ear th 's magne t i c f ield has to be c o n s i d e r e d , a long 
with r e m a n e n t f ie lds i nduced in t h e A D ' s metal l ic c o m p o n e n t s . 

T h e ma in cha l lenge in reach ing 100 M e V / c w a s to p roduce v e r y 
s tab le power supp l i es tha t wou ld contro l e d d y cur ren ts in the m a g ­
nets. S o o n after the l O O M e V / c cha l lenge had been met , dece ler ­
at ing to 100 M e V / c had b e c o m e rout ine a n d the A D w a s shu t d o w n 
to a l low phys ic is ts to instal l t he t h ree e x p e r i m e n t s tha t wil l s ta r t 
tak ing data wi th the new m a c h i n e . 

W h e n work r e s u m e d in S e p t e m b e r , t he first task w a s to conso l i ­
da te w h a t had a l ready b e e n a c h i e v e d wi th p ro tons a n d to a d d a 
fur ther e lec t ron-coo l ing s tage at 100 M e V / c before the b e a m s are 
extracted for de l ivery to exper iments . Next on the agenda w a s revers­
ing the polarity of the bend ing magne ts to hand le ant iprotons. S o m e 
fur ther set t ing up is e x p e c t e d b e c a u s e , as Pede rsen po in ted out , 
" W e can ' t reverse the polar i ty of the Ear th 's magne t i c f i e l d ! " • 
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Physics zen - the Sojiji temple. 

18 

A s C E R N ' s Ant ip ro ton Dece le ra to r c o m e s into operat ion a new era 
beg ins for h igh-prec is ion s tud ies of ant iprotonic a toms and ant ihy-
d rogen , as well as for the ant ipro ton itself and the w a y in wh ich it 
interacts wi th o rd ina ry a toms . 

T h e imminen t arr ival of t h e s e h igh-qual i ty ant ipro ton b e a m s of 
ex t reme ly low e n e r g y (5 M e V ) w a s he ra lded at t he In ternat iona l 
W o r k s h o p on A t o m i c Co l l i s ions a n d S p e c t r o s c o p y w i th S l o w 
Ant ip ro tons , held i n T s u r u m i on 19-21 July. 

T h e w o r k s h o p inc luded a Z e n B u d d h i s m c o u r s e ( Z a z e n k a i ) . 
Perhaps for the first t ime in a physics workshop , jet- lagged a t tendees 
were w o k e n up at 3 .30 a .m . for medi ta t ion pract ice in the t emp le . 

P r o g r e s s o n t h e A D p r o g r a m m e 
In the more convent iona l sess ions , 55 par t ic ipants f rom 25 inst i tu­
t ions in Eu rope , J a p a n , Russ ia a n d the US d i scussed theore t i ca l , 
techn ica l and exper imenta l p rogress on the Ant ip ro ton Dece le ra to r 
( A D ) exper imenta l p r o g r a m m e . A t the m o m e n t it fo l lows two t racks . 
O n e is the A S A C U S A col laborat ion 's p rog ramme of an t ip ro ton -a tom 
col l is ions and l ase r /m i c rowave spec t roscopy of ant iprotonic he l ium 
(in wh ich one of the two norma l orbital e lect rons is rep laced by an 
an t ip ro ton) .The other t rack is the syn thes is and spect roscop ic s tudy 
of an t ihydrogen a t o m s by the A T H E N A and A T R A P co l labora t ions . 

O n e mot ivat ing fo rce beh ind A S A C U S A is that, in m u c h the s a m e 
w a y as the hydrogen a tom s p e c t r u m revealed the proper t ies of the 
proton and e lect ron over the cou rse of the 20th century, h igh-prec i ­
s ion laser a n d m ic rowave m e a s u r e m e n t s of a tomic t rans i t ions of 
the ant iproton in ant iprotonic hel ium can reveal , with commensu ra te 
p rec i s ion , t he p roper t i es of t he an t ip ro ton itself. S u c h m e a s u r e ­
ments const i tute va luable tests of validity of under ly ing physics s y m ­
met r ies . An t ip ro ton ic he l ium w a s c h o s e n ins tead of t he s imp le r 
t w o - b o d y p ro ton ium (an t ip ro ton ic hyd rogen - a p ro ton a n d an 
an t ip ro ton in orbi t r ound e a c h o the r ) a t o m b e c a u s e it is s tab le 
against annih i la t ion for s o m e m ic roseconds after f o rma t ion , whi le 
p ro ton ium, under no rma l cond i t ions , is not. 

A S A C U S A e x p e r i m e n t s tha t are a l ready a p p r o v e d inc lude a 
microwave triple resonance exper iment on hyperf ine splitt ing caused 
by the in teract ion of t he e lec t ron sp in a n d an t ip ro ton orbi ta l 
momen ts , and a search for laser- induced transi t ions be tween , so- far 
u n o b s e r v e d , a tomic levels. 

In add i t i on , a n e w h igh - reso lu t ion laser s y s t e m is e x p e c t e d to 
reduce the m e a s u r e m e n t prec is ion of all t ransi t ion f requenc ies to 
less than one part per mil l ion - the level at wh ich q u a n t u m e lec t ro-
d y n a m i c ef fects appear . Th is has a l ready been ach ieved in exper i ­
m e n t s tha t w e r e s tudy ing a n o t h e r t rans i t ion at C E R N ' s L E A R 
low-energy ant ipro ton ring, wh ich c losed in 1996. 

T h e s ta tus of A S A C U S A on t hese f ronts w a s repor ted by K Komak i 
and M Hori (Tokyo ) . T h e interpretat ion of spect ra l fea tures of ant i ­
protonic hel ium in t e rms of the propert ies of the atomic const i tuents 
requi res energy- leve l ca lcu la t ions wi th prec is ion s imi lar to that of 
the exper imenta l va lues , and th is w a s d iscussed by Y Kino ( S e n d a i ) , 
D Bakalov ( S o f i a ) , V I Korobov ( D u b n a ) and G Ko renman ( M o s c o w ) . 

Another goal of A S A C U S A is to ex tend to lower energies the Aa rhus 
a n d Tokyo L E A R e x p e r i m e n t s on the a tom ic in terac t ions of ant i ­
p ro tons. Th is has spa rked cons ide rab le theoret ica l interest. Cont r i ­
but ions c a m e f rom H K n u d s e n ( A a r h u s ) , P Krstic ( O a k Ridge) and A 
Igarashi (M iyazak i ) on ion izat ion a n d e n e r g y loss for an t ip ro tons 
interact ing with matter. Such exper iments require 10-100 keV rather 

Zen and the art 
of low-energy 
antiproton 
experiments 
A recent workshop in Japan set the scene 
for a range of experiments at CERN's AD 
machine, which will synthesize and explore 
atoms of antimatter. John Eades reports. 
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t han 5 M e V an t i p ro tons .They will be p roduced by insert ing a dece l ­
erat ing rad io f requency quad rupo le ( R F Q ) in the A D b e a m . 

Th is is under const ruc t ion in C E R N ' s Proton Synch ro t ron div is ion 
and will s o o n be tes ted in A a r h u s . Ant ip ro tons f rom the R F Q may be 
u s e d direct ly or, for cer ta in A S A C U S A expe r imen ts , co l lec ted and 
coo led in a mult i r ing ha rmon ic t rap ( T I t ch ioka ,Tokyo ) , whe re they 
will be reacce lera ted to e lect ron-vo l t or k i lo-electron-vol t energ ies . 

Traps for charged (as well as neutra l ) part icles feature prominent ly 
in the p lans of the A T H E N A and A T R A P col laborat ions. Here the main 
a im is to use the laser probes to c o m p a r e identical a tomic transit ion 
f requenc ies in hydrogen a n d an t ihyd rogen . 

S u c h exper imen ts have an impor tan t advan tage over t h o s e us ing 
ant iprotonic h e l i u m . T h e y are direct c o m p a r i s o n s , in wh ich s y m m e ­
t r y - con juga te s y s t e m s are c o m p a r e d w i thou t a n y need for theor ­
et ical input. O n the other h a n d , the techn ica l p rob lems assoc ia ted 
wi th p roduc ing an t ihydrogen are m u c h more c o m p l e x t h a n is the 
case for ant iprotonic he l ium, wh ich is c reated in a b u n d a n c e w h e n ­
ever ant ipro tons are s lowed to e lect ron-vol t energ ies in he l ium gas. 
In part icular, the an t ihydrogen mus t be syn thes i zed at micro-e lec­
t ron-vol t rather t han e lect ron-vo l t energ ies . 

For th is , A D ant ipro tons and pos i t rons f rom radioact ive sou rces 
mus t first be col lected as p lasmas in sui table conta iners and cooled 
to liquid hel ium tempera tures . M Holzschei ter (Los A l a m o s ) reported 
on the progress of the A T H E N A exper iment , wh ich a ims to synthes ize 
ant ihydrogen a toms at sub -Ke lv in tempera tu res . K Fine ( C E R N ) and 
HTo tsu j i ( O k a y a m a ) d i scussed the behav iou r of t hese p l a s m a s in 
Penn ing t raps (w i th hyperbo lo ida l e l e c t r o d e s ) a n d in P e n n i n g -

Ma lmberg t raps (cy l indr ical o n e s ) , both of wh ich are adequa te as 
p lasma bott les for t hese p rocesses . 

F u t u r e p r o p o s a l s 
As befi ts the p romise of fered by the birth of a new mach ine , m a n y 
ideas that go beyond the cur rent A D p r o g r a m m e were p resen ted in 
T s u r u m i . T h e y inc lude the possibi l i ty that a tomic p ro ton ium, so far 
ignored b e c a u s e of its shor t l i fet ime, may live long e n o u g h under 
nea r - vacuum condi t ions to be the sub jec t of A S A C U S A - t y p e exper i ­
men ts (R S H a y a n o , T o k y o ) . Ano the r possibi l i ty is the ex is tence of 
me tas tab le an t ip ro ton ic l i th ium ( K O h t s u k i , C h o f u - s h i ) a n d of 
an t ip ro tons in so lu t ion in l iquid he l i um ( T A z u m a , T s u k u b a ) . 
H S e h m i d t - B o c k i n g (F rank fu r t ) p resen ted a p roposa l for a tab le -
s ized ant iproton s torage ring. 

T h e T s u r u m i wo rkshop w a s organ ized b y Y a s u n o r i Yamazak i of the 
Tokyo Univers i ty K o m a b a c a m p u s a n d R I K E N , and it w a s s p o n s o r e d 
by t he An t ima t te r S c i e n c e Pro jec t of t he Univers i ty of T o k y o , t he 
Danish Natural Sc ience Research Counci l 's Cent re for CERN- re la ted 
A t o m i c a n d Nuc lea r Phys i cs a n d t h e J a p a n e s e R I K E N ( R i k a g a k u 
Kenkyuu jo ) Inst i tute. 

In his conc lud ing remarks , Mit io Inokut i ( A r g o n n e ) c o m m e n t e d 
on the conf idence and exc i tement wi th wh ich this wor ldwide physics 
c o m m u n i t y awai ts A D b e a m s . Tantal iz ing hints of this phys ics we re 
revealed dur ing the era of L E A R , of wh i ch the A D is now a wor thy 
successor . 

J o h n E a d e s , CERN. 
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PHYSICS PUBLICATIONS 

The problem of publishing physics papers that have long lists of authors and 
reconciling it with the need to give due recognition to the contributions of individuals 

or small groups has long been recognized. An answer has now been found. 

A ma jo r phys ics expe r imen t is t he s u m of m a n y c o m p o n e n t s , the 
main c o m p o n e n t s being the indiv idual phys ic is ts .The col laborat ions 
on the e x p e r i m e n t s at C E R N ' s n e w L H C col l ider c a n . i n v o l v e 
t h o u s a n d s of peop le . 

Wh i l e t h e s e resea rche rs d raw co l lec t ive pr ide in their a c c o m p ­
l i shments , the career of an ind iv idual sc ient is t u l t imately d e p e n d s 
on pe rsona l con t r i bu t i ons . W h e n the p rog ress of the e x p e r i m e n t 
d e p e n d s on the ef for ts of m a n y phys ic i s ts sca t t e red all over the 
g lobe , how can the indiv idual phys ic is ts d o c u m e n t his or her per­
sona l a c h i e v e m e n t s ? 

To so lve this d i l e m m a , an init iative for a total ly new t ype of sc ient­
ific pub l i ca t ion , wh i ch c o m p l e m e n t s t he t rad i t iona l co l labora t ion 
ar t i c les , w a s l a u n c h e d in 1998 by t he H i g h - E n e r g y a n d Part ic le 
Phys ics ( H E P P ) Board of t he E u r o p e a n Phys ica l Soc ie t y a n d w a s 
d i s c u s s e d wi th t he E u r o p e a n C o m m i t t e e for Fu tu re A c c e l e r a t o r s 
( E C F A ) . T h e ECFA is a pa r l i amen t of E u r o p e a n par t ic le phys ic is ts 
w h o s e c o n c e r n s cover all aspec t s of part ic le phys ics . 

T h e resul t w a s a c o m m o n E C F A / E P S c o m m i t t e e and a work ing 
group on publ icat ions pol icy for future large exper iments , co-cha i red 
by the ECFA a n d E P S - H E P P sec re ta r i es . T h e c o m m i t t e e inc luded 
representa t ives f rom majo r expe r imen ts at C E R N ' s LHC col l ider and 
an o b s e r v e r f rom the Div is ion of Part icle and Fie lds of the A m e r i c a n 
Physical Society. 

T h e work ing g roup m a d e r e c o m m e n d a t i o n s to the ECFA and to 
the E P S - H E P P b o a r d . T h e s e have been d i scussed a n d , wi th remark­
able s p e e d , so far accep ted in pr incip le by major E u r o p e a n and U S 
research j o u r n a l s . T h e full s ta temen t on t hese new "scient i f ic no tes " 
is pub l i shed here for the first t ime. 

T h e p r o p o n e n t s of the n e w pub l i sh ing f o r m a t s a i d : "A c o m b i n ­
at ion of scient i f ic publ icat ions of the large co l laborat ions with a s s o ­
c ia ted sc ient i f ic no tes p rov ides a w a y of recogn iz ing ind iv idua l 
cont r ibut ions whi le ma in ta in ing responsib i l i ty for pub l i shed resul ts 
wi th the co l laborat ions. W e h o p e this will p rov ide new gu ide l ines for 
other f ie lds of sc i ence w h e r e large co l labora t ions are involved." • 
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PHYSICS PUBLICATIONS 

New class of 
publications 
that will 
recognize 
individual 
contributions 
in future 
experiments 
The text of the official statement on the 
creation of the new "scientific notes" class 
of publications. 
T h e career a d v a n c e m e n t of expe r imen ta l h i gh -ene rgy physic is ts at 
univers i t ies and research inst i tutes has b e c o m e harder in the last 
10 y e a r s d u e to the large n u m b e r of a u t h o r s a p p e a r i n g on e a c h 
publ icat ion wi th in the f ie ld. Th i s large n u m b e r of au thors m a k e s it 
ha rder to eva luate the ind iv idual cont r ibut ion w h e n c o m p a r i n g wi th 
o ther f ie lds in sc ience . 

Co l labora t ions assoc ia ted wi th f o r t hcom ing LHC expe r imen ts are 
typ ica l ly severa l t imes larger t han exist ing expe r imen ts . T h u s , if no 
act ion is t a k e n , the p rob lem of recogn iz ing indiv idual cont r ibu t ions 
to expe r imen ts will b e c o m e even more acu te . 

It is unders tood that the LHC exper imen ts present ly expec t that all 
sc ient i f ic resu l ts us ing da ta f r o m t h e s e e x p e r i m e n t s wil l be 

pub l i shed in the n a m e of t he full co l labora t ion that is runn ing the 
exper iment . 

Th is new r e c o m m e n d a t i o n a t tempts to add ress the above issues, 
wh i le p rov id ing a w a y for fair recogn i t i on to t he ind iv idua ls . It is 
in tended to prov ide a concre te p rocedure for the per iod before data 
tak ing and out l ines the w a y to be fo l lowed thereafter . 
l .The edi tors of scienti f ic j ou rna ls have been con tac ted to establ ish 
a new c lass of publ icat ions under the n a m e "scient i f ic n o t e s " . T h e s e 
no tes will con ta in resul ts of a n a l y s e s , de tec to r d e v e l o p m e n t a n d 
i m p r o v e m e n t s , de tec to r a n d phys i cs s imu la t i ons , s o f t w a r e , a lgo ­
r i thms and data hand l ing . T h e resul ts p resen ted in t hese notes will 
be par t of t he off ic ial resu l ts of t he e x p e r i m e n t a n d s h o u l d be 
q u o t e d , w h e n e v e r re levant , in off ic ial c o m m u n i c a t i o n s or pub l ic ­
at ions of the full co l labora t ion . It is in tended that such notes shou ld 
descr ibe a un ique result or m e t h o d o l o g y as a c c e p t e d by the co l ­
laborat ion and be of interest to a w ide r scient i f ic commun i t y . It is 
in tended that t hese notes shou ld be of suf f ic ient ly high qual i ty that 
they c o u n t as va l id pub l i ca t ions , c red i ted to the n a m e d au tho rs . 

In th is spirit, the fo l lowing requ i remen ts are p r o p o s e d : 
• they will be pub l i shed in the n a m e of the direct au thors of the 
work ; 
• they will n e e d to be app roved and submi t t ed by t he 
co l laborat ion s p o k e s p e r s o n ; 
• they will have to pass a rev iew p rocedu re tha t will not on ly 
involve m e m b e r s of the expe r imen t but a lso externa l rev iewers ; 
• they will be part of the publ ic d o m a i n . Mos t preferably, t hey 
shou ld a lso a p p e a r in the e lect ron ic m e d i a . 
2 . Pub l i ca t ions of t he full co l labora t ion wil l no rma l l y inc lude the 
n a m e of the co l labora t ion a n d the list of par t ic ipat ing inst i tut ions 
wi th a s e c u r e re fe rence to the e lect ron ic med ia and in print to the 
au tho r list ( fo r pr in ted j o u r n a l s , a ful l a u t h o r list s h o u l d a p p e a r 
per iod ica l ly ) . Th i s will e l iminate the n e e d of pr int ing m a n y pages of 
n a m e s in e a c h pub l ica t ion , whi le g iv ing recogni t ion to the inst i tutes 
invo lved. 
3. Pub l i ca t i ons of t he full co l ­
l abora t ions a n d c o n f e r e n c e 
presentat ions g iven in the n a m e 
of the co l l abora t ions will refer, 
as far as poss ib le , to the p u b ­
l ished scient i f ic no tes . Th i s will 
make the pub l ica t ions eas ier to 
read a n d wil l g ive t he p r o p e r 
credi t to t he sc ient i f ic n o t e s 
(wh ich conta in the n a m e s of the 
direct con t r ibu to rs ) . 

4. Pub l i ca t i ons of t he full 
co l l abora t ion are d e e m e d to 
inc lude: 
• art ic les f rom the full co l ­
laborat ion in re fereed j ou rna l s ; 
• p roposa ls a n d repor ts s u b ­
mit ted to official bod ies in the 
n a m e of the co l labora t ion ; 
• art ic les f rom a v e r y large 
subg roup (l ike a s u b s y s t e m ) of 
the co l laborat ion in official 
j ou rna ls . 

Collaborations 
associated with 
forthcoming LHC 
experiments are 
typically several 
times larger than 
existing 
experiments. Thus, 
if no action is 
taken, the problem 
of recognizing 
individual 
contributions to 
experiments will 
become even 
more acute 
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B J 0 R N W I I K MEMORIAL 

Eclipse of a visionary 
Bj0rn Wiik, visionary and talented director-general of the DESY Laboratory, Hamburg, 

died in a domestic accident in February, leaving the laboratory,and a major part of the 
world's high-energy physics community, temporarily leaderless. 

A memorial seminar at DESY reminded the community of its debt. 

Dur ing t he 2 6 yea rs tha t 
Bj0rn W i i k s p e n t at DESY, 
he dec i s i ve l y s h a p e d its 
des t iny as o n e of t he 
wor ld ' s ma jo r phys ics c e n ­
t res . He did th is in a ser ies 
of roles - leading scient ist , 
H E R A pro jec t leader , a n d 
c h a i r m a n of t he D E S Y dir­
ec to ra te , but mos t of all as 
an excep t i ona l sc ien t i s t 
a n d leader w h o s e c h a r m 
a n d en thus iasm capt iva ted 
all w h o me t h i m . Wi i k ' s 
ca lm and sof t -spoken m a n ­
ner c o n c e a l e d a pene t ra t ­
ing v is ion a n d an iron wi l l , 
w h i c h left the i r m a r k on 
wor ld sc i ence . 

O n 7 J u l y 1999, nea r l y 
8 0 0 f r iends and co l leagues 
ga the red at D E S Y to pay a 
f inal t r ibute, both scient i f ic 
a n d p e r s o n a l , at a m e m ­
or ia l mee t i ng . A m o n g t he 
gues ts we re Wi ik 's wi fe and 
the i r t h ree ch i l d ren , t he 
N o r w e g i a n c o n s u l , D E S Y 
f o u n d i n g fa ther Wi l l i ba ld 
J e n t s c h k e , a n d Peter Brix, 
Wi ik 's thes is s u p e r v i s o r f rom Darms tad t . 

A s e m p h a s i z e d in the o p e n i n g a d d r e s s by his successo r , f o rmer 
D E S Y research d i rector A lb rech t Wagner , Wi ik w a s an ou ts tand ing 
f igure in Eu ropean and wor ld part ic le phys ics . His interest and ta lent 
e x t e n d e d f rom theoret ica l to de tec to r a n d acce le ra to r phys ics , all 
of wh ich benef i ted f rom his scient i f ic exce l l ence and un iqueness . 
Moreover , his impress ive pol i t ical ta len t a l lowed h im to in f luence 
po l i t i c ians a n d c i t i zens al ike - all t h e m o r e r e m a r k a b l e as a 
Norweg ian at the head of a G e r m a n nat ional research cen t re . 

A s the s o n of a N o r w e g i a n res i s tance leader du r ing w a r t i m e 
G e r m a n occupa t i on , Wi ik w a s not exac t ly p redes t ined for c lose c o -

On 7 July, nearly 800 friends and colleagues gathered at DESY to pay a 
final tribute, both scientific and personal, to Bj0rn Wiik, visionary and 
talented director-general of the DESY Laboratory, Hamburg, who died in 
a domestic accident in February. Among them were (left to right) Mrs 
Becker-Wiik and (second row) their three children; Hamburg City Mayor 
Ortwin Runde; Albrecht Wagner, who succeeds Wiik as head of the DESY 
Directorate; Peter Schmuser of Hamburg (second row); and DESY 
founding father Willibald Jentschke. 

ope ra t i on w i th G e r m a n y . 
However , it w a s his f a the r 
w h o urged h im to s tudy in 
D a r m s t a d t to get to k n o w 
" the o the r " G e r m a n y . O n e 
of W i i k ' s o ldes t f r i ends , 
Ro land E n g f e r f r o m Zu r i ch , 
he r e m e m b e r e d the y e a r s 
s p e n t at D a r m s t a d t T e c h ­
nical Univers i ty - the years 
tha t a l lowed Wi ik to get to 
know " the o ther" Germany , 
a n d tha t laid t he f o u n d a ­
t ion of his career as a wor ld 
l eader in par t ic le phys i cs . 

A f te r s e v e n prof i tab le 
years at S L A C in S tan fo rd , 
W i i k re tu rned to G e r m a n y 
to take up an a p p o i n t m e n t 
at DESY, wh ich he felt w a s 
t he ideal p lace for h im to 
con t r i bu te to phys i cs . V o l -
ker S o e r g e l , W i i k ' s p r e d e ­
cessor as head of the D E S Y 
d i rec torate , re t raced Wi ik 's 
t ime at the labora tory f rom 
its v e r y beg inn ing , w h e n 
Er ich L o h r m a n n hea rd of 
t he except iona l y o u n g phy­
sicist and invited him to the 

H a m b u r g labora to ry in 1972. 
Wi i k ' s phys i cs w o r k even tua l l y led h im to s h a r e the E u r o p e a n 

Physica l Soc ie ty ' s 1995 H i g h - E n e r g y Phys ics prize for d iscover ing 
the first d i rect ev i dence of the g luon us ing t h e T A S S O expe r imen t at 
the P E T R A e lec t ron -pos i t ron col l ider in 1979. 

From the ear ly 1970s, Wi ik nur tu red the novel idea of an e n e r g y -
asymmet r i c e lec t ron-pro ton collider, a v is ion that eventual ly c a m e to 
f ru i t ion w i th t he c o m m i s s i o n i n g of D E S Y ' s f l agsh ip acce le ra to r , 
H E R A , in 1992. 

A t a len ted o rches t ra to r , he led t h e wo rk for HERA 's a m b i t i o u s 
superconduc t ing proton ring. Despi te D E S Y ' s relative inexper ience in 
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BJ0RN WIIK MEMORIAL 

A tribute to Bj0rn Wiik. 
Former CERN director-
general Chris Llewellyn 
Smith met Wiik in the 
early 1970s at SLAC, 
Stanford. Their seminal 
ideas for an energy-
asymmetric 
electron-proton collider 
pointed the way towards 
DESY's flagship HERA 
machine. (DESY.) 

both superconduc t i v i t y and proton m a c h i n e s , H E R A w a s comp le ted 
on t ime and wi th in budget . Its phys ics ha rves t is now su rpass ing all 
ear ly p romises . 

In 1993, Wi ik took over f rom Soerge l as D E S Y ' s d i rec tor -genera l . 
U n d e r h i m , D E S Y ' s charac te r i s t i c s y m b i o s i s of par t ic le phys ics 
l abo ra to ry a n d mu l t id i sc ip l ina ry s y n c h r o t r o n rad ia t ion resea rch 
cent re ga ined even more impo r tance , the latest a c h i e v e m e n t being 
a p roposa l to set up a st ructura l b io logy g roup . 

He a lso played a major role in wor ldw ide efforts to deve lop the 
next genera t ion of e l ec t ron -pos i t r on l inear co l l iders , push ing the 
idea a n d p romo t i ng R & D work for an in te rnat iona l 3 3 km 
s u p e r c o n d u c t i n g T E S L A m a c h i n e w i th in tegra ted X - r a y lasers for 
mul t id isc ip l inary resea rch . A s A lb rech t W a g n e r put it, Wi ik left the 
part ic le phys ics c o m m u n i t y wi th a vo id but a lso a v i s ion , wh ich is 
now up to the labora tory to real ize. 

H a m b u r g mayor Or tw in R u n d e va lued Bj0rn Wi ik as a m a n of high 
mora l integrity, w i th an excep t i ona l capab i l i t y to mot i va te a n d 
integrate - an ou ts tand ing e x a m p l e of his s e n s e of responsib i l i ty 
t owa rds both pol i t ic ians and the publ ic . 

H e r m a n n S c h u n c k , c h a i r m a n of D E S Y ' s Admin is t ra t i ve Counc i l , 
speak ing for the Federa l Minister for Educa t ion and Resea rch (Mrs 
B u l m a h n ) , ca l led for an effort to m a k e Wi ik ' s i deas a n d v i s i ons 
b e c o m e a reality. 

J u r g e n Luth je , p res iden t of H a m b u r g Univers i ty , unde r l i ned the 
e x e m p l a r y co l laborat ion be tween D E S Y a n d the university. 

De t lev G a n t e n , c h a i r m a n of t he H e r m a n n v o n He lmho l t z 
Assoc ia t i on of Nat ional Resea rch Cen t res ( H G F ) , r e m e m b e r e d Wi ik 
as a t ru ly in terd isc ip l inary th inker w h o p romo ted the co l laborat ion 
be tween the rather d ispara te H G F inst i tutes wi th great ded ica t ion 
and j u d g e m e n t . 

C E R N d i rec to r -genera l Luc iano Ma ian i reca l led Wi ik ' s va luab le 
co l laborat ion with C E R N , as c h a i r m a n and as a m e m b e r of the S P S 
exper imen ts commi t tee on wh ich they s e r v e d together, and his far­
s i gh tedness . 

Ra lph Eichler, cha i rman of D E S Y ' s Scient i f ic Counc i l , c losed the 
first part of the seminar wi th a more personal view, recol lect ing many 

examp les of Wi ik 's pract ical ph i losophy - like tak ing the c r o s s - c o u n ­
t ry ski ing trail at the Nord ic W in te r S c h o o l in the oppos i te di rect ion 
to eve ryone e lse in order to talk to eve ry w o r k s h o p part ic ipant. 

In t roducing the scient i f ic part of the seminar , M a u r y T igne r f rom 
Corne l l d e s c r i b e d t he impac t of s u p e r c o n d u c t i v i t y on part ic le 
phys ics . A s wel l as the H E R A p ro ton r ing, Wi i k a lso s h a p e d t he 
internat ional effort t owards a new genera t ion of e lec t ron-pos i t ron 
col l iders v ia the T E S L A route. 

Ra ther t h a n dwel l ing on t he past , S L A C d i rec tor Burt R ich ter 
looked at t he ongo ing role of e l e c t r o n - p o s i t r o n co l l iders , a f ie ld 
bristl ing wi th activity. Wi th sc ience budge ts under p ressure all over 
the wor ld , Richter insisted on the necess i ty to push a s ingle project. 

Fo rmer C E R N d i rector -genera l Chr is L lewel lyn Smi th recal led the 
impor tan t ro les tha t Wi i k had p layed on va r i ous c o m m i t t e e s at 
C E R N . T h e s e inc luded the Scient i f ic Pol icy C o m m i t t e e , and chai r ing 
the 1991 externa l rev iew of the LHC Project. Fur ther afield he w a s a 
key f igure in Eu ropean and wor ld part ic le phys ics , part icular ly in the 
E u r o p e a n C o m m i t t e e for Fu tu re A c c e l e r a t o r s ( E C F A ) , a n d in the 
Internat ional Commi t t ee for Future Acce le ra to rs ( ICFA) , of wh ich he 
had been cha i rman s ince 1997. 

Llewel lyn Smi th then tu rned to " d e e p inelast ic scat ter ing" - us ing 
h igh-energy b e a m s to reach the deep interior of the proton - and the 
historic s teps that u l t imately led to H E R A . 

H E R A data have now shed important light on near ly all of the open 
ques t i ons unde r l i ned in t he m i l es tone 1977 p a p e r by Wi ik a n d 
Llewel lyn Sm i th , wh ich po in ted out the potent ia l of s u c h a coll ider. 
HERA's e lect rons probe pro tons at an unp receden ted level , a l lowing 
the interact ions be tween qua rks and g luons to be s tud ied in new 
dep th . Pho toproduc t ion has revealed the dual behav iour - hadron ic 
and point- l ike - of the pho ton . Neutra l and charged cur rent ef fects 
v iv id ly demons t ra te e lec t roweak uni f icat ion. 

Turn ing away f rom part icle phys ics , J o c h e n Schne ider , head of the 
H a m b u r g Synch ro t ron Radia t ion Labo ra to ry ( H A S Y L A B ) , p resen ted 
D E S Y ' s s e c o n d research f ie ld, of wh ich Wi ik w a s ex t remely p roud . 
Synchro t ron radiat ion research has a long tradi t ion at DESY, go ing 
back to 1964. Now, w i th the f o r m e r e l e c t r o n - p o s i t r o n col l ider, 
D O R I S , t r ans fo rmed into a ded ica ted synch ro t ron radiat ion sou rce , 
H A S Y L A B users - inc luding 650 bio logists - o u t n u m b e r the part ic le 
physic is ts by far. Wi ik felt that D E S Y w a s a good p lace for such a 
cohab i ta t i on , b e c a u s e both f ie lds had a c o m m o n n e e d in too ls , 
wh ich fu r thered a fruitful co l labora t ion . 

For the fu ture, he env isaged br inging t h e m even c loser together 
within t h e T E S L A project , wh ich inc ludes an X- ray f ree-e lect ron laser 
( F E L ) for mul t id isc ip l inary resea rch . Dr iven by the supe rconduc t i ng 

9 l inac, t h o s e X - r a y FELs wil l 
WlIK S Calm a n d de l iver coherent X-ray pulses of 

so f t - spoken m a n n e r b e t w e e n 1 0 0 a n d 3 0 0 f s > w h j c h 

far s u r p a s s the br i l l iance of 
Concea led a ex is t ing s y n c h r o t r o n rad ia t ion 

penet ra t ing v is ion s o u r c e s - D E S Y i s b u j l d i n g a p r o " 
. to type FELfac i l i t y in the v a c u u m 

a n d an iron Will, ul t raviolet range, to go into test 

wh ich left the i r ma rk ° P e r a t i o n i n 2 0 0 2 • 
W i t h o u t W i i k , D E S Y wou ld not 

On WONd SCience be the wor ld focus that it is. • 
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Subnuclear Physics 1998 at the Ettore Majorana Centre for Scientific Culture, Erice, Sicily. Left to right: Ludwig Fade'ev, Jacov 
Azimov, Masatoshi Koshiba, centre director Antonino Zichichi, Ed Witten, Bj0rn Wiik, Sheldon Glashow and Gerard't Hooft. The 
1999 meeting included a tribute to Bj0rn Wiik. 

A tribute to Bj0rn Wiik 
B j 0 r n Wiik's important role in furthering international collaboration was also highlighted at 

a special gathering at the Ettore Majorana Centre for Scientific Culture, Erice, Sicily. 

T h e International Schoo l of Subnuc lea r Physics at Erice, Sicily, which 
took p lace f rom 29 Augus t to 7 Sep tember , inc luded a spec ia l cer­
emony : "A tr ibute to Bj0rn Wi ik : the m a n , the phys ics, his pro jects" . 

In the p resence of Mrs Margret Becher -Wi ik and m e m b e r s of the 
Wi ik fami ly, the d i rec tor of Er ice 's Et tore Ma jo rana Cent re for 
Scient i f ic Cul ture, An ton ino Z ich ich i , began by emphas i z ing Wi ik 's 
impor tant role in establ ish ing a success fu l co l laborat ion be tween 
D E S Y a n d Italian industry, for supe rconduc t i ng magne t techno logy 
and fabr icat ion of the proton ring of the H E R A project. 

A message f rom the Italian Minister for Universi ty and Scienti f ic 
and Technolog ica l R e s e a r c h , Or tens io Z e c c h i n o , s t ressed his deep 
apprec ia t ion for Wi ik 's contr ibut ion to a v igorous and fruitful col lab­
orat ion between the two coun t r ies .The minister expressed his strong 
suppor t for the INFN strategic scientif ic p rog ramme and its concrete 
a c c o m p l i s h m e n t s - the Gran S a s s o Laboratory , the s t rong Italian 
involvement in LEP at C E R N and in H E R A at DESY, and the successfu l 
de tec to r R & D work in the f r a m e w o r k of the LAA Project , itself an 
impor tant contr ibut ion for reseach at future proton mach ines . 

Kjell Johnsen of C E R N reviewed Wiik 's life, his ch i ldhood in Norway, 
his t ime as a s tudent in Darmstad t , and his research at S L A C and at 

DESY. A s cha i rman of the H E R A mach ine commi t tee , Kjell J o h n s e n 
w a s well p laced to highl ight Wi ik 's ach ievemen ts as an acce lerator 
physic is t , w h o w a s respons ib le for t he cons t ruc t ion of the H E R A 
proton ring. 

Gunte r Wol f of D E S Y rev iewed Wi ik 's scienti f ic work f rom his first 
pho ton phys ics expe r imen t at D a r m s t a d t to H E R A phys ics , wh ich 
inc luded the 1979 d i scove ry of g luon je ts , for wh i ch he a n d his 
T A S S O co l l eagues we re a w a r d e d the 1995 E u r o p e a n Phys ica l 
Soc ie ty H igh -Energy and Particle Phys ics prize. 

Hors t W e n n i n g e r of C E R N desc r i bed Wi ik ' s u l t imate s u p e r c o n ­
duct ing v is ion - t h e T E S L A Internat ional Research Project at DESY, 
which is an e lec t ron-pos i t ron l inear col l ider with an integrated X- ray 
laser. He showed Wiik 's original 1992 proposal to const ruct and test 
p ro to type s u p e r c o n d u c t i n g rad io f r equency s t ruc tu res for l inear 
col l iders and then repor ted on the excel lent progress of t h e T E S L A 
col laborat ion in ach iev ing accelerat ing f ields of up to 35 M V / m . T h e 
T E S L A T e s t Facility at D E S Y begins operat ion this year in its first s tep 
t owa rds se l f -ampl i f ied s p o n t a n e o u s em iss ion ( S A S E ) X- ray f ree -
electron lasers .Th is is prepar ing the ground f o r t h e construct ion of a 
500 G e V superconduc t i ng l inear coll ider. • 
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The Sun: a brilliant past ai 
The Sun may be the centre of our world, but 
it is not a typical star. At a special meeting, 
arranged by rObservatoire de Paris at the 
Moet et Chandon manor at Epernay for the 
total solar eclipse of 11 August 1999, 
CERN physicist Douglas R 0 Morrison shed 
light on the Sun's past, present and future. 

Stars are f o r m e d f rom huge m a s s e s of gas and dust . F rom f luc tu­
a t ions, a cent re f o rms and t h e n , under gravity, more and more mat­
ter gradual ly accumu la tes until a core is f o r m e d , wh ich attracts more 
gas and dus t .Th is core - a protostar - will get hotter. Under the effect 
of gravity, the protostar will cont rac t a n d , if the core is big e n o u g h , 
nuc lear react ions ( fus ion) will c a u s e it to i gn i te .Thus a star is bo rn . 

M u l t i p l e s t a r s y s t e m s 
Th i s is how I used to imag ine tha t s tars we re f o r m e d . W h e n I looked 
up at the sky, I saw our S u n as a so l i ta ry star and the sky full of s in ­
g le s ta rs . T h e idea of b i na ry s ta r s y s t e m s wi th two s tars rotat ing 
round one ano ther s e e m e d qui te unnecessa ry . It there fore c a m e as 
a s h o c k w h e n I learned that on ly 15% of s tars are s ing le , whi le 65% 
are in b inar ies and the rema in ing 2 0 % are in c lusters of th ree or 
m o r e . T h i s s e e m e d cont ra ry to the concep t of a big c loud of gas and 
dus t condens ing . 

For m e , the exp lana t ion c a m e in an ear ly pho tog raph f r om the 
Hubb le S p a c e Te lescope ( f igure 1) . It s h o w e d a s ta r - fo rming region 
of Freud ian complex i ty that exp la ins the birth of mul t ip le s tar s y s ­
t e m s . W e are fo r tunate that our s tar is a so l i tary one . 

W h e n the S u n w a s b o r n , s o m e 4 6 0 0 mil l ion years ago , its gas 
w a s c o m p o s e d of 72% hyd rogen , 2 4 % hel ium a n d the rema inder 
w a s a var iety of e lemen ts , wh ich had been f o r m e d a lmos t ent irely in 
s u p e r n o v a exp los ions and then b lown out into s p a c e . T h e m a s s of 
the S u n is 2 x 1 0 2 7 t ons , or 2 0 0 0 mil l ion mil l ion mil l ion mil l ion tons . 

W h e n a star is f o r m e d , its cont ract ion makes it sp in faster ( l ike an 
ice skater pul l ing in his or her a r m s ) . S u c h a T T a u r i star is dist inc­
t ively bright for its mass . However , as it sp ins , it t h rows off m a s s , los­
ing s o m e 2 0 0 0 mil l ion mil l ion mil l ion t ons eve ry year. It s o o n s lows 
d o w n , and today our S u n is losing s o m e 20 mil l ion mil l ion tons per 
year (or 700 000 tons per s e c o n d ) as so lar w i n d . 

S o l a r f l a r e s 
T h i s ste l lar e ros ion can be s e e n dur ing a total so la r ec l i pse . T h e 
rad ius of the S u n is abou t 700 0 0 0 k m , so the eas i ly v is ib le part of 
the so lar w i n d , s e e n dur ing an ec l ipse , ex tends out f rom the sur face 
by m o r e t h a n a mi l l ion k i l omet res . O c c a s i o n a l l y a large f lare will 

Fig. 1: A Hubble Space Telescope image of a star-forming region. 

occur. A n e x a m p l e of this is s h o w n in f igure 2. 
T h e fate of a protostar core d e p e n d s on its m a s s . If the protostar 

we ighs less than 0.08 so lar m a s s e s , the t empera tu re of the core is 
not high e n o u g h to init iate nuc lear fus ion react ions and the pro to­
star rema ins as an inert B rown Dwarf. '** 

If the protostar we ighs more than 8 so lar m a s s e s , some th ing new 
h a p p e n s : the dens i ty of the core b e c o m e s so great that the inner 
100 km or so of the star co l lapses within a few mi l l iseconds, and the 
result ing ionized p lasma is c o m p r e s s e d into neu t rons . S u c h a n e u -
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an even brighter future 

Fig. 2: The hours following a solar flare reveal a series of loops 
above the surface of the Sun - best seen when viewed in the 
light emitted by hydrogen in the red region of the solar spectrum 
(H-alpha emission). These loops formed after an active region 
flared on 26 June 1992. This image was obtained by the 
Swedish Solar Telescope on La Palma in the Canary Islands. 

t ron star has an e n o r m o u s dens i t y - abou t 100 mil l ion t o n s / c m 3 . 
T h e s u d d e n co l l apse of t he co re g e n e r a t e s a s h o c k w a v e tha t 

c o m p r e s s e s the neut ron s tar even further. Th i s r e b o u n d s , and the 
o u t w a r d - m o v i n g s h o c k w a v e t h e n hi ts t he r e m a i n d e r of t he star, 

Fig. 3: C Cavadore from ESO, and L Bernasconi and B Gaillard 
from TObservatoire de la Cote d'Azur, took this photograph of 
the eclipse (11 August 1999) at Vouzier, which is between 
Reims and Nancy (France, Champagne-Ardennes). 

Fig. 4: The total solar eclipse of 26 February 1998. This picture 
comprises three radial gradient images taken by Jonathan Kern 
from the Willams College site (Aruba), and later processed and 
composited by Wendy Carlos. (Copyright 1998 Wendy Carlos 
and Jonathan Kern.) 

wh ich , meanwh i l e , has hard ly m o v e d . T h e blast b lows the shel l apar t 
and ignites it to p roduce the v is ib le s u p e r n o v a . 

If t he star so f o r m e d is still m a s s i v e - abou t 2 0 - 3 0 so lar m a s s e s 
- t hen the neu t ron s tar c a n co l l apse fu r ther to g ive a b lack ho le . 

T h e basic react ion that init iates s tar fo rmat ion is the fus ion of two 
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hydrogen nucle i ( p ro tons ) to f o r m d e u t e r i u m , fo l lowed by the d e u ­
t e r i um rap id ly c o m b i n i n g w i th a n o t h e r hyd rogen n u c l e u s to g ive 
he l i um-3 .Th is h a p p e n s v e r y quick ly - the deu te r ium only exists for a 
s e c o n d be fo re fus ing wi th a p ro ton . O n e cou ld say tha t t he d e u ­
te r ium acts as a cata lyst , wh i ch conver ts th ree nucle i of hydrogen 
into he l i um-3 .The he l ium-3 is then conver ted into a s tab le he l ium-4 
nuc leus v ia severa l routes. 

He l ium-4 is v e r y s tab le and is genera l ly the end of the cha in . To go 
fur ther , an unusua l fus ion reac t ion n e e d s to take p lace b e t w e e n 
th ree he l ium-4 nucle i to give c a r b o n - 1 2 . T h i s can fur ther react to 
g ive n i t rogen a n d o x y g e n . T h i s is ca l led t he C N O cyc le . T h e next 
e lemen t , f luor ine, can then be f o r m e d in the N O F cyc le . 

T h e S u n , wh ich is essent ia l ly a p l a s m a wi th no rigid s t ruc tu re , is 
fue l led ma in ly by hydrogen in its co re , wh i ch is at a t empe ra tu re of 
15 mil l ion degrees cent igrade. Its dens i ty dec reases rapidly wi th dis­
t a n c e f rom the core , w h e r e it is a b o u t 150 g / c m 3 . A t the su r face , 
the dens i ty is only a mil l ionth of a g ram per cubic cent imetre and the 
t e m p e r a t u r e is abou t 5 5 0 0 °C. 

B r i g h t f u t u r e 
A s the S u n con t inues to b u r n , the t empe ra tu re will rise and the core 
will cont ract , wh ich ra ises the t e m p e r a t u r e even h igher a n d m a k e s 
the enve lope e x p a n d . Eventual ly the S u n will b e c o m e a Red Giant , at 
wh i ch point mos t of the hydrogen in the core is b u r n e d . 

T h e n the core will contract fur ther and b e c o m e steadi ly hotter and 
hotter until it r eaches a hund red mil l ion deg rees cen t ig rade. A t this 

point the he l ium-4 will ignite and carbon-12 will be fo rmed in a ther­
m o n u c l e a r exp los i on . For t he fo l lowing 100 mil l ion yea rs , t he s tar 
will con t inue to be v e r y bright. 

T h e ca rbon can prov ide extra nucle i of he l i um-4 to genera te oxy -
gen-16 and n e o n - 2 0 , etc ( the C N O a n d N O F cyc les will not occu r 
b e c a u s e t he n e c e s s a r y h y d r o g e n h a s a l r eady b e e n c o n s u m e d ) . 
Next , t he c a r b o n a n d o x y g e n wil l b u r n , but t he t h e r m o n u c l e a r 
f u rnace will eventua l ly cut ou t and the core will b e c o m e inert. 

However , ou ts ide t he co re , the rema in ing hyd rogen and he l ium 
gas will cont inue to burn for s o m e t ime .Th i s will drive off m u c h of the 
gas and eventua l l y the star will b e c o m e a Wh i te Dwar f wi th a r e m ­
nant m a s s of abou t half tha t of the S u n . Th i s hot s tar will be v is ib le 
for bil l ions of years , but will eventua l ly cool and b e c o m e an invisible 
Black Dwarf . 

W h e n our S u n b e c o m e s a Red Giant , its expans ion will first s w a l ­
low M e r c u r y ( 5 8 mil l ion k i lomet res a w a y ) , a b s o r b V e n u s (108 mi l ­
lion k i lometres a w a y ) , engul f the Earth (150 mil l ion k i lometres away ) 
and f inal ly a p p r o a c h Mars ( 2 2 8 mil l ion k i lomet res a w a y ) . 

For tunate ly for us this fate is abou t 5 0 0 0 mil l ion years away. T h e 
S u n is a v igo rous adul t s tar tha t still has a bri l l iant fu ture. 

F u r t h e r r e a d i n g 
J A u d o u z e and G Israel ( e d s ) 1988 Cambridge Atlas of Astronomy 
(Cambr i dge Univers i ty P ress ) . 

D o u g l a s R 0 M o r r i s o n , CERN. 
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Construction of the BaBar detector at the PEP-IIB factory, SLAC, Stanford. 

Heavy physics implications 
This year's major particle physics meeting showed that heavy "flavours", 

whether they are strongly interacting quarks or weakly interacting leptons, 
are still very much at the cutting edge of today's laboratory studies. 

H e a v y part ic les are hard to c o m e by. A s a result, prec is ion m e a s u r e ­
m e n t s in th is sec to r a re w i d e l y a d m i r e d a n d h igh ly p r i zed . T h i s 
phys i cs w a s a ma in f o c u s at t h e In te rna t iona l L e p t o n - P h o t o n 
S y m p o s i u m in Stan ford {CERN Courier Oc tobe r p 2 ) . Exist ing exper i ­
men ts are homing in on the product ion of part ic les conta in ing heavy 
qua rks , a n d a ser ies of ma jo r n e w expe r imen ts is be ing d e v e l o p e d . 

S p e a r h e a d i n g this new genera t ion of expe r imen ts are the B fac­
tor ies at S L A C , S tanford and the J a p a n e s e KEK Labo ra to ry .The e lec­
t r o n - p o s i t r o n ann ih i l a t i ons in t h e s e co l l iders - PEP- I I a n d K E K B 
respect ive ly - are a rich s o u r c e of B par t ic les tha t con ta in the fifth 

( "beau ty " , " b o t t o m " or s imp ly " b " ) quark . T h e decays of t hese B par­
t ic les shou ld reveal new insights into C P v io la t ion - the subt le s y m ­
met ry b reak ing a s s u m e d to be respons ib le for a ma t te r -an t ima t te r 
s y m m e t r i c Big B a n g , wh i ch eventua l l y p r o d u c e s a v is ib le un iverse 
c o m p o s e d ent i re ly of matter. 

T h e o ther B phys ics p layers in t he race inc lude, notably, Corne l l ' s 
C E S R e lec t ron -pos i t ron col l ider, wh i ch is e q u i p p e d wi th the C L E O 
detector . C E S R a n d C L E O have b e e n work ing in t a n d e m for s o m e 
20 yea rs a n d have m a d e a se r ies of l a n d m a r k con t r ibu t ions to B 
phys ics . Expe r imen ts at C E R N ' s LEP e lec t ron -pos i t ron col l ider have 
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also m a d e many va luab le cont r ibu t ions to this work . 
In the w i n g s of the B s tage is the H E R A - B expe r imen t at DESY, 

wh i ch uses the proton ring of the H E R A coll ider. Fe rm i lab ' sTeva t ron 
remains a source of a cop ious a m o u n t of heavy part icles. Signif icant 
B phys ics potent ia l is p rov ided by t h e C D F a n d DO de tec to rs at 
Fe rm i lab ' sTeva t ron p ro ton -an t ip ro ton coll ider, wh ich is now fed by 
the new Main Injector. Detector upgrades and coll ision rate improve­
men ts will ensu re that t h e T e v a t r o n rema ins a focus of B phys ics . 

For the fu ture, the L H C b expe r imen t at C E R N ' s LHC col l ider and 
the BTeV project at Fermi lab are get t ing their acts together. 

Af ter a "Br ief report f r om the B fac tor ies" , an in t roduct ion to the 
l ep ton -pho ton s y m p o s i u m , at tent ion w a s f o c u s e d on heavy -qua rk 
phys ics. Ronald Poling of Minnesota s h o w e d how the exper iments at 
C E R N ' s LEP e lec t ron -pos i t r on co l l ider have cha r ted semi lep ton i c 
d e c a y s . T h e B physics scenar ios , wh ich have been exp lored at LEP at 
high ene rgy and by C L E O at C E S R v ia upsi lon d e c a y s , are b e c o m i n g 
inc reas ing ly reconc i l ed w i th t he L E P s c e n a r i o , w h i c h is c lose r to 
theoret ica l predic t ions. 

In measur ing the pa ramete rs that desc r ibe the var ious in terquark 
decays , C L E O has m a d e c h a r m l e s s B decay (b quarks tha t decay 
di rect ly into light q u a r k s ) its spec ia l hun t ing g r o u n d . In t he more 
usual b decays ( into c h a r m e d qua rks ) m e a s u r e m e n t s f rom different 
exper imen ts are converg ing . 

Wh i le descr ib ing h e a v y - q u a r k l i fet imes a n d mix ing, G u y Blaylock 
of Massachuse t t s h ighl ighted val iant efforts to m e a s u r e and under -
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Heavy particles are 
hard to come by. 

s t a n d w h y di f ferent c h a r g e d 
s ta tes of h e a v y qua rks have 
d i f ferent l i fe t imes. In the p re -

AS a result, precision s e n t pa ramet r i za t i on o f q u a r k 
d e c a y s , t he mix ing of B quarks 

measurements in \s e x p e c t e d to be large, wh i le 

this sector are t h a t o f D < c h a r m) ^ u a r k s i s 

. . . , . , , e x p e c t e d to be s m a l l . T h e for-
W L D E L Y admired and m e r , says Blay lock, wil l lead to 
highly prized be t te r m e a s u r e m e n t s of t he 

exist ing s c h e m e , whi le the latter 
will prov ide a w i n d o w for new phys ics ef fects. 

A n d so to C P v io lat ion - the subt le v io la t ion of a s y m m e t r y that , 
ideally, shou ld reflect a part icle into a mirror image of its ant ipart ic le 
and v ice ve rsa .Two major exper iments have recently a n n o u n c e d new 
m e a s u r e m e n t s of "d i rec t " C P v io la t ion (CERN Courier S e p t e m b e r 
p6) b rought abou t by quark t rans i t ions. Edward B lucher of Ch icago 
spoke for the KTeV s tudy at Fermi lab a n d Gi les Barr of C E R N for the 
N A 4 8 expe r imen t . C E R N e x p e r i m e n t s have h a d quant i ta t i ve e v i ­
d e n c e of th is e f fec t s i nce 1993 , wh i le a c o n t e m p o r a r y Fe rm i l ab 
exper imen t had pub l i shed a result compa t ib le wi th zero direct C P 
v io la t ion. Af ter m a n y years of a n g u i s h e d doubt , direct C P v io lat ion 
now looks here to stay. However , the years of d i l emma under l ine the 
di f f icul ty in m a k i n g t h e s e m e a s u r e m e n t s . W i t h t he ob jec t i ve of 
measur ing direct C P violat ion to wi th in 5%, both exper iments have a 
lot more data to a n a l y s e . T h e C E R N s tudy con t inues . 

Se rgo Ber to lucc i desc r i bed how t h e K L O E detector , at the n e w 
D A F N E phi f a c t o r y at t h e I tal ian Frascat i Labora to ry , wil l exp lo re 
addi t ional aspec ts of neutral kaon phys ics v ia phi decays and cou ld 
round off the kaon p ic ture. Hopefu l ly , B phys ics will s o o n o p e n a 
new, a n d w ider , w i n d o w o n C P v io l a t i on , w h i c h has s o far b e e n 
conf ined to the s t range wor ld of t he neutra l kaon . 

C o m p l e m e n t a r y to the heavy quark is t he heavy tau lepton, wh ich 
is the only weak ly interact ing part ic le h e a v y e n o u g h to decay into 
st rongly interact ing par t ic les .Tau spec ia l is t An ton io Pich of Va lenc ia 
su rveyed the tau s c e n e at S tan fo rd .Tau phys ics at e lec t ron-pos i t ron 
col l iders, inc lud ing sp in ef fects , p rov ides a va luab le labora to ry in 
wh ich to exp lore the phys ics of w e a k in teract ions a n d the behav iour 
of heavy quarks . 

" B decays , t he unitar i ty t r iangle a n d the un i ve rse " w a s the cha l -
lengingt i t le ass igned to A d a m Falk of J o h n s Hopk ins for his review of 
heavy -qua rk p h y s i c s . T h e interrelat ion of the var ious poss ib le quark 
decays has a se l f -cons is ten t paramet r iza t ion ( the C a b i b b o - K o b a y -
a s h i - M a s k a w a matr ix ) , wh ich g ives s o m e degree of predict ive power 
but c a n n o t be de r i ved f r o m first p r inc ip les . W h a t m a k e s it w o r k ? 

T h e imaginat ive title w a s a reference to the current d o g m a that CP 
v io la t ion, a m e c h a n i s m tha t is m u c h s tud ied a n d well d o c u m e n t e d 
but still not entirely unde rs tood , is ul t imately responsib le for the d is­
a p p e a r a n c e of the ant imat ter half of the Big Bang. 

T h e new B sec to r will sub jec t th is phys ics to m u c h w ide r scrut iny 
and cou ld reveal as yet u n s e e n ef fects. Falk asked if the n e c e s s a r y 
formal ism w a s ready to enab le all of these p rocesses to be ana lysed 
consistent ly. 

A t the turn of the m i l l enn ium, h e a v y - q u a r k phys ics is a lso po ised 
to enter a new era . • 
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PROTON STRUCTURE 

Deep import of deep 
inelastic scattering 
The quest goes on to try to pin down the detailed inner structure of the proton. 

The problem is that, the harder physicists look, the more structure they find. 

Deep implications of deep inelastic scattering. Left to right: Ulrich Gensch, head of DESYZeuthen; Brandenburg Minister of Culture 
and Research, Steffen Reiche; DESY research director and chairman of the directorate, Albrecht Wagner; local organizing 
committee chairman, Max Klein; and former head of DESYZeuthen, Paul Soding. 

In t he late 1960s, w h e n exper imenta l i s ts us ing e lec t ron b e a m s at 
S L A C , S tan fo rd , d iscovered tha t the pro ton con ta ined tiny scat ter ing 
cen t res , a new t ype of phys ics o p e n e d up : d e e p inelast ic scat ter ing 
( D I S ) . Ever s i nce , phys ic is ts have tr ied to peer d e e p e r a n d d e e p e r 
into the dep ths of the p r o t o n . T h e work of the H E R A e lec t ron -p ro ton 
col l ider at DESY, H a m b u r g , w a s to p robe th is inner pro ton s t ruc ture 
in more detai l t han had ever b e e n d o n e before . 

T h i s is o n e of t he great s u c c e s s s to r ies of H E R A . Howeve r , to 
capi ta l ize on this new w i n d o w on the pro ton a lso cal ls for in tense 
s tudy and coord ina ted effort. Af ter t he adven t of H E R A , abou t seven 

years ago , a ser ies of spec ia l i zed w o r k s h o p s b e g a n . 
Scat te r ing involv ing the cons t i tuen t " p a r t o n s " h idden inside the 

proton is the natural scenar io for q u a n t u m c h r o m o d y n a m i c s ( Q C D ) , 
wh ich is the field t heo ry of the const i tuent quarks and g luons. D IS99 
( the seven th DIS con fe rence ) w a s hos ted by D E S Y Z e u t h e n , sou th of 
Ber l in , ear l ier th is year. 

New results f rom the H E R A col l ider expe r imen ts were s u m m a r i z e d 
by Bernd Lohr ( D E S Y ) for Z E U S a n d by Tanc red i Carl i ( M u n i c h ) for 
H I . Ceci l ia Ge rbe r (Fe rm i l ab ) repor ted on t h e T e v a t r o n expe r imen ts 
a n d R o l a n d W i n d m o l d e r s ( M o n s ) r e v i e w e d sp in phys i cs resu l ts . 
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Q 2 / G e V 2 

Positron-proton scattering mediated by neutral (top curve: 
photon, Z boson) and charged (bottom curve: W boson) carriers 
as measured by the HI and the ZEUS collaborations at the 
HERA electron-proton collider at DESY, Hamburg. The neutral 
current measurement extends over many orders of magnitude. 
For squared momentum transfers (Q2) of the order of the mass 
of the weak interaction particles squared, the strength of the 
neutral and charged current interactions becomes comparable 
- a long-predicted feature of the standard electroweak theory. 
Meanwhile, data have been taken and analysed with electrons 
scattered off protons where the charged current interaction 
even exceeds the neutral current interaction because the 
exchanged W boson couples dominantly to the more abundant 
u quarks instead ofd quarks). The very high Q2 region will be 
explored in detail in the HERA high-luminosity running, which is 
scheduled to start in early 2001. 

Recen t deve lopmen ts in Q C D were s u m m a r i z e d by Wi l ly van N e e r v e n 
( L e i d e n ) . T w o d a y s of para l le l s e s s i o n s f o c u s e d on s t ruc tu re 
func t ions , d i f f ract ion, f inal s ta tes a n d sp in phys ics . 

T h e work ing group on st ructure func t ions w a s conduc ted by Ursula 
Bass l e r ( P a r i s ) , Eric L a e n e n ( N I K H E F ) , A r n u l f Q u a d t ( C E R N ) a n d 
Heidi S c h e l l m a n ( N o r t h w e s t e r n ) . 

S t r u c t u r e f u n c t i o n s 
H E R A p robes low x, wh i ch is the m o m e n t u m f ract ion car r ied by the 
s t ruck quark , d o w n to a b o u t 10" 6 . N e w prec is ion is a c c o m p a n i e d 
by impress ive theoret ical work on the g luon d y n a m i c s in this doma in 
a n d on the t rans i t ion b e t w e e n t he d e e p inelast ic a n d t he pho to -
p roduc t ion reg imes . 

S t a n d a r d pe r tu rba t i ve Q C D f ie ld t h e o r y h a s no a p p a r e n t 
dif f icult ies in accoun t i ng for t he behav iou r of t he pro ton s t ruc ture 
d o w n to su rp r i s ing ly low v a l u e s of x a n d of m o m e n t u m t rans fe rs 
( Q 2 ) . Efforts are u n d e r w a y to ex tend Q C D ca lcu la t ions , cover ing the 
"nex t to next to lead ing o r d e r " . T h i s is a cha l leng ing task, wh i ch will 
subs tan t ia l l y reduce the theore t ica l uncer ta in t ies . 

T h e e m e r g i n g role of H E R A as a m a c h i n e for p rec is ion tes ts of 
Q C D is c o m p a r a b l e to tha t of C E R N ' s LEP e lec t ron -pos i t ron col l ider 

for tes t ing the e lec t roweak theory . W i t h inc reas ing H E R A col l is ion 
ra tes , t he da ta at large Q 2 a p p r o a c h t h e reg ion w h e r e p ro ton 
s t ruc ture is p robed by the W a n d Z w e a k b o s o n s and the g luon a n d 
qua rk d is t r ibu t ions b e c o m e m e a s u r a b l e even at large x , w h e r e 
uncer ta in t ies are cur rent ly still s i zab le . 

T h e puzzl ing e x c e s s of h igh Q 2 even ts at large x, wh i ch we re first 
o b s e r v e d by H I and Z E U S in 1997, w a s repor ted to be reduced after 
more data had been a c c u m u l a t e d . T h e m a n y new resul ts f rom va r i ­
ous sec to rs led Heid i S c h e l l m a n to c o n c l u d e tha t the " res t of the 
wor ld keeps up wi th D E S Y " . 

Di f f r a c t i v e i n t e r a c t i o n s 
T h e work ing g roup on di f f ract ive in teract ions w a s o rgan ized by Mike 
A lb row ( F e r m i l a b ) , R i c c a r d o B r u g n e r a ( P a d o v a ) , M a r k u s D ieh l 
( D E S Y ) a n d Doug las J a n s e n ( H e i d e l b e r g ) . O n e ear ly obse rva t ion at 
H E R A w a s that abou t 10% of e l ec t r on -p ro ton even ts have little to 
s h o w in the f o r w a r d , p ro ton d i rec t i on . T h e e lec t ron in teracts w i th 
s o m e t h i n g a c c o m p a n y i n g the pro ton rather t han the pro ton itself. 
Th is s t imu la ted the revival of interest in "d i f f ract ive" scat ter ing. 

Impress ive new data shou ld lead to a bet ter unders tand ing of this 
d i f f ract ive d e e p ine last ic a n d p h o t o p r o d u c t i o n sca t te r ing . T h e o r ­
et ical wo rk s h o w e d that the di f f ract ive e l ec t ron -p ro ton in teract ion, 
as for o ther hard-sca t te r ing p r o c e s s e s , fac tor izes into a convo lu t ion 
of a par ton d ist r ibut ion wi th an e l e m e n t a r y scat ter ing p rocess . In 
hard h a d r o n - h a d r o n p rocesses , however, addi t ional soft interact ions 
b e t w e e n the two initial h a d r o n s c a n occur . S u c h in terac t ions are 
e x p e c t e d to s u p p r e s s the di f f ract ive e f fec ts . T h i s may exp la in t he 
appa ren t d i f fe rences b e t w e e n the H E R A a n d T e v a t r o n ( p r o t o n - a n t i ­
proton) m e a s u r e m e n t s . Success fu l a t tempts were repor ted to imple­
men t di f f ract ively p r o d u c e d str ing topo log ies into the s imu la t ion of 
the e lec t ron -p ro ton in teract ion f inal s ta te . 

T h e sess i on on hadron ic f inal s ta tes w a s ano the r e x a m p l e of t he 
fruitful co l labora t ion b e t w e e n the H E R A , LEP a n d T e v a t r o n expe r i ­
men ts . T h e sess i on w a s coo rd ina ted by Marce l lo Cacc iar i ( C E R N ) , 
F rank C h l e b a n a ( F e r m i l a b ) , Laure l S inc la i r ( G l a s g o w ) a n d Mark 
W e b e r ( H e i d e l b e r g ) . D e e p inelast ic p r o c e s s e s p roduc ing two nar­
rowly con f ined sp rays of par t ic les ( "d i je ts " ) we re used to de te rm ine 
the g luon d is t r ibu t ion at large x by t he H I e x p e r i m e n t a n d t he 
q u a r k - g l u o n interact ion coup l ing cons tan t by the Z E U S exper iment . 
Inc lus ive je t p roduc t ion at t h e T e v a t r o n p rov ided a new d e t e r m i n a ­
t ion of th is quant i ty, c o m p a r a b l e to p rev ious fits of d e e p inelast ic 
scat ter ing s t ruc tu re . 

Di jet p roduc t i on a lso re f lec ts t he q u a r k - g l u o n s t ruc tu re of t he 
p h o t o n , a n d L E P a n d H E R A da ta w e r e p r e s e n t e d on t he g l uon 
con ten t of the p h o t o n . S o m e pho ton d ist r ibut ion paramet r i za t ions 
require rev is ion ow ing to n e w m e a s u r e m e n t s of the v i r tual pho ton 
s t ruc ture . Iso lated lep tons w i th high t r ansve rse energy , o b s e r v e d by 
H I , so far h a v e no c o n c l u s i v e i n te rp re ta t i on . T h e o r e t i c a l a n d 
s imu la t ion work f o c u s e d on the low x reg ion a n d the descr ip t ion of 
g luon e m i s s i o n . 

S p i n p h y s i c s 
T h e parallel sess ion on spin phys ics w a s organized by Michael Duren 
(E r l angen ) and W e r n e r Voge l sang (S tony B rook ) . A m o n g new exper i ­
men ta l resu l ts w a s t he f irst ind ica t ion of a pos i t ive g luon po la r i -
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zat ion , obta ined f rom unlike charged pairs of hadrons p roduced at 
large m o m e n t u m transfer, and the unexpec ted observat ion of a spin 
a s y m m e t r y in r ho -meson product ion by the new H E R M E S exper i ­
men t at H E R A . 

Data f rom S L A C (S tan fo rd ) , C E R N and D E S Y exper iments deter­
mined the spin structure funct ion. Its behav iour is in agreement with 
Q C D . T h e s e m e a s u r e m e n t s , as wel l as resul ts f rom S M C and 
H E R M E S , al low the polar ized up and d o w n quark distr ibut ions to be 
d e t e r m i n e d accu ra te l y at larger x. However , the po lar ized g luon 
distr ibut ion is not yet known and the unaccountab i l i ty of the proton 
sp in in t e r m s of its cons t i tuen ts - t he "sp in cr is is" - r ema ins . Its 
resolut ion will require data f rom the upgraded H E R M E S exper iment 
a n d f rom the next genera t ion of po lar izat ion expe r imen ts -
C O M P A S S at C E R N and S T A R / P H E N I X at the polar ized RHIC coll ider 
- in order to d isentangle the quark and the g luon contr ibut ions to 
the proton sp in . 

T h e f u t u r e o f D I S 
A specia l sess ion looked at the future of deep inelastic scat ter ing. 
T h e f irst p resen ta t i on , by Jo rge Morf in ( F e r m i l a b ) , repor ted 
Fermi lab 's p lans for fu ture neut r ino expe r imen ts us ing the NuMI 
b e a m , and studies of neutr ino b e a m s f rom a m u o n collider. Dietrich 
von Har rach (Ma inz) exp la ined how sp in physics could be ex tended 
to low x and high Q 2 as well as to the polar ized photon st ructure by 
accelerat ing polarized protons in H E R A . Another future H E R A opt ion, 
as emphas i zed by Mark St r ikman ( D E S Y / P e n n s y l v a n i a s ta te ) , is the 
accelerat ion of nuclei in order to s tudy e lec t ron-neu t ron scat ter ing 
in the H E R A k inemat ic range, as well as other nuc lear p h e n o m e n a 
us ing heavy nuc le i , wh ich c a n n o t be a c c e s s e d wi th the cur rent ly 
at ta inable b e a m energ ies in e lec t ron-p ro ton col l is ions. 

To mark D IS99 , H E R A ran at the record luminosi ty of two inverse 
p icobarns per week. Albrecht Wagner ( D E S Y ) reported on the prepar­
at ions to quadrup le HERA's luminosi ty dur ing next year 's shu tdown 
and presented DESY 's s h o w c a s e T E S L A , a superconduc t ing l inear 
e lec t ron-pos i t ron accelerator in the 500 G e V to 1 TeV range, wh ich 
cou ld be c o m b i n e d wi th an X- ray f ree-e lec t ron laser. W a g n e r and 
Y v e s Sirois (Par is) pointed out that T E S L A could a lso be used to col­
lide electrons of up to 500 G e V with protons in H E R A of near ly 1 TeV, 
wh i ch wou ld al low the inner s t ruc tu re to be exp lo red d o w n to 
2 x 10~ 1 9 m. D E S Y has init iated a s tudy of this opt ion in the T E S L A 
techn ica l des ign report. 

Erwin Gabathu le r (L iverpool ) s u m m a r i z e d the w o r k s h o p . T h e low x 
behaviour, which is measu red with increasing precision by the H E R A 
exper imen ts , is essent ia l in unde rs tand ing wha t h a p p e n s at high 
g luon dens i t ies , and a lso to pred ic t re l iably wha t will h a p p e n to 
C E R N ' s LHC interact ion rates. Increas ing precis ion leads to crucial 
tests of Q C D , including unexp la ined events at ext remely high Q 2 and 
t ransverse energy. Mach ine and detector upgrades lead H E R A into 
the next mi l lennium with a cha l leng ing mid- term p rog ramme to use 
e lec t roweak interact ions for probing the nuc leon s t ruc tu re .The next 
DIS con fe rence will take p lace in L iverpool next Apr i l . 

T h e p roceed ings of D IS99 are ded ica ted to the m e m o r y of D E S Y 
director Bjoern Wi ik, w h o died in February . His outs tand ing pe rson ­
ality and scienti f ic ach ievemen ts were recal led by Aha ron Levy (Tel 
A v i v ) , cha i rman of the workshop ' s internat ional adv iso ry commi t -

At the recent DIS99 workshop Erwin Gabathuler of Liverpool 
emphasized the need for "precision and more precision". 

t ee , and B r a n d e n b u r g min is ter of cu l ture a n d research Ste f fen 
Re iche , w h o under l ined the impor tance of real iz ing B joern Wi ik 's 
v is ion , wh ich led to the creat ion of H E R A and has s h a p e d , so dec i ­
sively, the p lans f o r T E S L A . 

M a x K l e i n , DESYZeuthen. 
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M A Y B E INTERESTED TO KNOW THAT YOU CAN NOW PUBLISH YOUR CONTRIBUTIONS IN A NEW 

SECTION of Journal of Physics G: Nuclear and Particle Physics. 

R e s e a r c h n o t e s f r o m 
c o l l a b o r a t i o n s 
The new category of research notes 
will enable you to give your own 
work the exposure it deserves. 
Research notes can consist of early 
results of analysis, detector 
development , s imulat ions, or other 
internal material. Journal of Physics 
Gwi l l publish research notes which 
satisfy its normal high s tandards of 
quality and interest. The aim is to 
provide the nuclear and particle 
physics communi ty with access to 
important material which would not 
otherwise be available in a refereed 
journal . 

W h y Journal of Physics Gl 
Journal of Physics G is establ ished, 
authoritative and an important 
publication in its field. Research 
notes f rom collaborations 
contributors will benefit f rom 
external refereeing (al though 
col laboration refereeing will be 
taken into account ) , print and 
online exposure, and guaranteed 
rapid publication for accepted 
articles. Authors retain the right to 
circulate paper or electronic copies 
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non-commercia l manner. 

A n e w k i n d o f a r t i c l e f o r a n e w 
k i n d of a u t h o r 
Research notes f rom col laborat ions 
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for anyone currently working within 
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nuclear and particle phys ics .The 
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authors to reach a far wider 
scientific communi ty than would 
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forward to hearing f rom you . 
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Summers 
in St Croix 
revisited 
An unlikely blend of geography, sponsorship 
and physics focus seems to work. Founding 
director Tom Ferbel describes a 20-year 
tradition of NATO-sponsored physics study 
institutes in the West Indies. 

S t Croix Physics institute director Tom Ferbel at work. 

My wi fe Barbara and I p icked B e r m u d a for our first fami ly vaca t ion . 
However , a delay in our bubb le c h a m b e r run at S L A C fo rced us to 
change p lans and we w o u n d up ins tead in the less popular , s leepy 
is land of St Croix in the US Virg in Is lands (par t of the Leeward Island 
a rch ipe lago) . It w a s hot, beaut i fu l and relaxing. 

S o m e 10 years later, I heard tha t the Wes t Indies Lab at S t Croix 
w a s o p e n i n g a c o n f e r e n c e cen t re a n d I t h o u g h t it w o u l d be 
wonder fu l to offer our hard-work ing graduate s tudents and pos tdocs 
at Fermi lab an oppor tun i ty to have a bit of fun in the sun a n d , s imu l ­
taneous ly , learn s o m e part ic le phys ics . T h e r e were a l ready severa l 

SUMMER SCHOOLS 

schoo ls for theor is ts at that t ime, so I dec ided to p ropose a s u m m e r 
institute for exper imen te rs . 

It t u rned out to be far eas ier to m a k e the proposa l than it w a s to 
f ind suppor t for it. Af ter I fa i led wi th our s tandard fund ing agenc ies , 
Maur ice J a c o b s u g g e s t e d tha t I tu rn to NATO. Be ing a con f i rmed 
paci f ist , I fel t a w k w a r d dea l ing w i th N A T O . However , the i r to ta l ly 
defence-or iented posture (at that t ime) pe rsuaded m e to t ry Jacob ' s 
idea. It w o r k e d . For the past 20 years , NATO 's Div is ion of Scient i f ic 
Affairs has been gene rous and f lexible in its suppor t of the biennial 
A d v a n c e d S t u d y Inst i tute ( A S I ) . In add i t i on to N A T O , the A S I at 
St Croix has been s u p p o r t e d th roughou t by the US Depa r tmen t of 
Energy , t he U S Nat iona l S c i e n c e F o u n d a t i o n , Fe rm i lab a n d the 
Univers i ty of Rochester . 

On ly o n c e did NATO balk at the schoo l be ing held in the Vi rg in 
Is lands, so that year it w a s t rans fer red to Lake George in N e w York 
Sta te . However , N A T O ag reed that St Cro ix w a s p robab ly no m o r e 
exot ic to A m e r i c a n s t h a n Cors i ca is to E u r o p e a n s , a n d w e w e r e 
a l lowed to return to the C a r i b b e a n . 

St Croix is, of cou rse , qui te exot ic , but w e m a n a g e d to su rv i ve the 
mons t rous cock roaches , po i sonous t rees and fruit, the unbel ievably 
s t rong sun and even the hur r i canes . It has been a great adven tu re , 
f rom both a scientif ic and a social perspect ive. Many of the s tudents 
have b e c o m e r e s p e c t e d leaders in t he f ie ld a n d , as far as I c a n 
recal l , on ly two eventua l ly sw i t ched to theory . Fo rmer lecturers have 
con t inued to m a k e impor tan t cont r ibu t ions to part icle phys ics and 
an unusua l l y large n u m b e r have b e c o m e directors of laborator ies 
such as C E R N , DESY, Fermi lab , ITER ITP and S L A C . 

T h e s c i e n t i f i c p r o g r a m m e 
T h e s p e a k e r s w e r e a l m o s t a lways s u p e r b a n d the s t uden t s fu l ly 
engaged . A l though the lectures were in tense, eve ryone had f u n . T h e 
in formal in te rac t ions a n d re laxed a t m o s p h e r e of ten rek ind led 
en thus iasm for phys ics in s tuden ts w h o s e mora le w a s ebb ing at the 
end of their P h D s tud ies , and the camerade r i e led to the forg ing of 
last ing pro fess iona l t ies a n d f r i endsh ips a m o n g the par t ic ipants . 

T h e scient i f ic p r o g r a m m e w a s a lways the main focus at the A S I , 
wi th lectures that cons is ted of a mix ture of the mos t exci t ing top ics 
in the f ie ld - d e v e l o p m e n t s in acce le ra to r s , par t ic le de tec to rs , 
aspec ts of da ta acqu is i t ion and recons t ruc t i on , stat is t ics a n d , of 
course , the latest results f rom the forefronts of exper imenta l part icle 
phys ics and part ic le theory . Occas iona l d ivers ions into as t rophys ics 
and c o s m o l o g y we re a lways w e l c o m e a n d en joyab le . 

I can recall many unforget tab le images . Our tr ips into the rain for­
est and to the reefs of t he Buck Is land Unde rwa te r Nat ional Park 
were great. Konrad K le inknecht is still p roud of hav ing rescued an 
ove ren thus ias t i cYau Wai W a h f rom d rown ing , a f t e r W a h j u m p e d into 
the wate r to get a c loser look at the sea menager ie , w i thout the b e n ­
efit of a l i fe-jacket or any prev ious s w i m m i n g exper ience . 

It w a s fasc inat ing to hear Bob W i l son lecture on his s c h e m e s for 
bui ld ing a c h a r m / t a u fac to ry to fit in the park ing lot of Co lumb ia ' s 
Nev is Labs . A t tha t s a m e s e s s i o n , I p e r s u a d e d the youthfu l Chr is 
Qu igg to offer a ser ies of six lectures ( to save m o n e y on s p e a k e r s ) , 
and the poor fe l low spen t mos t of his t ime at St Croix wri t ing t rans­
parencies. He also d iscovered that the 150 proof Cruzian rum se rved 
as an excel lent e raser of p e r m a n e n t markers , so he cou ld not have 
been work ing all of the t ime. 

S t u d e n t s a n d lec turers rare ly m i s s e d any of t he s e s s i o n s . 
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SUMMER SCHOOLS 

St Croix 
Physics 
Study 
Institute 
director Tom 
Ferbel(left) 
with Mark 
Strovink and 
Bob Palmer 
(right). 

Consequent ly , w h e n mos t of our Med i te r ranean part ic ipants did not 
s h o w up for an even ing d i scuss ion , w e real ized that some th ing w a s 
awry . It t u rned out tha t Capt . G u i d o Mart inel l i had rented a large 
sai lboat a n d , far out of Chr is t iansted harbour, its rudder had broken. 
It kept going round in circles until Rosy Mondard in i saved the day by 
reach ing the Coas t Gua rd on the sho r t -wave radio. 

A n impress ive sight w a s J o h n l l iopoulos emerg ing f rom the sea 
wi th an e n o r m o u s parrot f ish that he had h a r p o o n e d . W e later ate it 
for dinner. T h e n there is the image of Nicola Cab ibbo en joy ing the 
cudd ly t eddy bear he w a s g iven by the s tuden ts . 

Mos t of the inst i tutes were held at the Hotel on the Cay, on a tiny 
speck of s a n d located in the scen ic ha rbour of Chr is t ians ted . T h e 

Cay cou ld on ly be r e a c h e d by mo to r boa t f r om the dock at 
Chr i s t i ans ted , a n d it w a s t o u g h luck if you got s tuck af ter hou rs 
un less you h a p p e n e d to be a v e r y s t rong sw immer , as Aurore Savoy 
and her bevy of admi re rs p roved on severa l occas ions . 

We were c lose to panic at least tw ice , and both t imes it involved 
f o o d . O n e even ing at d inner , s o m e o n e m a d e s o m e p layfu l , but 
chauv in i s t i c , r emarks a n d a p iece of f o o d w a s t h rown back in 
response .Th i s conf ronta t ion deve loped as c lose to a Mack Senne t t 
food f ight as I have ever w i t n e s s e d . My p leas for ca lm prevai led and 
they all m a d e up and par ted f r i e n d s . T h e o ther near -pan ic s i tuat ion 
occur red w h e n the ent ire k i tchen staff qui t on the first day of one of 
our meet ings . Barbara and I had to cook and se r ve breakfast , but 
for tunate ly by luncht ime w e were rescued by the beach restaurant . 

It has been a wonder fu l and educa t iona l exper ience to interact 
with all of the brill iant s tudents , lecturers and adv isers I have met as 
a result of organiz ing the AS I at St Croix. Next year, Misha Dani lov 
and Harr ison Prosper will be tak ing it over and I w ish t h e m as m u c h 
sa t is fac t ion a n d e n j o y m e n t as I have had runn ing it in the past . 

T o m F e r b e l , Rochester. An unusually articulate and eloquent 
scientist, Tom Ferbel has been scientific spokesman for a series of 
experiments. In addition he has served on numerous committees 
for the American Physical Society and for major US labs, and on 
the editorial boards of several prominent journals. He has written 
and edited several notable texts. 

Explore with us -
In the laboratory, in outer space, or below the earth's surface. 

Discover a scintillator to meet your requirements! 

B I C R O N 
Saint-Gobain industrial Ceramics, Inc. 

H I G H P E R F O R M A N C E 
P L A S T I C SCINTILLATORS 

C u s t o m a s s e m b l i e s , 
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F IBERS 
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c r o s s - s e c t i o n s , 
2 5 0 u m t o 5 m m 

B I C R O N 
In U S A : P h o n e : +1 440-564-2251 * F a x +1 440-564-8047 

In E u r o p e : P h o n e : 31 (35) 60 29 700 • F a x : 31 (35 ) 60 29 214 
In J a p a n : P h o n e : 81 (45) 474 5786 • F a x : 81 (45 ) 474 5787 

E x p l o r e o u r w e b s i te : h t tp : / /www.b ic ro r t . corn 
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A Saint-Gobain C o m p a n y 

I S O 9001 Certified 

H I G H P E R F O R M A N C E 
SCINT ILLAT ION CRYSTALS 

N a l ( T I ) , C s l ( T I ) , 
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S t a n d a r d a n d c u s t o m 
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r a d i a t i o n p r o t e c t i o n a n d 

s e c u r i t y a p p l i c a t i o n s 

C R I S M A T E C 
104, R o u t e d e L a r c h a n t - 77140 S a i n t - P i e r r e l e s N e m o u r s , F r a n c e 

P h o n e : 33 (1 ) 64-45-10-10 • F a x : 33 (1 ) 64-45-10-01 
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PEOPLE 

CERN honours Okun 
As ment ioned in the September issue (p39 ) , 
Lev Okun , head of the Theoret ical Physics 
Laboratory of Moscow's Institute for 
Theoret ical and Experimental Physics, recently 
celebrated his 70th birthday. 

Okun is one of the world's eminent e lemen­
tary particle physicists and is a leading figure 
in the field of phenomenology. He was a s tu­
dent of I Ya Pomeranchuk (who was a student 
of Landau) , and Landau once said about h im: 
"He is my grandson." His early work included a 
percept ive paper (with loffe and Rudik) on C 
violat ion, which showed that the existence of a 
long-l ived kaon does not prove C conserv ­
at ion. He invented a composi te model of 
hadrons (a term he co ined) , long known as 
the Saka ta -Okun model , and made many 
predict ions using it. In advance of Cabibbo's 
just ly famous paper, he made pioneering 
S U ( 3 ) predict ions about the equal i ty of the 
V / A ratios in pion and kaon ampl i tudes. 
Particularly noteworthy are his groundbreaking 
papers (with Kobzarev, Voloshin and 

Zeldovi tch) on vacuum domain walls and 
vacuum bubbles. From 1991 onwards , he 
worked, most ly with Novikov and Vyosotsky, on 
the analysis of electroweak correct ions in Z 
physics producing, among other things, a 
convenient "LEPtop" method. 

In addit ion to his scientific invent iveness, 
Okun is blessed with extraordinary pedagog­
ical talent and an almost unique gift for 
synthesis. Among his books, Weak 
Interactions of Elementary Particles and 
Leptons and Quarks are classics f rom which 
generat ions of experimental physicists have 
acquired greater understanding. He has been 
in continual demand as a keynote speaker at 
major international meetings. 

Okun has been a member of the Soviet 
A c a d e m y since 1966 and has also received 
the Matteucci , Lee Page, Pontecorvo and 
Open Society prizes as well as a Humboldt 
research award . From 1980 to 1985 he 
served as a member of CERN's Scientif ic 
Policy Commit tee. 

Lev Okun - widely admired. 

Introducing a special birthday tribute at 
C E R N on 21 September , director-general 
Luciano Maiani paid tribute to Okun as a 
" long-t ime fr iend of C E R N " and to his key role 
in shaping one of the world's great schools of 
particle physics in Moscow, despite enormous 
political and economic difficulties. 

Chief scientific adviser to the UK Government , S i r R o b e r t M a y (second from right), inspects 
contruct ion work for CERN's LHC project with (left to right) UK CERN delegate I a n H a l l i d a y 
CERN engineer T i m W a t s o n , LHC project director L y n E v a n s and CERN Scientific Policy 
Commit tee chai rman G e o i ^ e K a l m u s 

NewatBrookhaven 
At Brookhaven, two new organizat ions have 
been fo rmed f rom the RHIC project and the 
Alternat ing Gradient Synchrot ron Department . 

The new Coll ider Accelerator Depar tment 
will operate and manage the R H I C - A G S accel ­
erator complex and exper iments, manage the 
design and construct ion of the Oak Ridge 
National Laboratory Spallat ion Neutron 
Source accumulator ring, and design and 
construct a new heavy- ion facility from the 
Brookhaven Booster for radiobiology research. 
D Lowenstein is the depar tment cha i rman, 
W T Weng is his d e p u t y j Roser is head of the 
Accelerator Division and P Pile is head of the 
Exper imental Suppor t and Facilities Division. 

T h e new Superconduct ing Magnet Divis ion, 
headed by M Harr ison, is responsible for 
Brookhaven's role in magnet design and con­
struct ion for CERN's LHC collider, as well as 
RHIC superconduct ing magne ts .T Kirk cont in­
ues as associate laboratory director for 
h igh-energy and nuclear physics. Former RHIC 
project head , S Ozaki , has been designated 
associate laboratory director for RHIC during 
the operat ions per iod. 
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PEOPLE/NEW PRODUCTS 

Witherell picks his 
team at Fermilab 
Michael" Witherel l , Fermilab's fourth director, 
slid into the driving seat this summer . He 
succeeds John Peoples, who recently s tepped 
down after a decade that spanned the 
construct ion of the Main Injector, the new hub 
of the laboratory's particle beams, and the 
discovery of the top quark. Ironically, the latter 
came first. 

In Witherel l 's new management l ine-up, 
former Beams Division head , S tephen 
Ho lmes, becomes associate director for 
accelerators. Michael Shaevi tz, former ly 

N E W P R O D U C T S 

High-vacuum isolation valves 

VATVakuumvent i le A G , Swi tzer land, is intro­
ducing a new series of a luminum 
h igh-vacuum isolation valves. Wi th no cams or 
bearings in the process envi ronment , these 
valves are especial ly compat ib le with 
demand ing semiconductor appl icat ions such 
as Etch and CVD. 

T h e VAT Series 16.5 Pendulum Isolation 
Valve features a pneumatical ly ac tuated, 
spr ing to c lose, pendu lum gate plate and 
locking ring assembly that offers virtually 
particle free operat ion and a low level of 
vibrat ion during opening and closing. 
Designed for harsh semiconductor processes, 
these valves signif icantly increase operat ing 
in terva ls .The split body design of the valve 
al lows for easy access to the removable pen ­
du lum plate and locking ring, for c leaning and 
adjustment- f ree installation. 

director of Columbia 's Nevis Laboratory, 
becomes associate director for research. 

Deputy director Kenneth Stanfield cont in­
ues in his current posit ion, as do Bruce 
Chr isman and George Robertson as associate 
directors for administrat ion and operat ions 
suppor t respectively. 

John Marriner becomes head of the Beams 
Division a n d T o m Nash is special adviser to 
the director on comput ing and government 
policy. Particle Physics Division head John 
Cooper ,Technica l Division head Peter Limon 

T h e compact Series 16.5 Pendulum 
Isolation Valve is offered in a luminum and 
hard-anodized a luminum with a choice of 
e lastomer seals to match the appl icat ion. 
Avai lable in sizes ranging from DN 63 to 
320 m m with optional features such as a 
heater package and temperature control . 

For more information contact your nearest 
VAT representat ive. 

Permanent magnets 
A new range of high-field homogenei ty c o m ­
pact magnets f rom Metrolab has large 
apertures. They are available for field 
strengths 0.01 to I T . For more information 
e-mail "contact@metro lab.ch" or see 
"h t tp : / /www.met ro lab .com" . 

The new high-field homogeneity compact 
magnet from Metrolab. 

Michael Witherell - new team. 

and Comput ing Division head Matthias 
Kasemann cont inue in their posit ions. 

MICRO-ICCD camera 

Photonic Science's MICRO-ICCD camera. 

Photonic Sc ience 's MICRO-ICCD is a rugged, 
sel f -conta ined, intensif ied CCD camera in a 
sub-miniature housing. Designed with helmet 
mounted and remote pilotless vehicle oper­
ation in mind, the MICRO-ICCD has an 
extremely smal l vo lume and a very low mass, 
making it the ideal choice for all s ize /we ight -
critical low-light and night vision imaging 
appl icat ions. 

PSL have recently taken part in trials of their 
new miniature ICCD camera in zero-G condi ­
t ions aboard an ESA Ai rbus.Thi r ty zero-G 
sess ions were accompl ished during the flight, 
each sess ion lasting approximately 30 s. 

Each exper iment aboard the flight is pack­
aged as it would be on a satellite launch and 
runs automat ical ly .The PSL exper iment, 
des igned with the col laborat ion of the 
University of Delft, s tudies the behaviour of 
osteoblasts in zero -G condit ions. 

For more information contact Diane Brau, 
tel. 00 33 4 76 93 57 20. 
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A N S A L D O E N E R G I A Via N. Lorenzo, 8 
16152 G e n o v a 

tel. +39 010 655511 
fax +39 010 6556209 

Ansa ldo Energia is a major global player in the p o w e r generat ion business, 
o f fer ing an extens ive range of products and services to the market . Ansa ldo 
Energia has over 100 years 'exper ience in the power generat ion business and an 
installed capacity of more than 138,000 M W in over 70 countr ies. O n e of our 
major strenghts is a global, full service organizat ion w i t h a flexible approach to 
p o w e r projects. 

A N S A L D O E N E R G I A began the col laborat ion w i th C E R N th rough its Magne t 
Uni t , in the early seventies and is today extensively involved in the manufacture 
of many of the magnet ic systems w h i c h make up the L H C machine and L H C 
detectors, including the collared coilsfor the T w i n SC Dipoles and the Atlas Detector 
barrel toroid superconduct ing coils. 

Ansaldo Energia est un des majeurs protagonistes globaux du marche de 
I'Energie, avec son ample gamme de produits et services, Ansaldo Energia a plus 
de 100 ans d'experience dans la production d'energie et a installe une capacite 
superieure a 138.000 MW dans plus de 70 pays. Un de nos principaux points 
forts est notre organisation globale comprenant tous les services et notre approche 
flexible aux projects energetiques. 

ANSALDO ENERGIA a commence la collaboration avec le CERN au debut des 
annes soixante-dix a travers "I'Unite Aimants" Ansaldo qui s'occupe actuellement 
de la fabrication de nombreux systemes magnetiques rentrant dans la composition 
des machines et detecteurs LHC, comprenant egalement les "collared coils" pour 
les Twin SC Dipoles et les bobines supraconductrices pour le recipient toroidal 
du Detecteur ATLAS. 

V i a U g o Foscolo, 50 
36034 Malo (V I ) 

tel. +39 0445 580830 
fax +39 0445 587578 

Raw materials supplies: aluminium alloys. Manufactur ing techniques of casting 
and mould ing: a lumin ium alloys. Sheet metal w o r k : a lumin ium alloys * 1mm. 
Precision machining w o r k of med ium sizes (5-100 kg) . Specialized techniques: 
comb ined techno logy assemblies, f ibreglass. Var ious systems of refr igerat ion 
equipment . Storage and t rasport of c ryogens : vacuum-insulated tanks (dewars 
and cryostats) and w i th reflecting layers, tanks insulated w i t h cooled screens, 
p ipework insulated at atmospheric pressure, vacuum insulated transfer lines. Low-
temperature materials: c ryogens. V a c u u m componen ts and chambers: bel lows. 

Fournitures de matieres brutes: alliages d'aluminium. Techniques de fabrication 
des coulees et moulages: alliages d'aluminium. Travaux sur pleques de metal: 
alliage d'aluminium 1mm. Travaux d'usinage de precision sur tallies moyennes (5-
100kg). Techniques specialisees: assemblage de technologies mixtes, fibre de 
verre. Systemes divers de material de refrigeration. Stockage et transport de 
cryogenes: reservoirs etanches a vide (ampoules et cryostats) avec couches 
reflecteurs, reservoirs etanches avec filtres refrigerants, canalisation isolees a 
temperature atmospherique, lignes de transfert isolees a vide. Materiaux a basse 
temperature: cryogenes. Composants a vide et chambres: soufflets. 

C±.A. rsnc 
di Luigi Lagni e A lbe r t o & C . snc 

Equipments for chemical, pharmaceutical, aerospace and research 

V i a V icenza , 2 
36015 Schio (V I ) 

tel. +39 0445 673030 / +39 0445 673315 
fax +39 0445 511782 

Equipements pour la recherche chimique, pharmaceutique et aerospatiale. 

V i a Vetraia, 11 
55049 Viareggio ( L U ) 

tel. +39 0584 388398 
fax +39 0584 388959 

Electronic Instruments for High Energy Physics experiments in different standards 
( N I M , C A M A C , V M E , etc.) and custom deve lopment : A D C ' s and T D C ' s , Logic 
Unihts, Scalers, Gate & Delay Units, Discriminators and more, obtaining a complete 
l i ne o f f r o n t - e n d m o d u l e s . L e a d e r in t h e H I G H V O L T A G E f i e l d . 
Appl icat ions range f r om the single channel up to thousands of channels used in 
large experiments (from 3V to 20kV and f rom 1nA to 100mA). M I C R O E L E C T R O N I C 
design centre. 

Instrumentation electronique pour les experiences de Physique des Hautes Energies 
dans les divers standards (NIM, CAMAC, VME, etc.) et developpements sur 
commande: ADC/TDC, modules logiques, echelles, portes, lignes a retard et 
autres discriminateurs, pour constituer une gamme complete de modules 
exploitables sur "front-end". Leader dans le domaine de I'HAUTE TENSION. La 
gamma haute tension comprend des modelas a sorte uniques et a sortie multiple 
pour de grosses experiencees prevoyantes plusieurs milliers de canaux (de 3V a 
20KV et de 1nA a 100mA). Centre de project MICRO-ELECTRONIQUE. 

W f a n 

V i a Ivrea, 92 
10016 Monta l to Dora ( T O ) 

Consorzio 
Canavese 
Export 

A C T I V I T Y : Electrotechnics, Electronics, Informatics, Mechanics, Cold Appliances 
f o r I ndus t r y , V a r i o u s , Inst i tu tes f o r Research and techn ica l d e v e l o p m e n t 

tel. +39 0125 650822/650616 
fax +39 0125 650457 

ACTIVITES: Electrotechnique, Electronique, Informatique, Construction Mecanique 
et Equipement, Technologie du Vide et des basses Temperatures, Divers, Etudes 
Prestations Diverses 

njj, 

V i a Fiume Gallo, 
00144 Roma 

IMPIANTI INDUSTRIAL! 

tel. +39 06 52200000 (r.a.) 
fax +39 06 5293818 

T h e M . C . C . ( M o t o r Con t ro l C e n t e r ) f r a m e w o r k is an innova t i ve produc t 
protected by a Patent. O n e of the main features of this product is its structure 
wh ich is composed of eight separate units that can be easily assembled on site. 

Le cadre M.C.C. (Motor Control Center) est un produit innovateur brevete. 
Une de ses caracteristiques principales reside dans sa structure composee de huit 
unites qui sont independantes et facilement assemblages sur le lieu meme 
dell'installation. 

E R N E S T O 
M A L V E S T I T I 

V i a Risorgimento, 205 
20092 Cinisello B. (Ml ) 

It has been designing and manufactur ing high precision press tools. 

tel. +39 02 618731 (r.a.) 
fax +39 02 6128300 

La societe concoit et realise des outils de decoupage de grande precision avec 
les parties tranchantes en acier et en metal dur, pour la deformation a forid de 
la idle. 



Via Santa Maria Maddalena, 12 
38100 Trento 

SPA 

tel. +39 0461 260552 
fax +39 0461 260617 

Products: Cameras 256x256-pixel C M O S digital; Processors: three different 32-
processor " T o t e m " neural processor chips; PCI and industrial C o m p a c t PCI 64 
processor boards; PC/104 32 - processor board ; Sys tem: 1 to 1024 node " T o t e m 
F a r m " neurocompute r ; Industrial v is ion sys tem w i t h 1-3digital cameras. Des ign 
services. 

Produits; cameras 256x256 pixel CMOS digitales; Processeurs: trois differents 
processeurs 32 "Totem" puces processeurs neural: PCI et Compact industrial PCI 
64 panneaux processeurs; PC/104 32 - panneaux processeurs; Systeme: 1 a 1024 
nocuds "Totem Farm" neuro-ordinateur; Systeme de vision industrielle a I'aide del 
- 3 cameras digitales. 

Via Jacopo Linussio I 
Zona Industrial 
33020 Amaro (UD) 

tel. +39 0433 486263 
fax +39 0433 486263 

T h e product line includes: PC/104 modules ( C P U , A d d - o n , Data-acquisi t ion); 
Slot-board C P U s ( ISA and P C I ) ; C o m p a c t PCI C P U s and A d d - o n cards; O E M 
systems for automot ive , te lecommunicat ions, security and industrial au tomat ion. 

Cette ligne de produits inclut: Modules PC/104 (CPU, Rajouts - Acquisition 
de donnees); Panneau a fentes CPUs (ISA et PCI); Compacts PCI CPU et cartes 
d'expansion de la memoire; Systemes OEM pour telecommunications automatiques. 
Automatisation industrielle et securite. 

K A P ^ M M V M H H H Via Tito ed Ettore Manzini, 7/a 
• S f t £ L £ I U S B E H s .pA Loc. Scarzara 

43040 Parma 

Ult ra high vacuum field; Advances equ ipment and instrumentat ion in research 
and deve lopment of n e w technologies and applications in the U H V field; Design 
and deve lopmen t of systems and plants; A f t e r sale service fo r maintenace and 
repair; T ra in ing and refresher courses ( v a c u u m sector ) ; Special appl icat ions as: 
epitaxial systems ( O M B E , BME) , deposition systems, mass spectrometers, cryogenics 
assemblies, evaporators. 

tel. +39 0521 949311 
fax +39 0521 949300 

Secteur de I'ultra haut vide; Activite de recherche et development de tecnologies 
et applications innovatrices dans le secteur de I'UHV; Project et development 
des systemes et installations; Service apres vente pour maintenances et reparations; 
Cours de formation et stages de perfectionnement (sector vide); Applications 
speciales telles que: systemes pour la deposition des materiaux, spectrometres 
de masse, systemes criogeniques, evaporateurs. 

Viale Italia, 77 
20020 Lainate (Ml) 

tel. +39 02 93178.1 
fax +39 02 93178250 

g e t t e r s 

Evaporable and N o n Evaporable Get ters fo t the electronic and lamp industry; 
Alkali Meta l Dispensers; N o n Evaporable Getters and C O M B O G E T T E R ® for vacuum 
thermal insulation; N o n Evaporable Getter Pumps for vacuum systems; Spiro Torr® 
(SAES Spinning Rotor Gauge ) ; Gas Purifiers and Ana lyzers . 

Getters Evaporables et Non Evaporables pour Tindustrie electronique et de la 
lampe; Generateurs de Metaux Alcalins; Getters Non Evaporables et COMBO-
GETTER® pour isolation termique par le vide; Pompes Getter Non Evaporables 
pour les systemes a vide; Spiro Torr® (SAES Spinning Rotor Gauge); Purificateurs 
de gaz et analyseurs. 

Via Vittorio Veneto 
12072 Camerana (CN) 

tel. +39 0174 906611 
fax +39 0174 906609 

Boiler w o r k s : Hea t exchanges ; T o w e r / C o l u m n s ; Pressure Vessels; Reactors; 
Structural Steel W o r k s ; Piping. Mechan ica l Depa r tmen t : Specialised in keeping 
high tolerance. It is equipped by large control machines like bor ing mills, lathers, 
suitable for work ing pieces having over 30 M lenght, 150 T weight , 6 M diameter. 
Si te e r e c t i o n d e p a r t m e n t : A s s e m b l i n g , e r e c t i o n , s t a r t u p , ass i s tance . 

Travaux de chauffe; Echanges de chaleur: Tours/colonnes; Recipients de pression; 
Reacteurs; Acier de construction; Installation de canalisations. Service mecanique: 
specialise dans le maintien de haute tolerance. II est equipe de grosses machines 
telles que fraises pour forages et tours appropries pour des pieces ayant plus de 
30 metres de longueur, pesant plus de 160 tonnes et ayant plus de 6 metres de 
diametre. Service installation: Assemblage, montage, mise en marche, assistance. 

Loc. Marinella, 17/A 
58033 Castel del Piano (GR) 

tel. +39 0564 955358 
fax +39 0564 956681 

It is special ized in the mechanical processing o f f ibre glass sheets and pipes 
and plastic and bakelized materials for the electromechanical , rail and automat ic 
mach inery industries. 

La fabrication mecanique de produits derives de plaques et tubes de fibre de 
verre, materiaux plastiques et de bakelite pour /'Industrie elettromecanique, 
ferroviaire et pour les machines automatiques en tout genre. 

Via F.lli Varian, 54 
10040 Leinl (TO) 

tel. +39 011 9979111 
fax +39 011 9979350 

V A R I A N 

V a r i a n V a c u u m T e c h n o l o g i e s o f fe rs a b road line o f V a c c u m p u m p s and 
accessories. Inc luding scroll, ro ta ry v a n e , d r y screw, tu rbomolecu la r , and ion 
pumps . Ion pumps , Va r i an is also a suppl ier o f an ex tens ive line o f gauges , 
instruments, and component , and is a w o r l d leader in hel ium mass spectrometer 
leak detect ion. 

Varian Technologies du Vide propose une large gamme de pompes a vide et 
accessoires. Comprendant des pompes a diffusion, spirales palettes, vis, 
turbomoleculaire et ioniques. Varian a invente les pompes ioniques utilisees pour 
atteindre I'Ultra-Haut Vide. Varian est aussi fournisseur d'une ligne complete de 
jauges et un leader mondial dans le contrdle d'etancheite a I'helium. 



V i a Repubblica, 257 
55052 Fornaci di Barga ( L U ) 

tel. 
fax 

+39 0583 701473 
+39 0583 701471 

Superconduct ing wires and cables. Fils et cables supraconducteurs. 

i b a l c o p p i c 

T H E R M O E L E M E N T S 

V i a A m e d e o Tonan i , 10 
Fraz. S. G iacomo al C a m p o 
26030 Malagnino ( C R ) 

Planning production and sale o f standardized temperature sensors (w i th marked 
ca l ibra t ion va lue o r i nco rpo ra ted t r ansm i t t e r ) o r c u s t o m des ign e x e c u t i o n . 

tel. 
fax 

+39 0372 496160 
+39 0372 496340 

Projects, production et vente de capteurs de temperature standardises (avec 
valeur de calibrage marquee ou dispositifde rentrasmission incorpore) ou realises 
selon les instructions detaillees du client 

V i a S. Croce, 77 
38100 Trento 

C E N T R O PER L A RICE R C A 
SCIENTIFICA E T E C N O L O G I C A 

Fabrication and testing of silicon integrated microsensors for several applications. 
T h e research has been o n the deve lopment of dedicated fabrication processes fo r 
radiat ion detectors o n high resistivity FZ Silicon substrates. 

tel. +39 0461 210221 
fax +39 0461 238809 

Produit et teste des micro capteurs integres en silicium pour divers applications. 
Activite de recherche s'est concentree sur le developpment de procedes de 
fabrication specifiques pour detecteurs de rayonnement en silicium FZ a haute 
resistivite. 

S.S. Padana Superiore, 290 
20090 V i m o d r o n e ( M l ) 

t e l . +39 02 250751 
fax +39 02 2505515 

Laben has been active in nuclear inst rumentat ion and systems in 1958. T o d a y 
is main ly focused on t w o sectors: da ta acquisit ion systems and inst rumentat ion 
f o r H i g h E n e r g y Physics e x p e r i m e n t s , inc lud ing ana logue f r o n t - e n d , A - t o - D 
conversion, and digital processing, operational moni tor ing sysytems for radioactive 
pol lut ion, installed both in Italy and abroad. 

la Societe Laben a ete active dans le domaine de i'instrumentation et des 
systemes nucleaires. Aujourd'hui axees sur deux secteurs: systemes d'acquisition 
de donnees et instrumentation pour les experiences en Physique des Hautes 
Energies, y compris tete analogique, conversion analogico-numerique, et traitment 
numerique; systemes operationnels de surveillance pour la pollution radioactive, 
installes tant en Italia qu'a I'etranger. 

M A R T H A 
IMPIANTI SRL 

V i a Priv. R.Pick Mangiagall i , 15 
20141 Mi lano 

Projects. Instal lat ions. Phase separa t ion . S o l i d / L i q u i d / V a p o u r / G a s . Yeas ts 
immobil izat ion. Vaccum chambres. Storage platforms for waste treatment. Energies 
i n v e n t o r y list and save s y s t e m . P.C.B. Po lych lo rob iphen i l . H 2 0 . W a t e r . Gas . 
Sampling. Electric insulating oils. Polluting materials. Analyse. Diagnose. Remediation. 

tel. +39 02 57409740 
fax +39 02 89123419 

Projects. Installation. Separation de phases. Solide/Liquide/Vapeur/Gaz. Levures 
immobilisation. Chambres a vide. Plateformes de depot, tratement de dechets. 
Inventaire epargne energetiques. P.C.B. Polychlorobiphenile. H20. Eau. Gas. Huiles 
isolant electriques. Polluntats. Echantilfonage. Analyse. Bonification. 

M A . R A . V i a Priv. R.Pick Mangiagall i , 15 
20141 Mi lano 

tel. +39 02 57409740 
fax +39 02 89123419 

Coll iders. V a c c u m chambres. Sect ion. Collisioneurs. Chambres a vide. Sections. 

S.p.A. 

Viale G . Marcon i , 31 
25020 Dello (BS) 

Coaxia l cables, irradiated cables; inst rumentat ion, optic f iber cables, shipboard 
cables, rai lway cables. 

tel. 
fax 

+39 030 9771911 
+39 030 9971260 

Cables coaxiaux, cables irradies, cables instrumentation, cables a fibres optiques, 
cables pour la marine, cables pour les chemins-de-fer. 
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V i a 2 A g o s t o 1980,11 
40016 S. Giorgio di Piano ( B O ) 

tel. +39 051 6656611 
fax +39 051 6650099 

Radio f requency generators, H igh p o w e r thyr is tors p o w e r supplies, Swi tch ing 
"double resonant" powe r supplies w i t h ou tpu t vol tages up to 100kV, w i t h output 
currents up to 20kA, and precision up to 1x10 5 . 

Generateurs a radio frequence, Convertisseurs a thyristors de grande puissance, 
Alimentations "switching double resonant" pour courant jusque 20kA, pour 
precision jusque 1x1Q5. 



BOOKSHELF 
T h e N e w W o r l d o f M r T o m p k i n s by George 
Gamow and Russell S tannard, Cambr idge, 
ISBN 0 521 63009 6 (hbk £14.95) . 

George Gamow was a sort of prototype 
Richard Feynman - gifted, incisive, exuberant, 
unpredictable and occasional ly eccentr ic. 
Feynman played bongo drums and opened 
safes, while Gamow preferred conjuring. Born 
in Russia in 1904, Gamow gradually emi ­
grated westwards via Gott ingen, Copenhagen , 
Cambr idge, Paris and London. He eventual ly 
moved to the US in 1934. G a m o w left a 
substantial scientific and literary legacy. 

After milestone contr ibutions to nuclear 
physics (which included the Gamow-Te l le r 
coupl ing) , at Gott ingen he explained the 
mystery of alpha radioactivity, showing how 
quantum tunnell ing al lowed low-energy par­
ticles to escape the pull of the nucleus. W h e n 
G a m o w brought these insights to Cambr idge, 
Rutherford and Cockcroft realized that what 
goes out can also come in. In a kind of reverse 
radioactivity, relatively low-energy bombard ing 
particles should be able to enter the nucleus 
and induce nuclear t ransformat ions. From the 
late 1920s, this motivated the push for 
particle accelerators. 

Working with his student, Ralph Alpher, in 
Washington in the 1940s, G a m o w learned 
that the young Hans Bethe was visit ing the US 
and invited him to add his name to the 
famous "Alpher, Bethe, G a m o w " papers on the 
origin of the chemical e lements. In the late 
1940s, Gamow also helped to develop the 
ideas that are now known as the Big Bang. 

In 1938 he wrote a short sc ience fantasy 
(being careful not to call it sc ience f ict ion), in 
which he tried to explain the ideas of the 
relativistic curvature of space and the 
expanding un iverse.The hero of his story was 
a modest bank clerk called C G H Tompkins. 
His initials were borrowed from the standard 
physics notation for the speed of light, the 
gravitational constant and Planck's constant. 

After sending the piece to several large 
circulation magazines and receiving imper­
sonal rejection slips, Gamow put it to one side 
until his physicist f r iend, Sir Char les Darwin 
(the grandson of the author of The Origin of 
Species), suggested sending it to C P Snow, 
then the editor of Discovery magazine, pub­
lished by Cambridge University Press .The text 
was immediately accepted and the discerning 
Snow demanded more. 

MrTompk ins tries valiantly to follow dry 
sc ience lectures, but easily falls as leep. 

However, all becomes clear in his vivid 
dreams. Soon the articles were collected into 
MrTompkins in Wonderland, publ ished in 
1940, fol lowed by MrTompkins Explores the 
Atom in 1944. Each was a major success and 
the two vo lumes were reissued with addit ional 
material as a single vo lume in 1965.This 
reissue alone was reprinted some 20 t imes. 

Thirty years after this revision, the book was 
still selling* but was seriously out of date. With 
Gamow no longer available (he died in 1968), 
UK physicist Russell Stannard, author of the 
wel l -known "Uncle Albert" tri logy (The Time 
and Space of Uncle Albert, Black Holes and 
Uncle Albert and Uncle Albert and the 
Quantum Quest), was invited to give Mr 
Tompkins a facelift. As well as updating the 
sc ience to include quarks, the Standard 
Model and supersymmetry , Stannard has also 
tried to modernize the text. For example, the 
title of Gamow's chapter 10 - "The gay tribe of 
electrons" - had acquired another connota­
tion over the years and has become "The 
merry tribe of electrons". An addit ional chap­
ter - "Visit ing the atom smasher" - provides 
an opportunity to introduce a politically cor­
rect female spokesperson (however, she is 
depicted as unfeminine and wearing a white 
coat ) . 

Al though concepts are gently introduced, 
ultimately there is little attempt to 
paraphrase. A 120-entry glossary, extending 

over 10 pages, has been thoughtful ly 
provided. 

Tompkins is a moot figure. Al though he no 
longer exclaims "By j o v e ! " , he seems to have 
got stuck in a t ime wa rp .The original illustra­
t ions, revised by G a m o w for the 1965 reissue, 
did have a certain charm. Al though the pic­
tures have been redrawn for 1999, the original 
style remains. Mi ld-mannered Tompkins is still 
supposed to be in his 30s but looks like a 
refugee from a Tint in episode. Already a dweeb 
in the original vers ion, now he is an anachro­
n ism. Perhaps it is t ime for "The World of the 
New MrTompk ins " in "now-speak" , where the 
Internet exists and where dog-eared flip 
charts have been discarded in favour of 
Powerpoint displays. 

However, the Tompkins character evokes 
sympathy, and the impressive literary track 
record of George Gamow and of Russell 
Stannard shows that packaging basic physics 
with a veneer of personif ication and anecdote 
via d reams and thought bubbles does work. 
Gordon Fraser, CERN. 
T h e 1965 reissue is available as MrTompkins 
in paperback by George Gamow, Cambr idge, 
ISBN 0 521 44771 2 (£7.95) . 

N e u t r i n o P h y s i c s a n d A s t r o p h y s i c s -
P r o c e e d i n g s o f t h e 18th I n t e r n a t i o n a l 
C o n f e r e n c e o n N e u t r i n o P h y s i c s a n d 
A s t r o p h y s i c s , T a k a y a m a , J a p a n , J u n e 
1998 edited by Y Suzuki and YTo tsuka , North 
Hol land, ISBN 0 444 50289 0, (560 pages, 
$111.50/NLG 220) . 

These are the proceedings of the historic 
neutrino conference that heard the first con ­
vincing ev idence f rom the Superkamiokande 
detector for effects that suggest that different 
kinds of neutr inos "osci l late" among t hem­
selves and therefore have mass. 

C P T a n d L o r e n t z S y m m e t r y edited by V Alan 
Kostelecky, World Scientif ic, ISBN 981 02 
3926 2 (£36) . 

These are the proceedings of a meeting 
held at Bloomington, Indiana, November 
1998, which look at the underlying 
space- t ime symmetr ies of particle physics. 

S p e c t r a l A s y m p t o t i c s in t h e S e m i -
C l a s s i c a l L i m i t by M Dimnassi and 
J Sjostrand ISBN 0 521 66544 2 (pbk 
£24 .92 /$39 .95 ) 

Th is vo lume is part of the London 
Mathematical Society Lecture Note series. 
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F R E E L I T E R A T U R E 

A d v e n t R e s e a r c h M a t e r i a l s 
Metals and Al loys fo r Indus t ry and R&D 
30 Metals and Alloys, 650 stock lines, 3500 
standard packs. Foil, Sheet, Wire, Insulated Wire, 
Mesh, Rod,Tube. Small quantities, fast shipment 
and v e r y competi t ive prices. Visit our Web site 
for more information. If what you need is not listed 
in our free 98-99 Catalogue, please ask for a 
"special order" quotation. 

Advent Research Materials Ltd 
Oakfield Industrial Estate 
Eynsham, Oxford 0X8 1JA, England 
Tel.+44 (0)1865 884 440 
Fax+44 (0)1865 884 460 
E-mail info@advent-rm.com 
Internet www.advent-rm.com 

I K S e r i e s c h i l l e r s c o o l v a c u u m 
s y s t e m s 
Precision thermal management for high-energy, 
high-technology processes - class leading 
performance. Ultra-compact packages, without 
compromising reliability. 
• Very quiet operation 
• Capacities from 0.5 kW to 50 kW 
• Operational temperatures from -40 °C to 80 ° 
• Powerful and efficient 
• Lowest cost of ownership 
ATC experts in temperature control. 
Applied Thermal Control Ltd,The Courtyard, 
Stenson Road, Whitwick LE67 4JP, UK 
Tel.+44 (0)1530 83 99 98 
Fax+44 (0)1530 8137 86 

I E-mail sales@applied-thermal.demon.co.uk 

V A T V a c u u m P r o d u c t s 
"From the world's largest supplier of vacuum 
valves - VAT Vacuum Valves 2000. Request your 
free copy today. It's packed with details of over 
1000 products, from Viton gate valves to all-metal 
valves for the most demanding applications, from 
angle valves to fast closing safety valves, VAT has 
the valve to meet your needs." 

S w i t z e r l a n d ( H e a d q u a r t e r s ) 
VATVakuumventileAG 
CH-9469 Haag 
Tel. +4181 771 61 61 
Fax +41 81 771 48 30 
E-mail reception@vat.ch 

B e a m l i n e S i m u l a t o r V 1 . 3 a 
Beamline Simulator V1.3a is an easy to use charged 
particle optics program (Win95/98/NT). Operators, 
experimentalists, students and beamline designers 
appreciate its dynamic real-time magnet tuning 
capability. Saves time developing new tunes. Useful for 
training. SHAREWARE/PURCHASES are available on­
line ($99, $349 and $999 US depending on technical 
support). Our customers include ESRF, JAERIJRIUMF, 
INER, Jyvaskyla, Johanne-Goethe, Nordion, Hammer­
smith, Rigshospitalet, Ebco, ISYS and PAC. 
Dehnel Consulting Ltd 
PO Box 201, Nelson BC, Canada V1L5P9 
Tel. (250) 352 5162 
Fax (250)352 3864 
E-mail kurtf@uniserve.com 
Internet http://www.dehnel.com/ 

C r y o c o o l e r C r y o s t a t s c a t a l o g u e 
Janis Research is proud to announce the 
availability of its new Cryocooler Cryostats 
catalogue.These systems provide sample cooling 
temperatures from less than 8 K up to 600 K and 
only require electrical power for operation. Cooling 
capacities of up to 3 W at 20 K are standard, and 
both optical and non-optical, as well as "sample in 
vacuum" or "sample in exchange gas" 
configurations are shown. 

Janis Research Company 
2 Jewel Drive, PO Box 696 
Wilmington, MA 01887-0696 
Tel. (978) 657 8750 
Fax (978)658 0349 
Internet www.janis.com 

| H i g h V o l t a g e T e c h n o l o g y 
High Vol tage Components 
The latest brochure from High Voltage Technology 
provides an overview of a unique resource 
available to the scientific community. High Voltage 
interconnects and Special Cast Epoxy Assemblies 
are covered, as well as a description of HVT's 
overall capability. 
Tel.+44 1371 87566 
Fax +44 1371 875665 
E-mail djw@hvtl.demon.com.uk 

BaodfeHoiu 

—-

G o o d f e l l o w 
Metals and Mater ia ls in smal l quant i t ies fo r 
R&D and prototype development 

70 Pure Metals, 200 Alloys, 57 Polymers, 31 
Ceramics as well as many Composites and 
Compounds in 28 forms including foil, rod, tube, 
wire, powder, etc. The new product guide is now 
available, detailing standard ex-stock and custom-
made items. 

Goodfellow Cambridge Ltd, Cambridge Science 
Park, Cambridge CB4 4DJ, England 
Freephone 0800 731 4653 
Tel.+44 (0)1223 568068 
Fax +44 (0)1223 420639 
E-mail info@goodfellow.com 
Internet www.goodfellow.com 

Ehysic^VVORLCL 

ce and chaos 
The physics behind the partings of Jackson Pollock 

P H Y S I C S W O R L D 
Physics World - the international voice of physics -
is enjoyed monthly by 50 000 research scientists. 
Join them by subscribing today for two years and 
receive a 20% discount. Your Physics World 
subscription will include FREE ON-LINE ACCESS to 
Physics Web at "http://www.physicsweb.org". 

For further details, please contact our marketing 
department at: 
Tel. +44 (0)117 929 7481 
Fax+44 (0)117 930 1178 
E-mail pwld@ioppublishing.co.uk 
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C O A T I N G S T H I N F I L M S M I C R O T E C H N O I O G Y S E M I C O N D U C T O R S 

V A G U U M S O L U T I O N S 
VACUUMSOLUTIONS 

!ssue7 Janiiary/fsbruary 1998 

L I T H O G R A P H Y W I T H SINGLE A T O M S 
Scanning probe microscopy; new techniques reveal more about materials 

Computer simulation; software tikes the risk out of system design 
Vacuum seals: magnetic fluids seat chambers against moving parts 

The only magazine entirely devo to the needs of vacuum users 
If y o u w o r k in v a c u u m , c o a t i n g s , m i c r o t e c h n o l o g y , 

s e m i c o n d u c t o r s o r t h i n f i l m s , m a k e s u r e y o u j o i n 

t h e e v e r - g r o w i n g n u m b e r o f p r o f e s s i o n a l s w h o re ly 

o n Vacuum Solutions f o r t h e v e r y l a tes t i n f o r m a t i o n 

r e l e v a n t t o t h e i r w o r k . 

W r i t t e n b y i n d u s t r y i n s i d e r s a n d sc i en t i f i c e x p e r t s , 

Vacuum Solutions is t h e d e d i c a t e d p u b l i c a t i o n 

h i g h l i g h t i n g t h e l a tes t i n n o v a t i o n s t h a t re l y o n t h e 

u s e o f v a c u u m t e c h n o l o g y . 

T I T ! I would like to take out a su 

• £48/$90 6lssues • £77/$144 12lssues SPECIAL INTRODUCTORY OFFER - 20% DISCOUNT 
Cheques and money orders should be made payable to I0P Publishing Limited. 

L ] Please charge my Amex/Diners/Mastercard/Visa Card No 

Expiry Date D Please Invoice me/my company 

Name Job title Company 

Address 

Postcode 

E-mali 

(inc. country and area code) Fax (inc. country and area code) 

Signature Date 

Please r e t u r n t o : Vacuum $olutton§\ND\S Ltd, Publishing House, Victoria Road, Ruislip Middlesex, HA4 O S X .United Kingdom 
For fast service telephone the subscription hotline on +44 (0)181845 8545 or photocopy and fax this to +44 (0)181845 7696 
If y o u have access to the W e b y o u c a n complete the on-l ine f o r m at h t t p ^ / w w w . v a c u u m - s o l u t l o n s . c o m / s u b s c r l b e . h t m l 
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N E W S A N D V I E W S A P P L I C A T I O N F E A T U R E S N E W P R O D U C T S E V E N T S D I A R Y P R O D U C T F O C U S 

http://www.vacuum-solutlons.com/subscrlbe.html


RECRUITMENT 
For advertising enquiries contact CERN Courier recruitment/classified, I0P Publishing Ltd, Dirac House, Temple Back, Bristol BS1 6BE, UK. 

Tel:+44 (0)117 930 1026 Fax+44 (0)117 930 1178 
RATES per single column cm: Mono £30, Single colour £34, Full colour £36. Please contact us for more information on publication dates and deadlines. 

D U K E U N I V E R S I T Y 

T E N U R E - T R A C K FACULTY POSITION 
EXPERIMENTAL H I G H ENERGY PHYSICS. 

The Duke University Department of Physics has an opening for a 
tenure-track Assistant Professor position in experimental 
high-energy physics. The Duke research program focuses primarily 
on the CDF and ATLAS experiments. The HEP group currently 
consists of four faculty, one research faculty, five-post-doctoral 
scientists, plus technical support staff and graduate students. Our 
activities include data analysis from the CDF experiment, 
preparations for the CDF detector upgrade, and design and con­
struction of the transition radiation tracker for ATLAS at the LHC 
with eventual participation in the experiment. Applicants for this 
position should be capable of taking on major responsibilities in 
these experiments, and be committed to excellence in 
undergraduate and graduate teaching at Duke. 

The position is available starting September 2000. Applications 
received by 15 January 2000 will be guaranteed full consideration. 
Please send a resume, research statement and list of publications 
and three letters of reference to : 

HIGH ENERGY PHYSICS SEARCH COMMITTEE, C/O MS. PAT HOYT, 
(HOYT@HEP.PHY.DUKE.EDU), PHYSICS DEPARTMENT, BOX 90305, 
DUKE UNIVERSITY, DURHAM, NC, 27708-0305, USA. 

Duke University is an affirmative action/equal opportunity 
educator and employer. 

A C C E L E R A T O R P H Y S I C I S T 

TRIUMF, Canada's national research facility for particle and nuclear physics, 
is seeding a junior to intermediate Accelerator physicist to take responsibility 
for operational and developmental aspects of the 500 MeV cyclotron, and the 
1.5 MeV/u linear accelerator for exotic ions. 
Qualified applicants will have a relevant PhD in physics or engineering 
physics, or the equivalent education, with demonstrated, practical hands-on 
experience acquired in an accelerator laboratory. Ideally, the post-graduate 
degree, or previous work experience, will be in the fields of beam physics or 
accelerator physics, preferably with cyclotrons or linear accelerators. 
Previous laboratory experience will include familiarity with beam dynamics or 
optics, rf accelerator structures, instrumentation and diagnostics. 
Familiarity with beam transport lines, high voltage devices, super-conducting 
structures, controls, beam techniques and safety standards will be 
considered an asset. The successful candidate will have demonstrated 
initiative, sound judgement, and excellent interpersonal skills. A strong 
academic background with thorough knowledge of electromagnetism, and a 
basic knowledge of accelerator engineering and physics, are essential. 
TRIUMF is an equal opportunity employer offering a salary commensurate 
with experience, and a competitive benefit package. All qualified applicants 
are invited to submit their resumes by November 30, 1999, quoting 
competition number 756-0826 to: 

TRIUMF 
MESON RESEARCH FACIL ITY 

TRIUMF, Attention: 
Human Resources, 
4004 Westbrook Mall, 
Vancouver, BC V6T 2A3 
Fax: (604) 222-1074 

D E S Y is a p h y s i c s r e s e a r c h labora to ry w i th 1400 
e m p l o y e e s a n d m o r e t han 3000 g u e s t sc ien t i s ts f r o m 
G e r m a n y a n d a b r o a d . . T h e scient i f ic p r o g r a m m e 
inc ludes r e s e a r c h in part ic le p h y s i c s a n d s y n c h r o t r o n 
rad ia t ion . 

D E S Y invi tes app l i ca t ions for the pos i t ion of a n 

E X P E R I M E N T A L P H Y S I C I S T 

T h e c a n d i d a t e is e x p e c t e d 

• to take respons ib i l i t y for the c o m m i s s i o n i n g of a c o m p o n e n t of t he 
H E R A - B de tec to r at the e l e c t r o n - p r o t o n acce le ra to r H E R A 

• to take o n a lead ing role in the r e s e a r c h p r o g r a m a n d d a t a a n a l y s i s in the 
H E R A - B co l l abora t ion . 

A p p l i c a n t s s h o u l d h a v e a P h . D . d e g r e e in p h y s i c s , s e v e r a l y e a r s e x p e r i e n c e 
in e x p e r i m e n t a l e l e m e n t a r y part ic le p h y s i c s a n d b e ac t i ve in the r e s e a r c h in 
this f ield. T h e y s h o u l d h a v e a n e s t a b l i s h e d r e c o r d in the ana l ys i s of part ic le 
p h y s i c s e x p e r i m e n t s a n d b e ab le to c o o r d i n a t e the w o r k in c l o s e co l labora t i ­
o n w i th the phys i c i s t s a n d t e c h n i c i a n s of the H E R A - B e x p e r i m e n t . 

T h e a p p o i n t m e n t will b e indefinit w i th a sa la r y a c c o r d i n g to federa l tariffs 
lb/ la ( d e p e n d i n g o n e x p e r i e n c e a n d abi l i ty) . 

Le t te rs of app l i ca t ion inc lud ing a c u r r i c u l u m v i tae , list of pub l i ca t ions a n d the 
n a m e s of t h ree re fe rees s h o u l d b e sen t to : 

D E S Y , P e r s o n a l a b t e i l u n g , 
b y D e c e m b e r 31 t h , 1999 

N o t k e s t r a B e 85 , D -22607 H a m b u r g , 
C o d e - N o . 100 /99 

H a n d i c a p p e d app l i can ts will be g i v e n p r e f e r e n c e to o ther app l i can t s w i th 
the s a m e qual i f icat ions. W o m e n a re espec ia l l y e n c o u r a g e d to a p p l y for this 
pos i t ion . 

Texas A&M University Cycolotron Institute 
P O S T D O C T O R A L P O S I T I O N S 

A p p l i c a t i o n s a r e i n v i t e d f o r p o s t d o c t o r a l p o s i t i o n s i n e x p e r i m e n t a l 
n u c l e a r p h y s i c s at t h e T e x a s A & M U n i v e r s i t y C y c l o t r o n I n s t i t u t e . 
I n i t i a l a p p o i n t m e n t s w o u l d b e f o r o n e y e a r w i t h n o r m a l r e n e w a l 
f o r o n e o r t w o a d d i t i o n a l y e a r s . T h e sc ien t i f i c p r o g r a m at t h e 
I n s t i t u t e i s b u i l t a r o u n d a K500 s u p e r c o n d u c t i n g c y c l o t r o n . 
A n c i l l a r y e q u i p m e n t i n c l u d e s a h i g h - r e s o l u t i o n s p e c t r o m e t e r , a 
r e c o i l i o n s p e c t r o m e t e r a n d h i g h e f f i c i e n c y a r r a y s f o r d e t e c t i n g 
n e u t r o n s , g a m m a r a y s a n d c h a r g e d p a r t i c l e s . P o s i t i o n s a r e 
a v a i l a b l e i n t h e a reas o f g i a n t r e s o n a n c e s t u d i e s , w e a k i n t e r a c t i o n s 
a n d i n t e r m e d i a t e e n e r g y h e a v y i o n r e a c t i o n s . A p p l i c a n t s s h o u l d 
s e n d a c u r r i c u l u m v i t a e a n d a r r a n g e t o h a v e t h r e e le t te rs o f 
r e f e r e n c e sen t t o P r o f . J . B . N a t o w i t z , D i r e c t o r , C y c l o t r o n I n s t i t u t e , 
T e x a s A & M U n i v e r s i t y , C o l l e g e S t a t i o n , T X 77843-3366. 

Texas A&M University is an equal opportunity employer and 
encourages applications from women and minorities. 

H U M B O L D T U N I V E R S I T Y B E R L I N 
P H D POSIT IONS 

at t h e I n s t i t u t e f o r Phys ics o f t h e H u m b o l d t U n i v e r s i t y B e r l i n in 
e x p e r i m e n t a l a n d t h e o r e t i c a l p a r t i c l e phys ics a r e a v a i l a b l e w i t h i n t h e 
" G r a d u i e r t e n k o l l e g " . T h e S t a n d a r d M o d e l o f Par t ic le Physics - ana lyses 
o f its s t r u c t u r e , p r e c i s i o n tests a n d e x t e n s i o n s ' . 

T h e e x p e r i m e n t a l phys ics p r o g r a m m e inc ludes t h e pro jec ts H E R A - B , L3, 
L H C - B , C M S a n d s tud ies o f n e u t r i n o osc i l l a t ions . T h e t h e o r e t i c a l g r o u p s 
w o r k o n S u p e r s t r i n g s , S U S Y , n o n p e r t u r b a t i v e Q C D , la t t ice g a u g e t h e o r i e s 
a n d p h e n o m e n o l o g i c a l a p p l i c a t i o n s o f t h e S t a n d a r d M o d e l . 

R e q u i r e m e n t s : D i p l o m a o r M a s t e r d e g r e e in physics w i t h e x c e l l e n t 
g r a d e s , g o o d . k n o w l e d g e o f E n g l i s h . 

For more informat ion see http: / /qft3.physik.hu-berl in.de/ luest.gktei lchen.html 

mailto:hoyt@hep.phy.duke.edu
http://qft3.physik.hu-berlin.de/luest.gkteilchen.html


E L E C T R I C A L S Y S T E M S - S E C T I O N H E A D 
N A T I O N A L S Y N C H R O T R O N 

L I G H T S O U R C E ( M S L S ) 
I I 

Brookhaven National Laboratory's National Synchrotron Light Source 
Department has an opening for a Scientist/Engineer to serve as a 
member of the NSLS management team and provide guidance and 
technical support to a group of 50 people. This group provides electrical 
and computer support in the operating maintenance and upgrading of 
the NSLS machines. A PhD in Physics, MS or PhD in Engineering, or an 
equivalent combination of education and experience is necessary. 

Requirements include a track record of success in the development or 
operation of an accelerator complex or a similar facility and a strong 
record of technical accomplishments and experience in one or more of 
the following: particle beam physics, beam diagnostics, dc and pulsed 
magnets, ion sources and injectors, pulsed power, high-voltage sys­
tems, rf systems and accelerator engineering. Experience in theory or 
practical aspects of circular accelerators or storage rings and experi­
ence in project management - accelerator engineering is necessary. 
Demonstrated excellence in technical and project leadership; excel­
lent management and interpersonal skills, including career develop­
ment and mentoring; and proven ability to work harmoniously and 
effectively with scientists, engineers, and technicians are required. 

Brookhaven offers a stimulating work environment and a compre­
hensive benefits package. For consideration, please forward your 
resume, referring to Position #NS 8438CC, to: Nancy L Sobrito, 
Brookhaven National Laboratory, Bldg. 185-HR, P.O. Box 5000, Upton, 
New York 11973; fax: 516-344-7170; e-mail: Sobrito@bnl.gov. We are 
an equal opportunity employer. 

BROOKHAVEN 
N A T I O N A L L A B O R A T O R Y 

WWW.BNL.GOV 

S E L F - A S S E S S M E N T / Q U A L I T Y A S S U R A N C E O F F I C E R 
(Position #DR3301) 

r\r\r\r\r\ 

Jefferson Lab, located in Newport News, VA, is a world-class scientific 
laboratory centered around a high-intensity, continuous wave electron beam, 
which provides a unique capability for nuclear physics research. 

Currently, we have an excellent opportunity for a Self-Assesment/Quality 
Assurance Officer to work in our Office of Technical Performance. The 
successful candidate will develop Self-Assessment, Quality Assurance, and 
Continuous Improvement policies for approval by Jefferson Lab (JLab) 
management and facilitate the implementation of approved policies. Incumbent 
will conduct Quality Assurance audits and inspections; identify conditions 
which neither meet standards nor support laboratory missions and key functions; 
recommend corrective and improvement actions to management; monitor 
progress on action plans; interface with the Department of Energy on Self-
Assessment, Continuous Improvement, and Quality Assurance issues; and 
analyze related DOE orders, proposed regulations, and other documents, and 
recommend actions to JLab management. 

The minimum qualifications for this position are a BS Degree in Mechanical, 
Electrical, or Civil Engineering; Applied or Engineering Physics; or Physics; MS 
or Ph.D. preferred. Twelve years of applicable experience, at least five years of 
which have been in the construction and/or operation of a complex technical 
facility. Effective negotiating skills and familiarity with government regulations. 
Excellent analytical, problem solving, decision making, and verbal and written 
communications skills. Experience in Self-Assessment, Quality Assurance, 
Continuous Improvement, and interaction with U.S. Government agencies 
preferred. 

The starting annual salary range for this position is $68,600 - $108,400. We are 
located near Colonial Williamsburg and the Chesapeake Bay. For prompt 
consideration, please send resume and salary history to: Jefferson Lab, ATTN: 
Employment Manager, 12000 Jefferson Avenue, Newport News, VA 23606. 
Please specify position number and job title when applying. 

An Equal Opportunity, Affirmation Action Employer 

FACULTY POSITION 
IN EXPERIMENTAL 
HIGH ENERGY PHYSICS 
D e p a r t m e n t o f P h y s i c s 
U n i v e r s i t e C a t h o l i q u e de L o u v a i n 

The Rector of the Catholic University of Louvain (UCL) in Louvain-la-Neuve, 
Belgium, invites applications for a full-time academic position beginning in fall 
2000. Applicants will have a Ph.D. or equivalent and postdoctoral experience in 
experimental elementary particle physics. 
The appointed person is expected to teach physics courses in the university and 
play a leading role in both shaping and implementing the research program in 
experimental high energy physics. This program presently includes the study of 
neutrino-induced reactions and neutrino oscillations. The high-energy group is 
also actively engaged in preparing the CMS experiment at the future LHC 
accelerator at CERN. All these activities are pursued within national and 
international collaborations. 
Only a good knowledge of English is required initially but, since the appointed 
candidate is to teach in French, she/he should acquire a reasonable command of 
the language within two years. Rank and salary will depend upon qualification 
and experience. 
The successful candidate should sustain a strong program of research with 
significant undergraduate and graduate involvement. Although she/he will be 
primarily based in Louvain-la-Neuve, her/his research within the high-energy 
group will imply stays abroad to take an active part in the various collaborations. 
Candidates should submit a letter of application, a curriculum vitae, a list of 
publications, three letters of recommendation and a copy of their five most 
representative publications to be sent to: 
Professor M. Crochet, Rector, The Catholic University of Louvain, Halles 
Universitaires, place de l'Universite 1, B-1348-Louvain-la-Neuve, Belgium. 
The closing date for applications is December 15, 1999. 
For further information, please consult: 
http://www.phys.ucl.ac.be/Offresphys.html 
You can also write or call Prof. J.M. Gerard, Chairman of the Department 
of Physics, chemin du Cyclotron 2, B-1348-Louvain-la-Neuve, Belgium. 
Tel. +32-10-473305. Fax +32-10-472414. 

University of California, Riverside 
O p e n F a c u l t y P o s i t i o n i n 

E x p e r i m e n t a l H i g h E n e r g y P h y s i c s 

The Department of Physics at the University of California, Riverside 
invites highly qualified applicants to apply for a new faculty position in 
experimental high energy physics. This is an "open level" position and may 
be filled at any academic level including the senior level. The appointment 
will be effective July 1, 2000. The Department is seeking outstanding can­
didates with exceptional research records and demonstrated excellence in 
teaching. The successful candidate is expected to establish a leading edge 
research program involving graduate students and contribute to department 
teaching at all levels. In high energy physics the current research programs 
include OPAL at LEP, D-Zero at the Tevatron and CMS at the LHC. In neu­
trino physics, faculty are working on the LSND experiment at Los Alamos 
and BooNE at Fermilab. Candidates for this position are required to have a 
Ph.D. or equivalent degree in physics. Salary will be competitive and com­
mensurate with qualifications and level of appointment. Candidates should 
submit a letter of application, a curriculum vitae, evidence of teachng skills 
and evidence of an outstanding research program. They should also arrange 
to have three letters of reference sent to the Department and be willing to 
submit additional references on request. Letters should be sent to: 

Chair , Search Commit tee 
Exper imental High Energy Physics 
Depar tment of Physics 
University of California 
Riverside, CA 92521 

Full review of applications will begin January 17, 2000. Applications 
received after this date will be considered on a case-by case basis until the 
position is filled. 

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

mailto:Sobrito@bnl.gov
http://www.bnl.gov
http://www.phys.ucl.ac.be/Offresphys.html


(Pfl 
H C G L E R O L Y T E C H N L Q U E 
F E D E R A L E D E L A U S A N N E 

The Swiss Federal Institute of Technology Lausanne 

(EPFL) invites applications for the following position of: 

Ass is tant Professor of 
V isua l Information 
Representat ion T h e o r y 
fo r the Depar tmen t of E l e c t r i c a l E n g i n e e r i n g 
T h e n e w professor will have excellent professional experience in 
the theory of visual information representation. This experience 
should cover information theory, communicat ion theory, modeling 
and multimedia technologies. Skills in the mechanisms of h u m a n 
vision and in fundamental research on processing and represent­
ing visual information will be greatly appreciated. The successful 
candidate will w o r k wi th in the Signal Processing Laboratory of the 
Electrical Engineering Department and will also collaborate w i t h 
other units at the EPFL as wel l as other Swiss and international 
academic institutions. Having a sound international reputation, 
candidates should have a proven track record for original, creative 
and h igh quality research. A n aptitude for education is essential 
since the n e w professor will teach graduate and undergraduate 
students as wel l as manage, supervise and guide students o n 
semester projects, final year diploma projects and doctoral studies. 
He /she should be an excellent project leader. 

T h e EPFL has about 4000 undergraduate and 750 doctoral stu­
dents. It consists of 12 departments in all the major engineering 
sciences. Applications are encouraged from people w h o fulfill the 
requirements of the Swiss program for ensuring the cont inuing 
excellence of university faculty. 

D e a d l i n e f o r r e g i s t r a t i o n : J a n u a r y 2 0 , 2 0 0 0 . S t a r t i n g d a t e : u p o n 
m u t u a l a g r e e m e n t . A p p l i c a t i o n s f r o m w o m e n a r e p a r t i c u l a r l y w e l ­
c o m e . P l e a s e ask f o r t h e a p p l i c a t i o n f o r m b y w r i t i n g o r f a x i n g t o : 
P r e s i d e n c e d e I 'Eco le p o l y t e c h n i q u e federate d e L a u s a n n e , 
C E - E c u b l e n s , C H - 1 0 1 5 L a u s a n n e , Su i sse , 
f a x nr. +41 21 6 9 3 7 0 84 . 

F o r f u r t h e r i n f o r m a t i o n , p l e a s e a l s o c o n s u l t t h e f o l l o w i n g w e b ­
s i tes : h t t p : / / w w w . e p f l . c h , h t t p : / / d e w w w . e p f l . c h / , 
h t t p : / / a d m w w w . e p f l . c h / p r e s / p r o f s . h t m l o r 
h t t p : / / r e s e a r c h . e p f l . c h / 

T h e N u c l e a r P h y s i c s L a b o r a t o r y 

a t t h e U n i v e r s i t y o f I l l i n o i s a t U r b a n a - C h a m p a i g n 

h a s a n i m m e d i a t e o p e n i n g f o r a R e s e a r c h F a c u l t y p o s i t i o n o p e n at a l l 
l e v e l s f r o m R e s e a r c h A s s i s t a n t P r o f e s s o r t o R e s e a r c h P r o f e s s o r . T h i s 
is a 1 2 - m o n t h a p p o i n t m e n t , s a l a r y c o m m e n s u r a t e w i t h e x p e r i e n c e . 
T h e c u r r e n t r e s e a r c h p r o g r a m is c e n t r e d a r o u n d t h e f o l l o w i n g 
e x p e r i m e n t s : G O at J L a b , g-2 a t B N L , m u o n l i f e t i m e at P S I , H E R M E S 
at D E S Y , p h o t o n u c l e a r m e a s u r e m e n t s a n d r e a l C o m p t o n s c a t t e r i n g at 
J L a b . 

T h e s u c c e s s f u l c a n d i d a t e w o u l d b e e x p e c t e d t o f o c u s in i t ia l l y o n t h e 
G O e x p e r i m e n t . C a n d i d a t e s s h o u l d h a v e a P h . D . i n e x p e r i m e n t a l 
n u c l e a r o r p a r t i c l e p h y s i c s a n d r e l e v a n t e x p e r i e n c e . 

F o r fu l l c o n s i d e r a t i o n , a p p l i c a t i o n s s h o u l d b e r e c e i v e d b y D e c 1, 
1 9 9 9 . P l e a s e s e n d a p p l i c a t i o n s b y r e g u l a r m a i l t o : P r o f . D . H . B e c k , 
S e a r c h C o m m i t t e e C h a i r , D e p a r t m e n t o f 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 U r b a n a - C h a m p a i g n , 1 1 1 0 W e s t G r e e n S t r e e t , U r b a n a , 
I L 6 1 8 0 1 - 3 0 8 0 . 

The University oflilionis is an Affirmative Action/Equal Opportunity Employer. 

Scientist Position in CMS 
•(Project Manager for Software and Computing)-

Fermi National Accelerator Laboratory 
The Fermi National Accelerator Laboratory is filling a Scientist position. The search is for 
a Project Manager for the Software and Computing project in the United States for the 
Compact Muon Solenoid (CMS) experiment at the Large Hadron Collider at CERN. 
Fermilab will host the main computer resources and the data repository for US scientists 
participating in CMS. Duties include overall executive responsibility for the successful 
planning, implementation, and commissioning of computing resources and of the 
participation of US scientists in the CMS wide development of the software. 

The successful candidate will lead a project wi th an organization of scientists and techni­
cal professionals; coordinate the preparation of schedules, cost estimates and technical 
specifications and the presentation of reports; and make presentations to management 
regarding project progress and status against established milestones. 

A Ph.D. in Physics or its equivalent is required. Management and organizational skills in a 
highly technical environment are essential, as is exposure to science based on large 
facilities and dispersed collaborations of scientists. Candidates should have demonstrated 
experience in scientific leadership and project management skills necessary to lead and 
direct the project, meeting agreed upon requirements and schedule and exercising 
budget authority. A strong interest in experimental high-energy physics and a proven 
reputation in the field are also necessary. Candidates should possess a broad and deep 
understanding of the present state of computing technologies and the trends that 
project these technologies into the future. Applicants for Fermilab position #990152 
should submit curriculum vitae, a list of publications, a letter expressing interest and 
describing related experience and a list of at least three references to: 

DR. MATTHIAS KASEMANN • MS 370 
FERMI NATIONAL ACCELERATOR LABORATORY • P.O. BOX 500 

BATAVIA, I L 60510 • USA 
Applications should be submitted as soon as possible. A Search Committee will review 
submissions and invite selected applicants for interviews at Fermilab. 

The U.S. Department of Energy funds the experimental program at Fermilab through a 
contract w i th Universities Research 
Association, Inc., which manages and 
operates the Laboratory. Fermilab is ^ ^ ^ b C ^ R M I L O K 
an Equal opportunity Employer. The ^ % N G R I T L I L A D 
Laboratory has a competitive program 
of benefits. 

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

T h e Laser In ter ferometer G r a v i t a t i o n a l - W a v e O b s e r v a t o r y ( L I G O ) 
project is a n effort led by C a l t e c h a n d M I T scientists to establish a 
g rav i ta t i ona l -wave o b s e r v a t o r y , consist ing of two facilities with laser 
interferometr ic detectors loca ted at H a n f o r d , W a s h i n g t o n a n d 
L iv ingston, Lou is iana . 

Scientists will be invo lved in the commiss ion ing a n d opera t ion of 
L I G O itself, analys is o f d a t a , both fo r d iagnos t ic pu rpose a n d 
astrophysics searches , as wel l as a v i g o r o u s R&D p r o g r a m for future 
detector imp rovemen ts . A p p o i n t m e n t s will be at the post -doctora l level 
with o n e yea r initial appo in tmen ts a n d the possibil ity of t w o subsequent 
o n e yea r appo in tmen ts at the s a m e rank. In s o m e cases, appo in tments 
with a n initial te rm of three years o r of a n indefinite t e rm , m a y be 
cons ide red . A p p o i n t m e n t is con t ingen t u p o n comp le t ion of all 
requ i rements fo r P h . D . 

App l ica t ions for posi t ions at a n y L I G O Labora to ry site (MIT , C a l t e c h , 
H a n f o r d , o r Liv ingston) shou ld be sent ei ther to : 

P r o f e s s o r B a r r y C. B a r i s h , C a l i f o r n i a Ins t i tu te of T e c h n o l o g y , 
L I G O 18-34, P a s a d e n a , C A 91125, o r t o 
P r o f e s s o r R a i n e r W e i s s , M I T , L I G O P r o j e c t , N W 1 7 - 1 6 1 , 175 
A l b a n y S t r e e t , C a m b r i d g e M A 02139-4307 . 

Appl icants shou ld request that three o r m o r e letters of r e c o m m e n d a t i o n 
be sent directly to the at tent ion of Professor Barish o r Professor We iss . 
Cons ide ra t i on o r app l ica t ions wil l beg in o n D e c e m b e r 1, 1999 a n d 
will cont inue until all posi t ions h a v e b e e n f i l led. 

Caltech and MIT are Affirmative Action/Equal Opportunity Employers. Women, 
Minorities, Veterans, and Disabled Pesons are encouraged to apply 

A d d i t i o n a l i n f o r m a t i o n : h t t p : / / w w w . l i g o . c a l t e c h . e d u 

http://www.epfl.ch
http://dewww.epfl.ch/
http://admwww.epfl.ch/pres/profs.html
http://research.epfl.ch/
http://www.ligo.caltech.edu


J U S T U S - L I E B I G U N I V E R S I T A T G I E S S E N 

S T E L L E N A U S S C H R E I B U N G 

Im Fachbereich 07 (Mathematik, Physik, Geographie) ist ab sofort eine Stelle mit 
einer/einem 

Wissenschaftlichen Mitarbeiterin/Mitarbeiter BAT Ha 
am II. Physikalischen Institut 

(Prof. Dr. Metag) 

als Zeitangestellte/Zeitangestellter gemaB §§ 57a ff. HRG und § 82 HHG mit 
Gelegenheit zu eigener wissenschaftlicher Weiterbildung befristet (zunachst fur 3 
Jahre mit Verlangerungsmoglichkeit um hochstens 2 Jahre) zu besetzen. 
Vollzeitstellen sind nach dem Hessischen Gleichberechtigungsgesetz grundsatzlich 
teilbar. 

Aufgaben: Eigene wissenschaftliche Weiterbildung; hochschuldidaktische 
Qualifizierung; wissenschaftliche Dienstleistungen zur Organisation, zur 
Vorbereitung und zur Durchfuhrung von Forschung und Lehre gemaB § 82 Abs. 1 
HHG vor allem Mitarbeit bei Experimenten der Mittelenergiephysik mit dem 
Dileptonenspektrometer HADES am Schwerionenbeschleuniger SIS der GSI 
(Darmstadt) und mit dem Photonenspektrometer TAPS an den 
Elektronenbeschleunigern MAMI in Mainz und ELSA in Bonn. Zu den Aufgaben 
gehort auBerdem die Mitarbeit bei der Durchfuhrung der physikalischen Praktika, 
bei der Betreuung von Diplom- und Doktorarbeiten sowie die Mitwirkung bei 
Seminaren. 

Voraussetzungen: Abgeschlossenes Hochschulstudium im Fach Physik und 
Promotion in Experimentalphysik. Erwiinscht sind fundierte Kenntnisse in der 
Vorbereitung, Durchfuhrung und Analyse komplexer Multiparameterexperimente 
der Mittelenergiephysik. 

Die Justus-Liebig-Universitat GieBen strebt einen hoheren Anteil von Frauen im 
Wissenschaftsbereich an; deshalb bitten wir qualifizierte Wissenschaftlerinnen 
nachdriicklich, sich zu bewerben. Aufgrund des Frauenforderplans besteht eine 
Verpflichtung zur Erhohung des Frauenanteils. - In Ihrer Bewerbung geben Sie 
bitte an, ob Sie eine Teilzeitbeschaftigung wiinschen oder gegebenenfalls 
akzeptieren wiirden. Ihre Bewerbung richten Sie bitte unter Angabe des 
Aktenzeichens Y 440/99 mit den iiblichen Unterlagen bis zum 17.12.1999 an den 
Prasidenten der Justus-Liebig-Universitat GieBen, Ludwigstr. 23, D-35390 
GieBen. Bewerbungen Schwerbehinderter werden - bei gleicher Eignung -
bevorzugt. 

C O M P U T E R A N A L Y S T P H Y S I C I S T 

U N I V E R S I T Y O F R E G I N A 
T H E O R E T I C A L S U B A T O M I C A S T R O P H Y S I C S 

The Department of Physics invites applications for a tenure-track 
position at the Assistant Professor level, starting July 1,2000. 

At present, our department's research activity is centered upon 
experimental and theoretical subatomic physics, and our preference is 
for the successful applicant to have expertise in theoretical particle or 
nuclear astrophysics, although exceptional candidates in theoretical 
particle physics or cosmology will also be considered. We anticipate 
that the next opening in the department will be in this area as well. 
More information on our department can be found at: 
http://www.phys.uregina.ca. At least two years of postdoctoral 
research experience is a requirement for this position. The successful 
applicant is expected to conduct a vigorous and significant research 
program securing external funding, and to teach effectively at both 
the undergraduate and graduate levels. 

Applicants should submit their curriculum vitae, a discussion of 
research interests, and have three letters of reference sent directly 
to: Chair of the Search Committee, Department of Physics, 
University of Regina, Regina, SK S4S 0A2, Canada. 

In accordance with Canadian Immigration requirements, priority 
will be given to citizens and permanent residents of Canada, however, 
citizens of all countries are invited to apply. The closing date for 
receipt of applications is January 15,2000. 

The University of Regina is committed to employment equity. 

Brookhaven National Laboratory's 
U.S. A T L A S Project seeks a 
computer analyst w i th an 
advanced degree in Phys ics , 
or related field. Substantial 
experience in developing software 
algorithms using object-oriented 
programming languages for high 
energy or nuclear phys ics 
is required. Experience wi th UNIX 
sys tems, modern programming 
techniques, tools and languages, 
large scale data processing, and 
use or relational and object-oriented 
databases is highly desirable. 
Responsibilities include contributing 
to the design, development and 
implementation of the sof tware 
infrastructure, and to assist 
Physicists in the sof tware 
development effort. 

Brookhaven offers a stimulating 
work environment and an 
excellent benefits package. For 
consideration, please forward your 
resume, indicating position 
#NS8734, to: 

N a n c y L S o b r i t o , 
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 , B i d g , 
1 8 5 - H R , P . O . B o x 5 0 0 0 , 
U p t o n , N Y 1 1 9 7 3 - 5 0 0 0 ; 

e m a i l : S o b r i t o @ b n l . g o v ; 
f a x 5 1 6 - 3 4 4 - 7 1 7 0 . 

BNL is an equal opportunity 
employer committed to 

workforce diversity. 

The Omega Group of the Physics 
Department at Brookhaven National 
Laboratory presently has a staff, 
position available to work on the DO 
experiment at the Fermilab Tevatron. 
The collaboration is currently in the 
process of upgrading the detector in 
preparation fpr Run II with the Main 
Injector, which is scheduled to begin in 
the spring of 2000. The Laboratory is 
playing a leading role in both the 
software and hardware efforts 
associated with this upgrade including 
offline software (tracking, vertexing, 
calorimeter and preshowers), online 
software and controls, and fabrication 
and commissioning of the Forward 
Preshower Detector. In addition to 
being expected to contribute to one or 
more of these technical projects, the 
successful candidate will be 
encouraged to actively pursue a 
physics topic with other BNL scientists 
or others in the collaboration requires a 
Ph.D. or equivalent in Experimental 
Particle Physics, Under the direction of 
H Gordon. 

CV's list of publications, and three 
letters of reference, indicating position 
#MK8735, should be forwarded to: 

M . K i p p e r m a n , 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 , 

B i d g . 185, P O B o x 5000, 
U p t o n , N Y 1 1 9 7 3 - 5 0 0 0 . 

BNL is an equal opportunity employer 
committed to workforce diversity. We 
strongly encourage applications from 

women and minorities in physics. 

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

CERN COURIER 
RECRUITMENT 

BOOKING DEADLINE 
December: 12 November 

C O N T A C T C H R I S T H O M A S : 

Te l : +44 (0)117 9301031 Fax : +44 (0)117 9301178 

E - M A I L : chris.thomas@ioppublishing.co.uk 

http://www.phys.uregina.ca
mailto:Sobrito@bnl.gov
mailto:chris.thomas@ioppublishing.co.uk


D I V I S I O N A L F E L L O W 
P H Y S I C I S T 

I N N U C L E A R T H E O R Y 

UNIVERSITY OF VICTORIA 

P O S T D O C T O R A L R E S E A R C H P O S I T I O N 
E X P E R I M E N T A L H I G H E N E R G Y P H Y S I C S 

The High Energy Physics Group at the University of Victoria has an 
opening for a Research Associate to work on the BaBar experiment at the 
SLAC B Factory. Our group is part of the team which has ongoing 
responsibilities for the BaBar Drift Chamber. The successful applicant will 
write BaBar reconstruction software in C+ + , participate in data taking and 
play a leading role in physics analysis. A recent Ph.D. in experimental 
particle physics is required with demonstrated software and data analysis 
experience. This position is a two-year appointment, with the possibility 
of renewal. Candidates should supply a CV, with list of publications, 
description of research interests and three letters of reference to: 

Professor J. M. Roney 
Department of Physics and Astronomy 

University of Victoria 
Box 3055 Stn CSC 

Victoria, B.C. 
CANADA 
V8W 3P6 

This position will be filled as soon as a suitable candidate is identified. 

Enquiries may be sent by e-mail to: mroney@uvic.ca 

The University of Victoria strongly encourages applications from women, 
persons with disabilities, visible minorities, and aboriginal persons. In 
accordance with Canadian immigration requirements, this advertisement 
in the first instance is directed to Canadian citizens or permanent residents. 
However, all suitably qualified physicists are encouraged to apply. 

U N I V E R S I T Y O F C A L I F O R N I A , 
S A N T A B A R B A R A 

D E P A R T M E N T O F P H Y S I C S 
Faculty Position in 

Experimental High Energy Physics 

The Department of Physics at the University of California, Santa 
Barbara invites applications for a faculty position in experimental 
high-energy physics. The appointment can be made at any academic 
level from assistant to full professor, and outstanding candidates for 
any of these levels are encouraged to apply. The UCSB HEP program 
currently consists of groups working on heavy-quark physics (BaBar 
and CLEO) and dark-matter searches (CDMS II). We seek candidates 
with outstanding ability in both instrumentation and data analysis, and 
new experimental initiatives are welcome. The UCSB HEP group has 
excellent technical resources and staff, as well as a long history of 
major detector construction projects and analysis results. Information 
about our program is available at http://hep.ucsb.edu. 

Candidates for the position should have a Ph.D. or equivalent degree in 
physics, an outstanding record of scholarship and should be 
committed to excellence in teaching. Candidates should submit a 
statement of current research interests and pursuits, a curriculum 
vitae, and a list of publications and should arrange for at least three 
letters of recommendation to be sent to: 

High Energy Search Committee 
Attn: Prof. Jeffrey Richman, Department of Physics, 
University of California, Santa Barbara, CA, 93106 

(E-mail: richman@charm.physics.ucsb.edu) 

Applications will be considered starting January 1, 2000 and will be 
accepted until the position is filled. 

The University of California is an Equal Opportunity/Affirmative Action 
Employer committed to excellence through diversity. 

The Nuclear Science Division of the L a w r e n c e B e r k e l e y N a t i o n a l 
L a b o r a t o r y invites applications for a position in the Nuclear Theory 
Group. The appointment will be at the level of a Divisional Fellow for a 
term of five years with the expectation of promotion to Senior Scientist 
upon successful review. Candidates should have a Ph.D. or equivalent 
experience in theoretical, nuclear, particle physics, or astrophysics, and 
should have a demonstrated record of outstanding and creative research 
ability with great promise and potential for LEA4ERSHIP. 

The current research program by active members in the Nuclear Theoiy 
Group at LBNL is primarily focussed on theoretical studies of high-
energy nuclear collisions. This new position is intended for diversification 
into other areas such as astrophysics, nuclear structure, strong interaction, 
and weak interaction, which will complement the existing theoretical 
program and help to enhance the Nuclear Science Division's broad 
experimental programs. 

Applicants are requested to submit their curriculum vitae, list of 
publications, statement of research interests and accomplishments, 
and the names of at least four references before the closing date of 
December 31, 1999 via e-mail (our preferred method) to: 
e m p l o y m e n t @ l b l . g o v (no a t t a c h m e n t s p l e a s e ) . R e f e r e n c e 
N S 0 1 1 2 3 9 / J C E R N . O r m a i l t o : L a w r e n c e B e r k e l e y N a t i o n a l 
L a b o r a t o r y , O n e C y c l o t r o n R o a d , M S 9 3 7 - 0 6 0 0 , B e r k e l e y , C A 
9 4 7 2 0 . O r FAX: (510) 4 8 6 - 5 8 7 0 . Berkeley Lab is an AA/EEO 
Employer. 

U N I V E R S I T Y O F M I N N E S O T A 
Research Associate in Theoretical Nuclear Physics 

T h e n u c l e a r t h e o r y g r o u p a t t h e U n i v e r s i t y o f M i n n e s o t a e x p e c t s t o 
h a v e a p o s t d o c t o r a l r e s e a r c h a s s o c i a t e s h i p ava i l ab le b e g i n n i n g i n t h e 
fa l l o f 2 0 0 0 . A P h . D . i n p h y s i c s , o r t h e e q u i v a l e n t , is r e q u i r e d b y 
t h e da te o f a p p o i n t m e n t . T h e p e r m a n e n t g r o u p m e m b e r s a re P a u l 
E l l i s , J o s e p h K a p u s t a a n d Y o n g Q i a n a n d t h e i r c u r r e n t i n t e r e s t s 
i n c l u d e Q C D , R H I C a n d n u c l e a r a s t r o p h y s i c s . A p p o i n t m e n t s a re m a d e 
f o r o n e y e a r a n d n o r m a l l y a r e r e n e w a b l e f o r a s e c o n d , s u b j e c t 
t o f u n d i n g a n d p e r f o r m a n c e . A v i t a a n d t h r e e l e t t e r s o f 
r e c o m m e n d a t i o n s h o u l d b e s e n t b y p o s t a l m a i l t o P r o f e s s o r J o s e p h 
K a p u s t a , S c h o o l o f P h y s i c s a n d A s t r o n o m y , U n i v e r s i t y o f M i n n e s o t a , 
M i n n e a p o l i s , M N 5 5 4 5 5 . F u r t h e r de ta i l s m a y be o b t a i n e d b y e - m a i l 
K a p u s t a @ p h y s i c s . s p a . u m n . e d u . T h e a p p l i c a t i o n d e a d l i n e is F e b r u a r y 1, 
2 0 0 0 . 

The University of Minnesota is an equal opportunity educator and employer. 

URGENT RECRUITMENT? 
Reach a global audience immediately with CERN Couriefs Internet 

opt ions. Recrui tment adver t isements are on the W e b within 24 hours 
of booking and then also sent to e-mail subscr ibers. 

CaH +44 (0)117 9301031 for more details cerncourier.com 

mailto:mroney@uvic.ca
http://hep.ucsb.edu
mailto:richman@charm.physics.ucsb.edu
mailto:employment@lbl.gov
mailto:Kapusta@physics.spa.umn.edu
http://cerncourier.com


N E W P R O D U C T S 
FROM CABURN-MDC 

R E P R E S E N T I N G 
A T L A S ® A L U M I N I U M 
U H V T E C H N O L O G Y 
I N E U R O P E 

A L U M I N I U M U H V 
T E C H N O L O G Y 
Introducing the Atlas Flange™, 
the aluminium flange with a 
conventional stainless steel 
Conflat® knife edge. 

C A B U R N - M D C T H E V A C U U M 
C O M P O N E N T S C O M P A N Y ™ 

CABURN-MDC LIMITED 
T h e Old Dairy, G lynde 

East S u s s e x BN8 6 S J 

Uni ted K ingdom 

Te l :+44 (0)1273 858585 

Fax: +44 (0)1273 858561 

s a l e s @ c a b u r n - m d c . c o . u k 

w w w . c a b u r n - m d c . c o . u k 

mailto:sales@caburn-mdc.co.uk
http://www.caburn-mdc.co.uk


PowerMod™1 
• "".'name. . ;:^Mme, .„....... 

The Power You Need sm 

High Voltage, Sol id-State Modulators 
At Diversified Technologies, we manufacture leading-edge solid 

state, high power modulators from our patented, modular design. 

PowerMod™ systems can meet your pulsed power needs - at up to 

200 kV, with peak currents up to 2000 A. 

r 

I 

V 

PowerMod HVPM20-150 Pulse: 20 kV, 
100A, Ifis/div 

PowerMod™ Modulators deliver the superior benefits of solid state 

technology including: 

• Very high operating efficiencies 

• < 3V/kV voltage drop accross the switch 

• <1mA leakage 

• Arbitrary pusewidths from less than 1 JLIS to DC 

• PRFs to 30 kHz 

• Opening and closing operation 

Call us or visit our website today to learn more about the PowerMod™ 
line of solid-state high power systems. 

DIVERSIFIED TECHNOLOGIES, INC. 

35 Wiggins Avenue Bedford, MA 01730 781-275-9444 

www.divtecs.com 
5 1999 Diversified Technologies, Inc. PowerMod™ is a trademark of Diversified Technologies, Inc. 

PowerMocFM HVPM100-300 30 MW Modulator 
(36"x 48"x 60") 

PowerMod HVPM20-300 6 MW Modulator 
(19"x 30"x 24") 

PowerMod1™ HVPM2.5-150 3 75 KW Modulator 
(19" x 19.5" x 8.5") 

http://www.divtecs.com

