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NEWS 

First K2K events seen at KEK lab 
During 22 days of stable data-taking in J u n e , 
the K2K Long Basel ine Neutr ino Osci l lat ion 
exper iment , connect ing the J a p a n e s e KEK 
Laboratory with the detectors in the Kamioka 
mine 250 km away, observed four neutr ino 
interactions in the inner Super -Kamiokande 
detector .This is the first step towards the 
verif ication of the neutr ino oscil lation results 
given by the Super -Kamiokande last year. 

One event occurred inside the 22.5 kiloton 
"f iducial vo lume" (2 m f rom the inner photo-
multiplier tubes) and another three events 
occurred outs ide .The event character ist ics are 
consistent with a neutr ino interaction in water. 
More importantly, all four events happened 
within 1 | J S of the t ime expected for neutr inos 
generated at KEK. 

No further events were seen in the inner 
detector within 50 LIS of the expected t ime. 
Before reaching the distant Super-
Kamiokande detector, the neutr inos pass 
through a "near detector" on the KEK site. 
Both detectors have a clock synchron ized by 
the Global Positioning Sys tem ( G P S ) , which is 
accurate to 100 ns .The probabil i ty that each 
of the four events comes f rom an a tmospher ic 
neutr ino interaction is est imated to be a few 
parts in 10 000. 

T h e K2K exper iment began tuning the 
beaml ine, beam monitors, magnet ic horn 
sys tem and the near detector on 5 March . All 
of the detector components worked as 
expected. During an engineer ing run f rom 
March to May, physicists ensured that 
neutr inos were being sent in the direction of 
Super -Kamiokande to an accuracy of 
0.3 mrad and that the flux and the profile of 
the beam were as expected. 

During the summer shu tdown per iod, the 
KEK beaml ine group will be improving the 
t ransmiss ion of the pr imary proton beaml ine 
and will increase the current of the magnet ic 
ho rns .The KEK accelerator succeeded in 
circulating 6.5 x 10 1 2 protons in nine bunches 
in the main ring in June and will look for a 
further improvement in intensi ty.Thus, K2K 
hopes to have more neutr inos in the coming 
run, which will be start ing in late October. 

T h e K2K exper iment is an international 
col laborat ion of institutes f rom J a p a n , Korea 
and the US. 

Supfcr-Kamiokaitde 
Rttft 7436 Event 14054126 

F I R S T K 2 K E V E N T 
in S U P E R - K 

1000 1500 200 

Times (ns) 

The first K2K event seen by 
Super-Kamiokande. The colour of 
the dots indicates the arrival time 
of the light detected by each 
photomultiplier and the size 
shows the amount of charge. The 
diamond shows the entrance 
point of the neutrino and the 
crosses give the coordinates of 
the interaction point The 
direction of the incoming 
neutrino given by these two 
positions is consistent with it 
coming from the Japanese KEK 
Laboratory, 250 km away. 

An aerial view of the K2K neutrino beamline at the Japanese KEK Laboratory. At the bottom 
left are the KEK 12 GeV Proton Synchrotron and its north counter hall. The extracted proton 
beam is bent around towards the near detector (small white building, top right) and exits 
towards Kamioka, 250 km away. 

Shown here is the near 
detector of the K2K 
experiment. The silver 
tank in the back is a 
1 kiloton water 
Cherenkov detector and 
at the front is the muon 
detector, consisting of 
iron plates and 
scintillation fibre 
planes. 
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NEWS 

MINOS to explore neutrino mass 

Left to right: Earl Peterson, University of Minnesota; John O'Fallon, US Department of 
Energy; Michael Witherell, Fermilab director; Stan Wojcicki, Stanford University and MINOS 
spokesperson; Paul Maurer, Minnesota Department of Natural Resources (which owns the 
mine); Christine Maziarand Ed Wink, University of Minnesota. 

Deep in a former Minnesota iron mine, 
scientists and government officials recently 
wie lded pickaxes to chip away, at least s y m ­
bolically, at the myster ies sur round ing the 
subatomic particles known as neutr inos. 

T h e miners- for-a-day in the S o u d a n mine 
took the first s teps in carv ing out a huge 
cavern , half a mile underground, that will 
become home to a 5000 ton particle 
detector. Physicists of the 2 0 0 - m e m b e r Main 
Injector Neutr ino Oscil lat ion Search ( M I N O S ) 
exper iment will use the detector to explore the 
quest ion of neutrino mass . 

Physicists once bel ieved that neutr inos were 
mass less , zipping through matter at the speed 
of light. However, recent results (CERN Courier 
September 1998 p i ) suggested that these 
elusive particles have a smal l mass . Even a 
tiny neutr ino mass would have major conse -

T h e major international focus of h igh-energy 
physics in odd-numbered years is the 
International Sympos ium on Lep ton -Pho ton 
Interact ions at High Energies, wh ich took 
place this year on 9-14 August at Stanford 
University, Cali fornia. Several reports f rom the 
meet ing feature in this issue. 

T h e lepton-photon sympos ia al ternate with 
the International Conference on H igh -Ene rgy 
Physics ( I C H E P ) , often known as the 
"Rochester " ser ies, after the found ing venue . 

quences for our understanding of the nature 
and distribution of mass in the universe. 

For the MINOS exper iment, 120 GeV 
protons f rom Fermilab's newly commiss ioned 
Main Injector accelerator will be used to gen­
erate an intense beam of muon neutr inos 
directed towards the underground Soudan 
detector, 730 km away. Neutr inos are reluctant 
to interact with matter and can pass through 
the Earth wi thout any effect. However, inter­
action is probabil i ty not zero, so an intense 
beam a n d / o r a large detector will record 
s o m e interact ions. 

From ear ly 2003 , MINOS col laborators will 
use the detector to determine whether s o m e 
of the muon neutr inos in the beam have 
changed to another type, known as tau 
neutr inos. Such a change, or oscil lation f rom 
one type to another, would consti tute clear 

Both of these interlocking biennial 
meet ings are sponsored by the International 
Union of Pure and Appl ied Physics ( IUPAP) 
and the venues follow a traditional pat tern, 
rotating between Europe (Western and 
Eastern) , North Amer ica and As ia . 

Next year the ICHEP will be held in Osaka , 
J a p a n , f rom 27 Ju ly to 2 Augus t .The 2001 
Lep ton-Pho ton Interaction Sympos ium will 
take place in Rome and the 2002 ICHEP in 
Ams te rdam. 

ev idence of neutr ino mass and would allow 
physicists to begin to calculate just how much 
mass the part icles possess. Locating the 
detector far below ground screens out cosmic 
rays that would otherwise f lood the detector 
with irrelevant s ignals. 

Earlier neutr ino exper iments detected fewer 
natural ly-occurr ing neutr inos than expec ted , 
so they conc luded that one type of neutr ino 
had oscil lated into another and , hence, had 
"d i sappeared" f rom detect ion. In contrast, the 
MINOS exper iment could detect not only the 
d isappearance of muon neutr inos, but event­
ually their appearance as neutr inos of a 
different type - tau neutr inos ( p l 9 ) . 

To monitor the evolut ion of the neutr ino 
b e a m , MINOS will use two detectors - the 
"near detector" at Fermilab and the 
5400 tonne "far detector" in the Soudan 
tunne l .The design initially proposed foresees 
f ine-grained iron-scinti l lator sandwich 
calor imeters providing both tracking and 
energy deposi t ion information. 

On the other s ide of the Pacific Ocean is a 
similar study - K2K - using neutr inos provided 
by the accelerator at the Japanese KEK 
Laboratory i nTsukuba ( p 5 ) . T h e particles are 
directed towards the Super -Kamiokande 
underground detector 250 km away. K2K is 
recording its first data. 

At C E R N , physicists are studying a proposal 
to direct a neutr ino beam towards the Italian 
Gran Sasso underground laboratory. Curiously, 
like MINOS, it is 730 km from the accelerator 
neutr ino source (CERN Courier November 
1998 p l 3 ) . 

Stanford University, the venue for this year's 
International Symposium on Lepton-Photon 
Interactions at High Energies. 

Lepton-photon symposium at Stanford 
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First beams of nuclei circulate 
rings at Brookhaven's RHIC 
During August , work cont inued to establ ish 
circulating beams of nuclei in the two rings of 
Brookhaven's Relativistic Heavy Ion Coll ider 
( R H I C ) . Equipped with superconduct ing 
magnets , the machine operates at 4.6 K. 

T h e beam was injected and stored in the 
first ( "b lue") ring. Lifetimes of up to 45 min 
and modest accelerat ion - about 1 G e V per 
nucleon - were achieved. A few apparent 
obstacles will be investigated when the ring is 
w a r m e d up. 

T h o u s a n d s of turns of beams have been 
seen briefly in the second ("yel low") ring, with 
successfu l radiofrequency capture. Long 
lifetimes have not yet been estab l ished, nor 
has accelerat ion been per formed. Whi le no 
apparent obstacles have been found in this 
ring, steering and second turn c losure in the 
injection region were found to be more 
difficult than in the first ring, as w a s steer ing 
through the dump area. 

Beams are next expected in RHIC in Work on the cryogenic system for Brookhaven's Relativistic Heavy Ion Collider. Equipped 
December . with superconducting magnets, the machine operates at 4.6 K. (R Stouten burgh.) 

Earlier this year a meeting took place 
between members of the directorates of 
Brookhaven National Laboratory and the 
Joint Institutes for Nuclear Research (JINR), 
Dubna, near Moscow. The timing of the 
meeting was chosen to allow visitors from 
JINR to tour the RHIC complex prior to the 
start of RHIC operations. The purpose was to 
discuss areas of mutual interest for 
scientific collaboration. Brookhaven director 
John Marburger (right) and JINR director 
Vladimir Kadyshevsky signed a protocol of 
understanding, regarding activities that will 
be accomplished in 1999 in areas of mutual 
interest. A key element of the agreement is 
to establish a PC farm at JINR to support 
JINR's ability to participate fully in the 
analysis of data and the production of 
scientific results from RHIC, Fermilab and 
CERN. The establishment of the farm has 
already been achieved since the meeting. 
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WASA meson detector inaugurated 

The two halves of the WASA caesium iodide calorimeter barrel. A schematic of the CELSIUS storage ring. 

During the recent PANIC99 par t ic le /nuc lear 
physics conference (CERN Courier Sep tember 
p9) , C E L S I U S / W A S A , a new detector facility 
for the CELSIUS cooler storage ring, w a s inau­
gura ted .The inaugurat ion talk w a s given by 
Erwin Gabathuler and the facility w a s shown 
to conference part icipants dur ing tours of the 
the Svedberg Laboratory - a Swed ish national 
facility for accelerator-based research . 

T h e name of the laboratory is assoc ia ted 
with Svedberg , the 1926 chemis t ry Nobel 
Laureate, who in 1945 took the initiative to 
build the Gustaf Werner 185 MeV synch ro ­
cyclotron that was , in the early 1950s, the 
highest-energy accelerator in Western Europe. 

This accelerator, rebuilt into a sector-
focusing synchrocyc lo t ron, is used for 
research and also serves as an injector for 
CELSIUS (Cool ing with Electrons and Storing 
Ions f rom the Uppsala Synchrocyc lo t ron) , 
which is an accelerator and storage ring 
intended for internal target exper iments . 

The magnets for the 82 m c i rcumference 
CELSIUS ring - former ly used in the C E R N g-2 
exper iment (to measure the muon 's mag­
net ism) and ICE ( b e a m cool ing) e x p e r i m e n t -

were brought f rom C E R N to Uppsala in 1983. 
CELSIUS exper iments began in 1990.There 
are two target stat ions. One is occupied by 
C E L S I U S / W A S A and makes use of protons 
with energies of up to 1.36 GeV. 

T h e C E L S I U S / W A S A col laborat ion involves 
groups f rom Uppsa la , S tockho lm, Hamburg , 
Tub ingen , Ju l ich , Warsaw, Moscow, Dubna , 
Novosibirsk, Osaka and Tsukuba . Studies will 
be made of decays and product ion of light 
mesons f rom inelastic pro ton-hydrogen coll i­
s ions. C E L S I U S / W A S A consists of a forward 
part, primarily for measurements of the 
scattered protons, and a central part for m e a ­
suring the mesons and their decay f ragments. 
T h e targets are hydrogen pellets injected at 
high speed (60 m / s ) through a tube that 
connects to the CELSIUS beam tube .They are 
produced f rom a liquid jet broken up into 
droplets by a piezoelectric crystal at the noz­
zle. The s t ream of 0.03 m m diameter pellets 
can be col l imated so that the desired size and 
f requency are reached at the circulating 
proton b e a m . 

One key componen t is the very thin super­
conduct ing solenoid coil , which is a further 

deve lopment of a i rborne magnets for 
J a p a n e s e space exper iments. Copper of 3 m m 
th ickness, cor responding to only 0.18 radi­
ation lengths, is p laced inside the caes ium 
iodide calor imeter barrel , which has 1012 
individual e lements . Inside the solenoid are a 
plastic scinti l lator barrel with 146 e lements 
and a mini drift chamber with 1738 individual 
st raws. T h e trigger sys tem has to cope with a 
total event rate of 10 MHz. 

Already, several years of product ion exper i ­
ments , with only the forward part of W A S A , 
have provided interesting new information on 
meson product ion near the kinematical 
th resho ld .These measurements will cont inue, 
and studies of rare eta decays are being initi­
a ted . Of main interest are suppressed 
electromagnet ic decays and strong decays. 
T h e s e will be used to measure limits of C and 
CP symmet r ies and their relations to the cor­
responding symmet r ies in the kaon sys tem. 

Unders tanding low-energy phenomena in 
te rms of quarks is one of the great chal lenges 
of subatomic phys ics .The rare decay pro­
cesses may also unravel surpr ises that are not 
easi ly explainable by the Standard Model . 

ISAC achieves lOpA 
T h e new isotope separator and accelerator 
( ISAC) facility at the Canad ian T R I U M F labora­
tory passed a milestone on 28 Ju ly when the 
proton current on target was raised to 10 |jA, 
making it the highest intensity isotope separ­
ator on-l ine ( IS0L) radioactive ion beam 

facility. Current exper iments focus on the ve ry 
short- l ived isotope rubidium-74, for which 
measurements of the half-life (65 ms) and 
branching ratios are expected to provide 
fundamenta l tests of the weak interact ion. 

Nuclear shape measurements are also 
u n d e r w a y using the low-temperature nuclear 
orientation ( L T N 0 ) facility f rom Oak Ridge. 
Exper iments at lower intensity have been 

carr ied out s ince late November 1 9 9 8 (CERN 
Courier March p7) , when ISAC was first c o m ­
miss ioned with a 1 | J A proton beam. An initial 
test at 1 0 0 M A is p lanned for December 1 9 9 9 . 
Meanwhi le , progress is on schedule with the 
radiof requency quadrupo le and drift-tube 
linac sect ions for the accelerat ion of the ions 
to 1 .5 M e V / n u c l e o n for nuclear astrophysics 
exper iments at the end of 2 0 0 0 . 
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PHYSICSWATCH 
Edited by Alison Wright 

Except where otherwise stated, these news items are taken from the Institute of Physics Publishing's PhysicsWatch serv ice, which is available at "h t tp : / /Phys icsWeb.org" . 

Quantum modelling of the mind 
S o m e of the best minds in biophysics have 
been div ided on the quest ion of how to model 
the workings of the human brain. Mainstream 
research has concentrated on developing 
complex neural networks to perform the 
cognit ive processes that we call consc ious­
ness. However, others, including Roger 
Penrose at Oxford, have argued that 
consc iousness is in fact a quan tum effect and 
can only reasonably be s imulated by a 
quantum computer. 

The big issue in quantum consc iousness is 
coherence t ime: how long can a superposi t ion 
of quan tum states in the brain persist? For 
the brain to be a true quantum mechanica l 
sys tem, the coherence t ime must be at least 

1 s. S o m e say that it is, while others, including 
Stephen Hawking, say that it isn't. Now, Mark 
Tegmark of Princeton has weighed in with new 
calculat ions of coherence t imes for two 
cognit ive models . 

The first model descr ibes the thought 
process as "neuron firing", where brain 
impulses are caused by neurons pumping out 
sod ium ions and absorbing potassium ions. In 
the quantum picture, a neuron can exist in a 
superposi t ion of firing and non-fir ing states. 

In Penrose's alternative mode l , consc ious­
ness resides in microtubules - hollow 
cyl inders of protein that act as "scaffolding" to 
maintain the shape of brain cells. Using tech­
niques f rom string theory, thoughts can be 

model led as the col lapse of a quantum super­
posit ion of electrical excitations propagat ing 
in a microtubule. 

Whether the model involves neuron firing of 
charged ions or propagat ing excitat ions in 
m i c r o t u b u l e s j e g m a r k calculated that the 
inf luence of nearby ions, by coll ision or 
cou lomb interact ion, will destroy the 
coherence of the superposed states on very 
shor t t imescales ( 1 0 " 2 0 s for neurons and 
10" 1 3 s for microtubules) - too short for a 
quan tum sys tem. 

"There is nothing fundamenta l ly quan tum 
mechanica l about the cognit ive process in the 
brain" , said Tegmark. For the neural network 
communi ty "it's business as usual " . AIP 

Symptoms of supersymmetry Only 18 clicks 
of hyperlink 
separation 
Two randomly selected Web pages are on 
average 18 hyperl inks (or cl icks) apart. So 
says a group of US scientists who used a 
technique based on power law distr ibutions, 
borrowed from statistical physics, to investi­
gate the topology of the Internet. T h e team 
also predicted that, even if the number of 
pages on the Web grows by 1000%, any two 
pages will still be only 20 clicks apart. 

S o m e particle physicists were excited when 
they heard rumours that supersymmet ry had 
been f o u n d . T h e rumours were true. However, 
the supersymmet ry in quest ion is not the 
duality that boldly predicts that every known 
half-integer spin ( " fermion") particle should 
have an as-yet -unseen integer spin ( "boson" ) 
partner and vice versa. 

A S w i s s - G e r m a n team has ana lysed in 
depth the energy level spect rum of gold-196, 
which has an odd number of protons (79) 
and an odd number of neutrons (117). Add ing 

this information to their existing knowledge of 
neighbour ing even -even and even -odd nuclei , 
the exper imenters were able to find 
correlat ions in the energy levels that showed 
that nuclear forces are fe rm ion-boson 
symmetr ic - a property known in the physics 
wor ld as supersymmetry . 

Th is is good news for nuclear physicists, 
who now have an addit ional tool to help them 
to understand complex nuclear spect ra. 
However, particle physicists are still wait ing for 
their supersymmetr ic day to come. 

Quantum non-demolition is demonstrated on a single photon 
The first repeated measurement of a single 
photon has been reported at Ecole Normale 
Super ieure, Paris. Usual ly light detect ion is a 
destruct ive process, because photons are 
absorbed and converted into electrical 
s ignals. However, it doesn ' t have to be that 
way - the rules of quan tum mechan ics do 
actual ly allow repeated measurements of a 
quantum object wi thout destroying i t .This is 
cal led quantum non-demol i t ion ( Q N D ) and 
has been demonst ra ted for large photon 
f luxes, but never before for a single photon. 

After many years of effort, the Parisian 
researchers have now mastered the tricky 
Q N D technique and have made repeated 
measurements of a single photon t rapped in a 
niobium cavity. In the exper iment, a rubidium 
atom is passed through the cavity and the 
photon causes a phase shift in the atom's 
wavefunc t ion .The phase shift is detected by 
interferometry. Sending a toms through the 
cavity again and again repeats the 
measurement , because the photon remains 
undisturbed (al though it does suffer a phase 

shift - Heisenberg 's Uncertainty Principle 
won ' t let you have it every way ) . 

Th is Q N D technique could become the 
basis of a quan tum logic gate. 

C o r r e c t i o n 
T h e e-mail address printed in the 
adver t isement for VAT Vacuum Products on 
p l 2 of the Ju ly issue of CERN Courier was 
incorrect .The correct address is 
"uk@va tva l ve .com" . 
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Flat transistor 

S o u r c e 

G a t e 2 

D r a i n 

Scratches on the surface of a 
semiconductor, made using an AFM, can 
influence the conduction of electrons in the 
material. Shown here are grooves of 110 nm 
width, which form an in-plane-gate transistor 
in a GaAs/AIGaAs sample. 

Scientists at Hannover and Stuttgart have 
demonst ra ted a new nanomach in ing 
techn ique to make tiny electronic 
components . An atomic force microscope 
( A F M ) was used to etch the surface of a 
semiconductor and form a micrometre-s ized 
in-plane-gate ( IPG) transistor - a device in 
which the source, drain and gate of the t ran­
sistor all lie in a single plane rather than the 
usual sandwich structure. 

First the group fo rmed the semiconduc tor 
f rom layers of GaAs and A IGaAs , f inishing with 
a hard layer of GaAs on top. In the plane 
between these semiconductor layers, a 
reservoir of electrons co l lec ts .Then, by 
careful ly scratching grooves into the surface of 
the GaAs with the A F M , conduct ion channe ls 
for the electrons are def ined. 

The exper imenters were also able to mon i ­
tor the resistance across the etched lines 
during fabricat ion, thereby al lowing the 
characterist ics of the electronic device to be 
tuned ve ry accurately. 

Wi th a few more scratches (as tunnel l ing 
barriers across the conduct ion channe l ) , the 
IPG transistor was t ransformed into a single-
electron transistor that (as its name suggests) 
is capable of registering the movemen t of 
single electrons. AIP 

IRIS Explorer 1 

B r i n g s a l i v e y o u r 

c o m p l e x d a t a . 

vision 
r n e p o w e r 

t o s e e m o r e 

d e e p l y . 

A s k f o r y o u r f r e e t r i a l c o p y 

o f IRIS E x p l o r e r t o d a y q u o t i n g 

r e f e r e n c e n u m b e r 7 9 9 0 1 1. 

T e l + 4 4 ( 0 ) 1 8 6 5 5 1 1 2 4 5 

E m a i l s a l e s @ n a g . c o . u k 

w w w . n a g . c o . u k / i e c c 

^ p e n G L 

F E E D T H R O U G H S 

\ 

Mum-pin 
Connectors 
N E W C E R A M I C S E A L I N G T E C H N O L O G Y 

A L L O W S U S T O C R E A T E C U S T O M 

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

T E C H N I C A L R E Q U I R E M E N T S . 

EXTREME HEAT 
SEVERE COLD 
D T Y P E CONNECTORS 
ULTRA HIGH VACUUM 
HIGH DENSITY 
DESIGNS 
LOW PROFILE 
CONFIGURATIONS 
COAXIAL CONNECTORS 
50 OHM IMPEDENCE 
THERMO COUPLES 
HIGH VOLTAGE 

~X~] Ceramaseal 
I A D i v i s i o n o f CeramTec 

•%0 New Lebanon. New York 
I Tel: +1-518-794-7800 
I I Fax: +1-518-794-8080 

w w w . c e r a m a s e a l . c o m 

C E R N C o u r i e r October 1999 

mailto:sales@nag.co.uk
http://www.nag.co.uk/iecc
http://www.ceramaseal.com


«a/p pir\npss T"x-661 

New Journal of Physics 

D U X 1.1 . 

njp.org 

r re : . e e l i i . • : : . i ^ i £ 0 1 

Institute of Physics 

DEUTSCHE PHYSIKALISCHE GESELLSGHAFT 

http://njp.org


ASTROWATCH 
Edited by Emma Sanders 

Cosmology not constant Millennium 
'delayed' by 
space mission 
to Saturn 
Hold the champagne ! Mil lennium 
celebrat ions throughout the wor ld will be 
de layed .The culprit is the Cass in i -Huygens 
space miss ion, which f lew by the Earth in 
August in order to pick up speed for its 
outward journey to Sa tu rn .The energy gained 
by Cassini was lost by the Earth, thus s lowing 
down its orbital mot ion. However, as t ronomers 
shouldn ' t be criticized as party poopers -
celebrat ions will only have to wait an extra 
million millionth of a second . 

Picture of the month 

A simulat ion of the evolution of the universe 
suggests that it is expanding at an accelerat­
ing rate. Th is is more evidence for the 
existence of Einstein's cosmological constant 
- a kind of gravitational pressure in space that 
acts against the attraction due to mass. 

Last year the Virgo consort ium carried out 
the largest computer simulat ion ever, 
model l ing the evolution of some 1 billion 
par t ic les.The consor t ium groups ast ronomers 
f rom Canada , Germany, the UK and the US 
and it is led by Carlos Frenk at Durham 
University in the UK. 

T h e Durham group has now used the Virgo 
simulat ion to explain observat ions of real 
galaxies. It used models of galaxy format ion 
together with the distribution of matter pre­
dicted by the simulat ion. 

"This is the first t ime that we have had a 

theory that matches the observed distribution 
of clustering", said Frenk. "Its amazing. I 
couldn' t believe it when I first saw it!" 
However, to get a perfect match, they needed 
to use a non-zero cosmological constant. 

Th is is not the first t ime that observat ions 
have implied the existence of a cosmological 
constant. Supernova studies (CERN Courier 
May p9) have also hinted at this and Frenk 
says that his results are "beautiful ly consis­
tent". The group is t ry ing to test its result by 
carry ing out an addit ional simulat ion in 
paral lel, this t ime including both dark matter 
and gas. First indicat ions are in agreement , 
but there is a greater margin of error. 

T h e Virgo supercomputer s imulat ions were 
carr ied out at the Max-P lanck centre in 
Garching, Germany, and the Edinburgh 
computer centre in the UK. 

FUSE lift-off 
A new satellite to explore the ultraviolet uni­
verse - the Far Ultraviolet Spectroscopic 
Explorer ( F U S E ) - w a s launched on 24 June . It 
will investigate the origin and evolution of the 
lightest e lements - hydrogen and deuter ium. 

Deuter ium is a valuable indicator of what 
happened in the early universe, because its 
format ion depended on the temperature and 
densi ty at that t ime. The amount of deuter ium 
has been decreas ing ever since because it is 
recycled by nuclear f ission in stars. A measure 
of the relative abundance of hydrogen and 
deuter ium can reveal valuable information 
about the condi t ions just a few seconds after 
the Big Bang. 

FUSE will also be used to observe the c o m ­
posit ion of interstellar gas and the chemical 
evolut ion of ga lax ies .The satellite will observe 
the far-ultraviolet spec t rum from 90 to 
120 nm with more than 10 000 t imes the 
sensit ivi ty previously attainable. 

FUSE was built by col laborators in France, 
Canada and the US and is part of the NASA 
Origins p rogramme. Future Origins te lescopes 
include the successor to the Hubble - the 
Next Generat ion Space Telescope, currently 
p rogrammed for launch in 2006. 

This radio map shows the nucleus of the quasar 3C380 (left), with emission from a huge jet 
240 light years across blasting out into space to the right. Quasars are galaxies with 
supermassive black holes at their centre. Radio emission is caused by synchrotron radiation 
from electrons moving close to the speed of light along the huge magnetic fields produced 
by the black hole. 3C380 is the first radio source processed with the new European Very 
Long Baseline Interferometry (VLBI) Network Processor which was commissioned this 
summer. VLBI observations use up to 16 radiotelescopes simultaneously at different sites 
around the world. The data are then combined to simulate one enormous telescope, giving 
the highest resolution available in astronomy. (JIVE.) 
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ELECTROWEAK PHYSICS 

200 GeV 
achieved 
for 2000 
In the last 10 years electroweak, physics 
has been transformed from a subtle effect 
into big science. At the forefront of this 
effort has been CERN's LEP 
electron-positron collider, which is now 
celebrating its tenth birthday 

T h e n e w s broke in the S e p t e m b e r i ssue ( p 7 ) tha t C E R N ' s LEP e lec­
t ron -pos i t r on col l ider w a s runn ing at 100 G e V per b e a m (g iv ing a 
total col l is ion e n e r g y of 2 0 0 G e V ) a n d g iv ing v e r y s tab le cond i t ions . 

S o m e 10 yea rs a g o , e q u i p p e d w i th r o o m t e m p e r a t u r e c o p p e r 
rad io f requency cav i t ies , LEP b e g a n opera t ing at 45 G e V per b e a m . 
F r o m 1995, s u p e r c o n d u c t i n g r a d i o f r e q u e n c y b e g a n to be a d d e d 
a n d the mach ine ' s e n e r g y i nc reased initially to 65 G e V per b e a m , 
t h e n to 80 .5 G e V in 1996 a n d to 94 .5 G e V in 1998. 

Wh i le th is d ramat ic boos t in col l is ion e n e r g y v ia supe rconduc t i ng 
rad io f requency power looks like a lat ter-day a c c o m p l i s h m e n t , f rom 
the v e r y ou tse t LEP w a s f o r e s e e n as be ing c a p a b l e of a t ta in ing at 
least 100 G e V b e a m s . T h e p i o n e e r 1976 s t u d y g r o u p ( w h i c h 
i nc l uded Bur t Richter , v is i t ing C E R N f r o m S L A C in S t a n f o r d ) 
a d d r e s s e d a m a c h i n e tha t w a s d e s i g n e d to ach ieve a b e a m e n e r g y 
of 100 G e V and a luminos i ty (wh i ch is a m e a s u r e of the part ic le co l ­
l ision rate) of 1 0 3 2 / s q . c m / s . E lec t rons are v e r y light par t ic les , s o 
e lec t ron rings have to c o m b a t l osses ow ing to synch ro t ron radiat ion 
as the b e a m s are bent . To m in im ize t h e s e losses , the LEP c i r c u m ­
fe rence w a s m a d e as large as poss ib le . T h e r e f o r e the m a g n e t s do 
not have to be v e r y power fu l . 

P ro tons , however , do not lose m u c h e n e r g y v ia synch ro t r on rad ia­
t ion a n d pro ton r ings c a n be c o m p a c t , w i th power fu l m a g n e t s to 
b e n d the b e a m s . A s a result , C E R N has its 27 km LEP ring runn ing 

CERN's LEP electron-positron ring 
and 100 GeV per beam. 

• operating between 45 

with e lec t rons and pos i t rons at 100 GeV. However , the pro tons in the 
LHC m a c h i n e , built in t he s a m e t u n n e l , go beyond 8 T e V . 

T h e 1977 LEP s tudy g roup looked at 100 G e V per b e a m or more in 
a 51 km c i r c u m f e r e n c e r ing, but , b e c a u s e of techn ica l di f f icul t ies 
and the cost , a s tudy for a m a c h i n e half the s ize of LEP-100 w a s 
p repa red . In 1978 the s tudy g roup p r o d u c e d a 22 km ring des ign 
a i m e d at 70 GeV, a n d the e m e r g i n g 1979 des ign fo resaw a 31 km 
ring wi th s to red b e a m s c a p a b l e of be ing t aken f rom an in ject ion 
level of 22 G e V up to 130 GeV, wi th an initial opera t ion of 86 GeV. 
T h e r ing w a s s u b s e q u e n t l y t r i m m e d to 27 km a n d , as a p p r o v e d by 
C E R N Counc i l in 1981, L E P w a s o p t i m i z e d for a b e a m e n e r g y of 
8 0 - 1 0 0 G e V but wi th an initial opera t ion p h a s e of up to 55 G e V . T h e 
initial LEP s tudy g roup at C E R N w a s led by Eberha rd Kei l , Wo l fgang 
Schne l l a n d K e e s Z i l v e r s c h o o n . Emi l io P i c a s s o b e c a m e pro jec t 
d i rector in 1981. 

L E P ' s init ial p h y s i c s goa l w a s to f ind a n d m a k e p rec i s ion 
m e a s u r e m e n t s o f t h e Z , w h i c h is t h e neut ra l car r ie r of t he w e a k 
in te rac t ion . Us ing t h e f r esh l y m i n t e d e l ec t r oweak m o d e l , o t he r 
expe r imen ts in the late 1970s a n d ear ly 1980s began to hint tha t 
the m a s s of t he Z a n d its e lect r ica l ly cha rged W c o m p a n i o n we re 
a round 100 GeV. 

Syn thes i z i ng the Z in e l ec t ron -pos i t r on ann ih i la t ions w o u l d n e e d 
on ly 50 G e V .per b e a m , but t he W, w h i c h has to be p r o d u c e d in 
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The footprint of CERN's 27 km LEP electron-positron ring fits between the Jura mountains (left) and Geneva airport (right). 

oppos i te l y cha rged pai rs , wou ld n e e d tw ice as m u c h b e a m energy. 
T h u s LEP had to be c a p a b l e of p roduc ing W pairs. 

Howeve r , by the t i m e t h e f inal L E P d e s i g n repor t h a d b e e n 
fo rmu la ted in 1984, the W and the Z had been d iscovered at C E R N ' s 
p ro ton -an t i p ro ton col l ider wi th m a s s e s of a r o u n d 80 a n d 9 0 G e V 
respec t i ve l y .The latt ice of m a g n e t s , wh i ch hold LEP 's e lec t rons and 
pos i t rons on t rack, w a s op t im ized for t he 8 0 - 1 0 0 G e V b e a m e n e r g y 
range. 

A l t hough the Z had b e e n f o u n d , L E P still had the f o rm idab le task 
of m a k i n g prec is ion m e a s u r e m e n t s of th is part ic le. A n e lec t ron ring 
tha t is op t im i zed for r unn ing at a r o u n d 8 0 G e V per b e a m is not 
u n d u l y t a x e d w h e n r u n n i n g at 4 5 G e V per b e a m to p r o d u c e Z 
par t ic les. F rom 1989 to 1995 the fou r LEP expe r imen ts a m a s s e d 
b e t w e e n t h e m s o m e 2 0 mil l ion Z s . 

Meanwh i l e , work had been u n d e r w a y to e n s u r e that the supe r ­
conduc t i ng rad io f requency power w o u l d be avai lab le for t he h igher-
e n e r g y LEP b e a m s - t he R & D p r o g r a m m e had b e g u n even be fore 
LEP had been fo rma l l y a p p r o v e d . W i t h suf f ic ient s u p e r c o n d u c t i n g 
acce le ra t ing power on b o a r d , t he fou r LEP expe r imen ts began log­
g ing the product ion of W pairs in 1996, and this phys ics too b e c a m e 
the sub jec t of prec is ion study. 

A s t h e s e e lec t roweak data began to pile up , ano the r phys ics hor i ­
z o n b e c k o n e d . At the hear t of t he e lec t roweak m o d e l is the mys te r i ­
ous Higgs m e c h a n i s m , wh i ch e n d o w s the v a c u u m wi th a p re fe r red 

d i rect ion. H iggs par t ic les have to be p resen t to m a k e the e lec t ro ­
w e a k t h e o r y t ick, but t he t h e o r y can pred ic t v e r y little abou t t h e m . 

No expl ici t s ign of H iggs part ic les had t u rned up by the t ime the W 
pair th resho ld had b e e n r e a c h e d at 80 .5 G e V per b e a m . However , 
phys ic is ts had ano the r lever to pr ise o p e n the Higgs door. T h e inter-
cons i s tency of t he a c c u m u l a t e d e lec t roweak data l imits w h e r e the 
Higgs part ic les can be, even if the part ic les are as yet invisible. In the 
s a m e w a y tha t para l lax m e a s u r e m e n t s f r om two t e l e s c o p e s g ive a 
better fix on a d is tant s tar t han can be ach ieved by a s ingle s ight ing, 
e l ec t roweak m e a s u r e m e n t s f r om d i f fe rent sec to r s g ive a s h a r p e r 
picture wi th less r o o m for t he H iggs to m a n e o u v r e . 

W i t h t he e l e c t r o w e a k pr ize at s t a k e , L E P ' s b e a m e n e r g y w a s 
p u s h e d b e y o n d the W pair t h resho ld f r om 1998. W h e n the b e a m 
energy is inc reased f rom 80 to 100 GeV, t he e lect rons and pos i t rons 
lose 2.44 t imes as m u c h ene rgy v ia synchro t ron radiat ion and these 
losses have to be c o m p e n s a t e d for by s u p e r c o n d u c t i n g power. 

T h a t th is can be a c h i e v e d is the u l t imate s u c c e s s of LEP 's supe r ­
conduct ing rad io f requency p rog ramme and its a t tendant c ryogen ics . 
T h e cont inua l ly inc reas ing col l is ion rate ( l um inos i t y ) at t hese h igher 
energ ies ref lects the fo res igh t of t he LEP m a c h i n e des igners , w h o 
ensu red that the ring had all of the n e c e s s a r y beam-hand l i ng power 
right f rom the beg inn ing . T h e tr ick w a s to a l low for f lex ib le p h a s e 
a d v a n c e , w h i c h f o c u s e d t he b e a m s m o r e t ight ly as t h e e n e r g y 
i nc reased , to c o m b a t the i r natura l t e n d e n c y to inc rease in s ize . • 
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ELECTROWEAK PHYSICS 

From Z to ZZ - a decade 
of electroweak precision 
After having carefully amassed some 18 million Z particles one by one over 10 years, 

the experiments at CERN's LEP electron-positron collider are now producing Zs in pairs. 

%11 

T h e Z pa i rs are t he la test add i t i on to a phys i cs ga l l e ry tha t w a s 
o p e n e d 21 years ago w h e n an expe r imen t us ing a polar ized e lect ron 
b e a m at S L A C , S tan fo rd , p rov ided the first f i rm ev idence tha t nature 
i nc l uded a s y n t h e s i s of w e a k a n d e l e c t r o m a g n e t i c i n te rac t ions . 

Th i s l andmark expe r imen t s u c c e e d e d in m e a s u r i n g the de l icate 
i n te r fe rence e f fec ts b e t w e e n p r o c e s s e s m e d i a t e d by e lec t ro ­
m a g n e t i c p h o t o n s a n d t h o s e m e d i a t e d by t h e Z ( t he e lec t r ica l ly 
neutra l carr ier of the w e a k f o r c e ) . S o o n after, A b d u s S a l a m , one of 
the arch i tec ts of t he uni f ied p ic ture , co ined the t e r m "e lec t roweak" . 

Five years o n , at C E R N ' s p ro ton -an t i p ro ton col l ider, t he Z c a m e 
out into the o p e n . In 1989, C E R N ' s n e w LEP e lec t ron -pos i t ron co l ­
l ider a n d the S L C l inear col l ider at S L A C w e r e be ing c o m m i s s i o n e d 
a n d the s tage w a s set for a n e w kind of phys ics - p rec is ion s tud ies 
of the e lec t roweak in teract ion us ing Z par t ic les. 

At t he 1989 L e p t o n - P h o t o n S y m p o s i u m at S tan fo rd , S L C phys i ­
c ists repor ted f ind ing 2 3 3 Z s . L E P repor ted 1 0 0 0 0 Z s in October . 

A d e c a d e later, th is yea r ' s l e p t o n - p h o t o n m e e t i n g r e tu rned to 
S tan ford ( p 6 ) . Morr is Swar t z of J o h n s Hopk ins , w h o repor ted on pre­
cis ion e lec t roweak phys ics wi th Z part ic les, had 18 mil l ion Z s to draw 
o n , a m a s s e d , main ly , by t h e f ou r L E P e x p e r i m e n t s f r o m 1989 to 
1995, be fo re LEP ' s e n e r g y w a s i n c r e a s e d . T h e S L C w e n t ou t in a 
b laze of g lo ry last yea r (CERN Courier O c t o b e r 1998 p 2 9 ) a n d , wi th 
L E P exp lo r ing pas tu res new, t h e s e 18 mi l l ion even ts wil l p robab l y 
rema in the bulk of the wor ld ' s Z phys ics a rch ive for s o m e t ime . 

F rom the Z d i scove ry in 1983 until the adven t of LEP a n d the S L C 
in 1989, col l iders at C E R N a n d Ferm i lab en joyed a m o n o p o l y on Z 
phys i cs .Th i s m o n o p o l y con t i nued for the W, the electr ical ly cha rged 

JLfetl 

Exactly 10years ago, experiments 
at CERN's LEP electron-positron 
collider saw their first Z particles. 
Now, with its energy increased from 
45 to 100 GeV per beam, LEP can 
produce pairs ofZs. In the event 
shown here from the DELPHI 
detector, the first picture shows 
energetic muons (the green 
squares are muon signals) and the 
second shows the showers (jets) 
produced by a quark pair. 

coun te rpa r t of the Z , until 1996, w h e n LEP 's ene rgy w a s i nc reased 
suf f ic ient ly for e x p e r i m e n t s to record the i r first W pairs. 

A t S tan fo rd th is year, Dav id Char l ton of B i rm ingham repor ted on 
e l e c t r o w e a k p h y s i c s f r o m L E P 2 ( L E P ope ra t i ng at or b e y o n d t h e 
t h r e s h o l d for p r o d u c i n g W p a i r s ) . T h e W m a s s fix f r o m L E P is 
80 .35 ± 0 .056 GeV , wh i ch is now m o r e accu ra te t han the Fermi lab 
Tevat ron fix a n d ref lects the shi f t ing f o c u s of W phys ics . Even greater 
a c c u r a c y is o b t a i n e d v ia ind i rec t m e a s u r e m e n t s f r o m t h e la test 
round of neut r ino e x p e r i m e n t s at Fermi lab . 

Us ing th is a n d o the r input, e l ec t roweak c o n s i s t e n c y a r g u m e n t s 
st rongly hint that the m a s s of the Higgs part ic le, wh ich is respons ib le 
for t he sub t le 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 
e lec t roweak m e c h a n i s m , is l ighter t h a n 3 0 0 GeV. 

A t its new energ ies , LEP is ab le to p robe the interact ion of e lec t ro­
w e a k car r ie rs a m o n g t h e m s e l v e s , for e x a m p l e v ia W W Z a n d W W -
pho ton m e c h a n i s m s . ( A ful ler repor t of LEP2 phys ics a c h i e v e m e n t s 
will be pub l i shed shor t ly . ) 

Fermi lab 'sTevat ron p ro ton-an t ip ro ton col l ider still en joys exc lus ive 
cove rage of t he s ixth top quark , wh i ch w a s d i scovered in 1995. T h e 
latest m a s s fix, repor ted at S tan fo rd by Mark Lancas te r of Berkeley, 
is cen t red at 174.3 GeV. E lec t ron -pos i t ron m a c h i n e s canno t s e e the 
t op q u a r k di rect ly , bu t c a n infer its p r e s e n c e indirect ly. T h e L E P 
e l e c t r o w e a k c o n s i s t e n c y fit g i ves a c o m p a t i b l e t op q u a r k m a s s . 

Af ter 10 years of prec is ion e lec t roweak phys ics , t he Higgs part ic le 
now l o o m s large. However , w i th LEP ' s rad io f requency p o w e r h o u s e 
work ing at full s t re tch , t he re is still a c h a n c e that LEP cou ld del iver 
the Higgs be fore the m a c h i n e is f inal ly sw i t ched off next a u t u m n . • 
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Neutrino 
physics 
gains 
weight 
Neutrinos are always compelling physics, 
The neutrino sessions at this year's 
International Lepton-Photon Symposium at 
Stanford gave an up-to-date snapshot. 

Neut r inos , wh ich interact on ly v ia the w e a k fo rce , may be the pures t 
f o r m of lep ton a n d d e s e r v e d to be in the spo t l i gh t at t he 
Internat ional L e p t o n - P h o t o n S y m p o s i u m at S tan fo rd ( p 6 ) . Neut r ino 
phys ics ques t i ons are f requen t l y un reso l ved a n d are even con t ro ­
ve rs ia l , like Pauli 's pred ic t ion of a part ic le tha t hard ly in teracts at 
al l . Neut r ino phys ics has l ived up to th is reputa t ion ever s i nce . 

Last year, data on neut r inos gene ra ted by cosmic - ray col l is ions in 
the a t m o s p h e r e ushe red out the old o r t hodox v i ew tha t neu t r inos 
a re m a s s l e s s par t i c les . E n d o w e d w i th m a s s , t he t h ree k inds of 
neu t r inos - e lec t ron , m u o n a n d tau - are not immu tab le a n d can 
"osc i l l a te " f rom o n e k ind of neu t r i no to ano the r . T h i s y e a r t he 
neu t r i no resu l ts p r e s e n t e d 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 s h o w e d that th is v i e w has now f i rmly taken root. 

T h e 1998 pa rad igm shift w a s the o u t c o m e of the re lease of initial 
da ta f r o m the 50 0 0 0 t o n n e S u p e r - K a m i o k a n d e u n d e r g r o u n d 
neut r ino detector in J a p a n . T h e ef fect - a defici t of m u o n neut r inos -
m e a s u r e d by the S u p e r - K a m i o k a n d e de tec to r had b e e n k n o w n 
s i n c e t he ear l y 1980s f r o m s m a l l e r e x p e r i m e n t s . Howeve r , t he 
S u p e r - K s igna l insp i red phys ic i s ts w i th n e w 50 0 0 0 - t o n n e con f i ­
d e n c e . O n e yea r d o w n the l ine th is c o n f i d e n c e s e e m s c o m p l e t e . 

A t m o s p h e r i c neut r inos are not a lone in osc i l l a t i ng .The dear th of 

NEUTRINOS 

The Sudbury Neutrino Observatory in Canada has produced its 
first images of neutrino interactions in its 1000 tonnes of heavy 
water. The data from this new type of neutrino detector could 
help to pin down the properties of solar neutrinos. 

neut r inos f rom the S u n - an ef fect k n o w n for 3 0 years - w a s initially 
at t r ibuted to the innate dif f icult ies of neut r ino expe r imen ts a n d of 
es t imat ing the radiat ive neut r ino power of the S u n rather t han the 
neut r inos t h e m s e l v e s . 

In his p r e s e n t a t i o n , Yo i ch i ro S u z u k i of T o k y o a s k e d w h y so la r 
neutr ino exper imen ts , wh ich were the first to detect neutr ino def ici ts, 
had not c l a imed the d i s cove ry of neut r ino osc i l l a t ions .The reasons , 
o b s e r v e d S u z u k i , w e r e the uncer ta in ty of gaug ing the so lar neut r ino 
f lux a n d the diff iculty in prov id ing a un ique osci l lat ion so lu t ion . 

F l u x - i n d e p e n d e n t i nd i ca to rs , s u c h as a s y s t e m a t i c d i f fe rence 
be tween the dayt ime and night- t ime s ignal and a spec t rum reveal ing 
the w a y that neut r ino behav iou r c h a n g e s wi th energy, wou ld prov ide 
a more reliable indicat ion. However , t hese were not fo r thcoming f rom 
the p ioneer expe r imen ts . 

S u p e r - K has a m a s s e d 8 2 5 days of logged so la r neut r ino d a t a , 
and the day -n igh t rates differ by 6.5% (albei t wi th an error of a lmos t 
5 0 % ) - a poss ib le ind ica t ion of so la r neu t r i no e f fec ts o w i n g to 
neutr ino t rans i t ions occur r ing whi le they pass th rough the E a r t h . T h e 
ene rgy s p e c t r u m d o e s not look flat. 

T h e S u d b u r y Neut r ino O b s e r v a t o r y in C a n a d a will s o o n prov ide 
va luab le new data on add i t iona l reac t ions of so lar neut r inos v ia the 
neutral as wel l as the cha rged cur ren t of w e a k in teract ions. 

At S tan fo rd ,Tony M a n n of Tufts cove red the a tmosphe r i c neut r ino 
sec to r - cen t re s tage s ince the S u p e r - K resul ts of 1998. A s wel l as 
the S u p e r - K w a t e r C h e r e n k o v de tec to r , t he S o u d a n II s a m p l i n g 
ca lor imeter in the U S and the Mac ro m u o n de tec to r in the Ital ian 
Gran S a s s o labora to ry are a lso add ing the i r weight . 

T h e angu la r d is t r ibut ion of S u p e r - K s igna ls , or ig inal ly d isp layed 
in on ly f ive angu la r b ins - now e x t e n d e d to ten - c lear ly s h o w the 
s h a r p def ic i t of m u o n neu t r i nos t rave l l ing u p w a r d s , af ter hav ing 
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NEUTRINOS 

p a s s e d th rough the Ear th be fore hit t ing the detector . 
Neut r ino osci l lat ion looks likes it's here to stay, but the nature and 

pa rame te r s of the osc i l la t ions have yet to be d e t e r m i n e d . S tud ies 
us ing neut r inos f rom reactors a n d f rom acce le ra to rs are p lay ing a 
key role. A t S tan fo rd , Luigi Di Leila of C E R N w a s the reviewer. 

T h e C h o o z ( p r o n o u n c e d " S h a w " ) reac to r e x p e r i m e n t in F r a n c e 
p r o v i d e d key resu l ts tha t l imi ted the poss ib i l i t ies for t h e d i s a p ­
p e a r a n c e of e lec t ron- type neut r inos over a 1 km fl ight path f rom the 
reactor to the de tec to r .The C h o o z exper imen t has now comp le ted its 
miss ion but another , at Palo Verde in the US, con t inues to take da ta . 

A s for neut r ino expe r imen ts at acce le ra to rs , a long-s tand ing f e a ­
ture has been resul ts f rom the L S N D s tudy at Los A l a m o s a n d the 
K a r m e n detec tor at the U K Ruther fo rd A p p l e t o n Labo ra to r y on the 
a p p e a r a n c e , or o the rw ise , of (an t i )e lec t rons f rom a b e a m of m u o n 
( a n t i ) n e u t r i n o s . T h e f o r m e r " s e e s " a s igna l , the latter d o e s not, but 
t he two resul ts are not ent i re ly i ncompat ib le - the reg ions a c c e s s e d 
by the two exper iments (and o thers ) do not co inc ide to ta l ly .Thus, the 
osci l la t ion s ignal sugges ted by L S N D c a n n o t be ru led out. Mak ing 
th is effect cons is ten t wi th the rest of the neutr ino data is h ighly c o n ­
s t ra in ing, accord ing to H a m i s h R o b e r t s o n of Wash ing ton in his s u b ­
s e q u e n t rev iew of neut r ino m a s s a n d osc i l la t ions. 

A fea tu re of cu r ren t neut r ino d o g m a is tha t the b izar re "s ter i le" 
neut r inos , wh ich do not react , cou ld s a p the power of o ther neut r ino 
b e a m s as the i r non-s te r i l e par t i c les osc i l la te ou t of s ight . S o m e 
phys ic is ts are open l y scept ica l of t he L S N D result. Di Leila dut i ful ly 

s u r v e y e d the expe r imen t ' s t rack record but f ound no c racks . 
C h o r u s and N o m a d at C E R N had se t ou t to s e e the p roduc t ion of 

t au neu t r i nos f r o m an a c c e l e r a t o r - p r o d u c e d b e a m ma in l y c o m ­
posed of m u o n neut r inos. Both s tud ies have comp le ted data tak ing, 
a l though C h o r u s has not yet a n a l y s e d all of the interact ion t r iggers 
in its emu ls ion target. W i th no tau p roduc t ion yet s e e n , the con tou rs 
s h o w i n g t he l imits on neu t r i no m a s s d i f fe rence a n d m ix ing 
pa rame te rs can be e x t e n d e d substant ia l ly . 

A ma jo r new player on the neut r ino s c e n e will be the M in iBoone 
exper imen t , wh i ch uses a b e a m der ived f rom the Fermi lab booster . 
Th is shou ld def in i t ively con f i rm or refute the L S N D result. 

To explore the remain ing a l lowed osci l lat ion territory, the emphas i s 
a lso tu rns to " long base l i ne " e x p e r i m e n t s in wh ich neut r ino b e a m s 
f r o m a c c e l e r a t o r s t rave l ove r seve ra l h u n d r e d k i l omet res be fo re 
reach ing the ma in neut r ino target. 

T h e K 2 K expe r imen t us ing b e a m s f rom the J a p a n e s e K E K labora ­
t o r y a n d the S u p e r - K d e t e c t o r h a s n o w s ta r t ed ( p 5 ) , wh i le t h e 
M I N O S s tudy ( p 6 ) will cover a longer base l ine and use h igher -energy 
par t ic les. T h e K A M L A N D e x p e r i m e n t in J a p a n ( C E R N COURIER Apr i l 
p 2 2 ) wil l look for i n te rac t ions f r om neu t r i nos emi t ted by nuc lea r 
reactors more t h a n 100 km away. 

W i th ques t i ons u n a n s w e r e d and severa l pro jects u n d e r w a y , wi th 
more at p roposa l s tage , a n d the fac t tha t t he imp l ica t ions of t he 
results are of impor tance for our unders tand ing of the un iverse, n e u ­
tr ino phys ics will ma in ta in interest wel l into the next century . • 
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B PHYSICS 

A good BaBar gain 
T h e BaBar expe r imen t rep resen ts "a new m o d e of U S expe r imen t ­
a t i on " , sa id S tan fo rd L inear Acce le ra to r Cen te r ( S L A C ) d i rector Burt 
Richter at the exper iment 's fo rma l ded ica t ion on 13 Augus t . BaBar is 
the detec tor at the hear t of the recent ly c o m m i s s i o n e d PEP-I I B fac­
to r y at S L A C , S tan fo rd . S o m e 5 0 % of the physic is t par t ic ipat ion and 
4 0 % of the ha rdware va lue c o m e f rom outs ide the US. 

Physic is ts habi tua l ly use an overst r ike to d e n o t e an ant ipar t ic le . 
T h e y talk abou t " p - b a r s " ins tead of an t ip ro tons , and "B -ba r " as the 
ant ipar t ic le of a B m e s o n - h e n c e BaBar , bet ter k n o w n in cer ta in 
c i rc les as the f r iendly e l ephan t in the s tor ies by J e a n de Brunhof f . 

S L A C research d i rector Dav id Lei th exp la ined that BaBa r is h ighly 
"non -SLACen t r i c " , wi th a s p o k e s m a n (Dav id Hitlin of Ca l tech) w h o is 
e lec ted rather t han a p p o i n t e d . " W e w e n t to schoo l at C E R N to learn 
how to m a n a g e large in ternat iona l projects," exp la ined Le i th . 

S L A C , wh ich w a s es tab l i shed to explo i t the 2 mi le l inear e lec t ron 
accelerator , is no s t ranger to ma jo r pro jects. However , the more than 
6 0 0 s t rong BaBar co l labora t ion is t he largest research g roup that 
S L A C has ever s e e n , w i th phys ic is ts f r om C a n a d a , C h i n a , F r a n c e , 
Ge rmany , Italy, Norway, Russ ia a n d the UK, as wel l as the US. 

T h e keyno te s p e a k e r w a s d i rec to r of t he U S D e p a r t m e n t of 
E n e r g y ' s Off ice of R e s e a r c h , Mar tha K rebs , w h o under l i ned the role 
of PEP- I I and BaBar in cu r ren t U S part ic le phys ics r e s e a r c h . Af ter 
the d e m i s e of the s u p e r c o n d u c t i n g superco l l i de r in 1993, a " fu ture 
v i s i o n s " p a n e l , cha i r ed by S id Drel l of S L A C , f o r e s a w a U S p ro ­
g r a m m e wi th s ign i f i can t U S par t i c ipa t ion in t he L H C co l l ider at 
C E R N . A lso inc luded w a s the S L A C B factory, initially green- l ighted in 
the s a m e w a v e of legis lat ion tha t s w a m p e d the S S C . 

Krebs wen t on to point out that no fewer than 8 of the 10 D O E labs 
in her port fol io had appo in ted n e w d i rec tors . S h e cal led for leader­
sh ip dur ing a diff icult t rans i t ion pe r iod . 

In a recent h i ccup , a U S S e n a t e s u b c o m m i t t e e expl ic i t ly r e c o m ­
m e n d e d a reduct ion in resea rch a n d d e v e l o p m e n t s p e n d i n g for the 
Nex t L inear Co l l ider ( N L C ) , a n e l e c t r o n - p o s i t r o n m a c h i n e be ing 
t o u t e d a r o u n d the Paci f ic R im to a t tack the nex t e n e r g y f ront ier . 
W h i l e phys ic is ts are g u n g - h o a b o u t t he n e e d for s u c h e l e c t r o n -
pos i t ron m a c h i n e s to exp lo re fu l ly t he i m m e d i a t e e n e r g y front ier, 
the m o v e is redolent of the ear ly 1990s d is favour in cer ta in polit ical 
quar ters that eventual ly t o r p e d o e d the S S C . "In s tay ing at the ene rgy 
frontier," sa id Krebs , " w e c a n n o t coun t on an order ly p rogress ion . " 

" T h e y are not as ready to p r o c e e d wi th the N L C as w e are," c o m ­
m e n t e d Richter, w h o s t e p p e d d o w n as S L A C di rector at the e n d of 
Augus t . He is s u c c e e d e d by J o n a t h a n Do r f an , f o rmer l y S L A C a s s o ­
c ia te d i rec tor a n d h e a d of t h e PEP- I I B f a c t o r y pro jec t . R ich te r 
b e c o m e s c h a i r m a n of the In ternat iona l Un ion of Pure a n d App l i ed 
Phys ics . Krebs paid t r ibute to Richter 's e x e m p l a r y role as a leader, 
both at S L A C and for t he commun i t y . 

T h e B a B a r ded i ca t i on f i t ted n ice ly into the p r o g r a m m e for t he 
In ternat iona l L e p t o n - P h o t o n S y m p o s i u m at S tan fo rd ( p 6 ) . • 

The dedication of the BaBar detector for 
the recently commissioned PEP-II B factory 
at SLAC, Stanford, showed the increased 
international aspect of US particle physics. 

The keynote 
speaker at the 
formal 
dedication of 
the BaBar 
experiment at 
the recently 
commissioned 
PEP-II B factory 
at SLAC, 
Stanford, on 
13 August was 
director of the 
US Department 
of Energy's 
Office of 
Research, 
Martha Krebs. 
(Diana Rogers, 
SLAC.) 

The podium at the BaBar dedication ceremony, with experiment 
spokesman David Hitlin at the microphone. At the event, 
everyone sported a BaBar baseball cap. 
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B PHYSICS 

The BaBar detector at the heart of the PEP-IIB factory at SLAC, 
Stanford. 

Physicists 
focus on 
quest for Bs 
The physics of B particles is a major new 
focus of world particle physics research. 
A session at the recent lepton-photon 
symposium provided a useful overview. 

Both S L A C in S tan fo rd a n d the J a p a n e s e K E K Labora to ry are beg in ­
n ing phys ics resea rch w i th new B fac to r ies . T h e e lec t ron -pos i t r on 
ann ih i la t ions in t h e s e col l iders are a cop ious sou rce of B par t ic les, 
so cal led b e c a u s e they conta in the fifth "beau ty " , " b o t t o m " or s imp ly 
" b " quark . T h e d e c a y s of t h e s e B par t ic les are e x p e c t e d to reveal 
new in fo rmat ion abou t C P v io la t ion - t he subt le s y m m e t r y b reak ing 
w i d e l y t h o u g h t to be r e s p o n s i b l e fo r a Big B a n g tha t w a s 
ma t te r -an t ima t te r s y m m e t r i c , wh i ch eventua l l y p r o d u c e d a v is ib le 
un iverse c o m p o s e d ent i re ly of matter. 

T h e fac tor ies - PEP- I I at S L A C a n d K E K B at K E K - use the BaBar 
and B E L L E de tec to rs respect ive ly to s tudy the decays of B par t ic les. 

Th i s new effort for B phys ics w a s an over tu re for the In ternat iona l 
L e p t o n - P h o t o n S y m p o s i u m in S tan fo rd ( p 6 ) . J o n a t h a n D o r f a n , t h e n 
S L A C d i rec to r d e s i g n a t e , d e s c r i b e d t h e PEP- I I a n d B a B a r p ro ­
g r a m m e . F u m i h i k o T a k a s a k i of K E K d e s c r i b e d K E K B a n d B E L L E . 

However , t he re are o ther B phys ics p layers. K laus H o n s c h e i d of 
O h i o S ta te c o v e r e d t he p r o g r a m m e at Corne l l ' s C E S R e l e c t r o n -
pos i t ron col l ider e q u i p p e d wi th the C L E O detector. C E S R - w h o s e 
coll ision rate has cont inual ly been boos ted - and C L E O - now under­
going its third major facelif t - have been work ing in t a n d e m for s o m e 
2 0 years a n d have m a d e p ioneer con t r ibu t ions to B phys ics . 

W a r m i n g up on the B touch l ine is the H E R A - B exper imen t at D E S Y 
us ing t he p ro ton r ing of t he H E R A col l ider. M ichae l M e d i n n i s o f 
D E S Y - Z e u t h e n ou t l i ned t he de tec to r ef for t unde r w a y en route to 
s c h e d u l e d comp le t i on next year. 

Man f red Paul ini of Berke ley s k e t c h e d the B phys ics potent ia l of 
the big C D F and DO detec tors at Fe rmi lab ' sTeva t ron p ro ton -an t ip ro -
ton col l ider, now fed by the n e w Main Injector. A lso f rom next year, 
detector upgrades and col l is ion rate improvemen ts are set to ensure 
that the Teva t ron rema ins a f ocus of B phys ics . 

Major contr ibut ions a lso c o m e f rom LEP at C E R N . Not descr ibed in 
the L e p t o n - P h o t o n S y m p o s i u m p r e s e n t a t i o n s but gear ing up for 
longer - te rm con t r ibu t ions are the L H C b expe r imen t at C E R N ' s L H C 
col l ider and the BTeV pro ject at Fermi lab . • 
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B PHYSICS 

Hands off 
T h e In ternat ional C o m m i t t e e 
for Future Acce le ra to rs ( ICFA) 
is a p la t form for the wor ld 
part ic le phys ics commun i t y , 
par t icu lar ly w h e r e inter­
nat iona l co l labora t ion on 
ma jo r m a c h i n e pro jects is 
c o n c e r n e d . In the a f te rmath of 
a recent US S e n a t e r e c o m ­
m e n d a t i o n (p21 ) to r educe 
fund ing on the Next L inear 
Col l ider ( N L C ) - an e l e c t r o n -
pos i t ron m a c h i n e to a t tack the 
next e n e r g y f ront ier - the ICFA 
i ssued the fo l lowing s t a t e m e n t 
after its mee t ing dur ing the 
In ternat ional L e p t o n - P h o t o n 
S y m p o s i u m at S tan fo rd ( p 6 ) : 

"Scient i f ic pane ls cha rged 
wi th s tudy ing fu ture d i rec t ions 
for part ic le phys ics in E u r o p e , 
J a p a n a n d the U S have c o n ­
c luded tha t there wou ld be 
compe l l i ng and un ique s c i e n ­
tific possibi l i t ies at a l inear 
e lec t ron -pos i t ron col l ider in 
t h e T e V e n e r g y range. S u c h a 
faci l i ty is a n e c e s s a r y c o m p l e ­
m e n t to the LHC had ron co l ­
lider, now under cons t ruc t ion 
at C E R N . Exper imen ta l resul ts 
over the last d e c a d e f rom the 
LEP a n d S L C e lec t ron -pos i t ron 
co l l iders, c o m b i n e d wi th t h o s e 
f rom t h e T e v a t r o n - a had ron 
c o l l i d e r - h a v e led to th is 
wo r l dw ide c o n s e n s u s . 

" T h e latest exper imen ta l 
resul ts point ever m o r e c lear ly 
to the conc lus ion that the re is 
f u n d a m e n t a l l y new phys ics in 
the e n e r g y range jus t out of 
reach of exist ing col l iders. A t 
the v e r y least we will f ind o n e 
or m o r e Higgs sca la r b o s o n s 
or o ther s t ruc ture tha t has the 
s a m e effect as a H iggs b o s o n . 
To exp lo re and charac te r i ze 

ful ly the n e w phys ics tha t mus t 
exist will requi re the L H C plus 
an e lec t ron -pos i t ron col l ider 
w i th e n e r g y in t h e T e V range. 
J u s t as our p resen t under ­
s tand ing of phys ics at the 
h ighes t e n e r g y d e p e n d s crit i­
cal ly on c o m b i n i n g resul ts 
f r o m LER the S L C a n d the 
Teva t ron , a full unde rs tand ing 
of n e w phys ics s e e n in the 
fu ture will requi re bo th t y p e s 
of h i gh -ene rgy p robes . 

"Ma jo r labora tor ies a r o u n d 
the wor ld are p resent ly c o n ­
duc t ing acce le ra to r research 
a n d d e v e l o p m e n t tha t will 
lead to deta i led des igns of a 
l inear e lec t ron col l ider c a p ­
ab le of reach ing th is e n e r g y 
r a n g e . T h e t e c h n o l o g y be ing 
d e v e l o p e d for th is p u r p o s e will 
a lso have app l i ca t ions in o ther 
a reas of s c i e n c e a n d t e c h n o l ­
o g y t h rough new genera t ions 
of in tense l ight s o u r c e s . A 
wo r l dw ide g roup is s tudy ing 
the phys ics at an e l e c t r o n -
pos i t ron col l ider and the 
de tec to rs n e e d e d to o b s e r v e 
tha t phys ics . 

" ICFA r e c o m m e n d s con t i n ­
ued v igo rous pursui t of the 
acce le ra to r research a n d 
d e v e l o p m e n t on a l inear co l ­
l ider in t h e T e V range, wi th the 
goal of hav ing des igns c o m ­
p le te , wi th the mos t re l iable 
cos t es t ima tes , in a f ew years . 
W e bel ieve tha t an e lec t ron 
col l ider op t im ized for the new 
phys ics shou ld be built in a 
t ime ly w a y wi th in ternat iona l 
par t ic ipat ion." 

ICFA is a work ing 
s u b c o m m i t t e e of the 
In ternat iona l Un ion of Pure 
a n d App l i ed Phys ics . 
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C R Y O G E N I C S 

Manufac tu r ing Line 
- Cryogenic Valves 

(Shut-off and Control Valves, 
Vacuum Jacketed and also for 
Cold Box Mounting) 

- Special Valves for any Cryogenic 
Applications 
(Check-Valves, Pilot Cryogenic 
Valves, Relief Valves etc.) 

- Bellows Sealed Valves 
(up to PN420) 

- Cryogenic Transferlines and 
Couplings 
(Johnston and Multi-Coaxial 
Couplings) 

- Space Cryogenic Components 
- Custom made Cryogenic 

Components e . g . 
Cryostats and Ejectors 

Cryogen ic O n O f f V a l v e > 
manually operated with position ' 4 

indication and limit switches, 
Y-pattern, for cold box mounting 
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CP VIOLATION 

Why does CP violation 
The seemingly obscure phenomenon of 
CP violation is increasingly being viewed 
as the key to a deeper understanding of 
both the behaviour of elementary particles 
and the Big Bang origin of the universe. 
Here, John Ellis of CERN explains how 
far and how deep the implications of CP 
violation extend. 

T h e v is ib le un i ve rse is c o m p o s e d of ma t te r par t i c les - p r o t o n s , 
n e u t r o n s a n d e lec t rons - ra ther t h a n the i r an t ima t te r pa r tne rs -
ant iprotons, ant ineut rons and pos i t rons. If the Moon were c o m p o s e d 
of ant imat ter , t hen lunar p r o b e s a n d as t ronau ts w o u l d have v a n ­
i shed in a f i rebal l of e n e r g y as s o o n as t hey t o u c h e d the lunar sur­
f ace . T h e so la r w i n d a n d c o s m i c rays do not des t roy us , imp ly ing 
tha t the S u n and the Milky Way are a lso m a d e of matter. 

If the re were any region of an t imat te r wi th in our local c lus ter of 
ga lax ies , w e wou ld be ab le to s e e radiat ion f rom ma t te r -an t ima t te r 
ann ih i la t ions at the b o u n d a r i e s . Moreover , the c o s m i c m i c r o w a v e 
backg round radiat ion s h o w s no s igns of d i s tu rbance by s u b s e q u e n t 
annih i la t ion rad ia t ion, sugges t ing tha t the re are no large reg ions of 
an t imat te r wi th in at least 10 bi l l ion l ight years - a n d p e r h a p s the 
w h o l e v is ib le un iverse . 

T h e Big Bang shou ld have c rea ted equa l a m o u n t s of mat te r a n d 
ant imat te r . W h y is t he re n o w s o m u c h of o n e a n d so little of t he 
o ther? CP v io lat ion - an o b s c u r e ef fect s e e n on ly wi th cer ta in k inds 
of e l e m e n t a r y par t ic les - cou ld p rov ide the answer . 

E n t e r C P v i o l a t i o n 
A recent article by G e r r y Bauer ("In hot pursui t of CP v io la t ion" CERN 
Courier J u n e p 2 2 ) se t t he C P v io la t i on s c e n e . In 1964 , J a m e s 
C r o n i n , Val Fi tch a n d co l l abo ra to rs d i s c o v e r e d tha t t he d e c a y s of 
neut ra l k a o n s did not r e s p e c t t h e s y m m e t r y k n o w n a s C P - t he 
comb ina t i on of par t i c le -ant ipar t i c le ( cha rge con juga t ion - C ) a n d 
mir ror (par i ty - P) s y m m e t r y . 

It had been known s ince 1957 tha t w e a k interact ions v io la te both 
the C and P symmet r i es - neut r inos sp in lef t -handedly, w h e r e a s their 
ant ipar t ic les (an t ineut r inos) exist on ly in r igh t -handed f o r m . Desp i te 
th is max ima l v io lat ion of C a n d R it had been though t that they were 
a lways v io la ted toge ther so as to respec t t he comb ina t i on C P 

However , the C ron in -F i t ch e x p e r i m e n t s h o w e d that th is cou ld not 
be exac t l y t r ue . W h a t is t he c o n n e c t i o n b e t w e e n th is a b t r u s e 
p roper ty of e l e m e n t a r y par t ic les a n d the mat ter d o m i n a n c e of the 

Exploring the untracked expanses of the cosmos and the 
microworld - eminent CERN theorist John Ellis. 

un ive rse? A poss ib le a n s w e r w a s p rov ided by Andre i S a k h a r o v in 
1967. He laid out t h ree cond i t i ons tha t w o u l d e n a b l e a un i ve rse 
conta in ing initially equa l a m o u n t s of mat ter and ant imatter to evo lve 
into a ma t t e r - dom ina ted un ive rse , wh i ch w e s e e today. 

T h e first requ i remen t w a s that the pro ton - the bedrock part ic le of 
nuc lea r ma t te r - s h o u l d be uns tab le . T h e s e c o n d w a s tha t t he re 
wou ld be in teract ions v io la t ing C a n d CR as s h o w n by Cron in a n d 
F i tch , that wou ld o p e n up the possib i l i ty tha t the un iverse 's initial 
exac t m a t t e r - a n t i m a t t e r s y m m e t r y c o u l d be upse t . T h e th i rd 
condi t ion w a s that the un iverse wou ld undergo a phase of ex t reme ly 
rapid e x p a n s i o n : o the rw ise , mat te r a n d ant imat te r par t ic les, hav ing 
equa l m a s s e s , wou ld be fa ted to pair up wi th equa l dens i t ies . 

If a cosmo log i ca l ma t te r -an t ima t te r a s y m m e t r y cou ld be built up 
in this way, all of the rema in ing ant imat ter part ic les wou ld annih i la te 
later in the h is tory of t he un ive rse , leav ing beh ind mat ter par t ic les 
and rad ia t ion , as o b s e r v e d today. 

S a k h a r o v ' s l andmark pape r p rov ided the concep tua l f r amework 
for generat ing a mat ter un iverse , but it has fal len to s u b s e q u e n t g e n ­
era t ions of phys ic is ts to exp lo re spec i f ic m e c h a n i s m s real iz ing his 
ideas, open ing up s o m e possibi l i t ies a n d exc lud ing others. Key roles 
in th is exp lora t ion are be ing p layed by recen t exper imen ta l resul ts 
f rom C E R N a n d Fermi lab , a n d new da ta f rom S L A C , KEK , Corne l l , 
D E S Y a n d Frascat i may s o o n be m a k i n g impor tan t con t r ibu t ions . 

T h e f avou red theore t ica l f r a m e w o r k for C P v io la t ion w a s p rov ided 
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matter to the universe? 

The kaon decay channel of the NA48 experiment at CERN - the latest study to provide a precision measurement of CP violation. 

in 1973 by K o b a y a s h i a n d M a s k a w a , w h o po in ted ou t tha t C P 
v io la t ion wou ld fo l low au tomat i ca l l y if the re we re at least six quark 
f lavours . M e a s u r e m e n t s in t he neu t ra l - kaon s y s t e m a n d e l sewhe re 
are all cons is ten t w i th th is be ing the on ly s o u r c e of C P v io la t ion , 
a l though they leave room for o ther sou rces , wh ich invent ive theor is ts 
cont inua l ly p ropose . 

G U T f e e l i n g 
A lso in 1973, Pati and S a l a m , a n d Georg i and G lashow, p r o p o s e d 
g r a n d un i f ied t h e o r i e s ( G U T s ) c o n t a i n i n g new in te rac t ions tha t 
a l lowed for proton decay. S u c h decay wou ld v io late the conserva t i on 
of ba ryon n u m b e r - t h e total n u m b e r of s t rongly interact ing part ic les 
m i n u s the n u m b e r of an t ipar t i c les . S o far, ded i ca ted s e a r c h e s in 
s u c h large unde rg round de tec to rs as S u p e r - K a m i o k a n d e have not 
s e e n any e v i d e n c e for th is . Howeve r , t he e v i d e n c e tha t t hey have 
f o u n d for neut r ino m a s s e s s u g g e s t s tha t in terac t ions tha t v io la te 
lep ton n u m b e r ( t he tota l n u m b e r o f w e a k l y in te rac t ing par t i c les 
m inus the n u m b e r of an t ipar t i c les) d o ex is t .Th is is ano the r key pre­
dict ion of m a n y G U T s , a n d m a y even play a role in genera t ing the 
mat te r in the un ive rse , as d i s c u s s e d later. 

In 1978, CP v io la t ion a n d G U T s w e r e c o m b i n e d by Y o s h i m u r a in a 
p roposa l for genera t ing the mat te r a s y m m e t r y of the un ive rse v ia 
the d e c a y s of mass i ve par t ic les. H is idea w a s that , if t hey p r o d u c e d 
a CP-v io la t ing e x c e s s of qua rks in the i r d e c a y s , th is w o u l d evo lve 
into the mat ter that w e s e e in t he un ive rse today. Unfor tunate ly , it 

w a s s o o n real ized tha t t he min ima l G U T s or iginal ly p r o p o s e d w o u l d 
y ie ld too smal l an e x c e s s of qua rks , s o the G U T wou ld need to be 
e x p a n d e d to p r o d u c e t h e a m o u n t of ma t te r par t ic les tha t a re 
o b s e r v e d in the un ive rse today : 10" 9 of t he n u m b e r of pho tons . 

It w a s sugges ted tha t t he extra C P v io la t ion requ i red migh t a lso 
g e n e r a t e a n e u t r o n e lec t r ic d ipo le m o m e n t large e n o u g h to be 
de tec ted . (A l though a neutra l par t ic le , t he neut ron cou ld con ta in an 
asymmet r i c distr ibut ion of equa l a n d oppos i te posit ive and negat ive 
charge . ) However , a long exper imen ta l c a m p a i g n current ly led by an 
expe r imen t at ILL G r e n o b l e l imits th is to less than 6 x 1 0 ~ 2 6 e c m , 
a n a l o g o u s to the Ear th ' s su r face be ing s m o o t h and s y m m e t r i c to 
less t han 1 urn . 

By t h e n , theor is ts had d e v e l o p e d n e w ideas . O n e idea w a s tha t 
the s t rong in teract ions migh t a lso v io la te C P T h e fact tha t th is has 
not been s e e n led to the postu la t ion of t he ax ion , wh i ch might be a 
c o m p o n e n t of the un ive rse 's dark matter . 

W e a k w a s h o u t 
T h e o the r su rp r i se w a s tha t e l e c t r o w e a k in te rac t ions c o u l d a l so 
change ba ryon n u m b e r . T h i s d o e s not h a p p e n v ia the e x c h a n g e of a 
speci f ic part ic le. Ins tead it ar ises f r om cohe ren t f ie lds wi th non- t r iv ­
ial topo log ica l p r o p e r t i e s . T h e s e non-per tu rba t i ve e lec t roweak inter­
ac t ions prov ide both a cha l lenge a n d an oppo r tun i t y .The cha l lenge 
is tha t they might " w a s h ou t " any mat te r dens i t y that is built up by 
G U T par t ic les. T h e oppor tun i t y is tha t t hey might enab le the mat te r 
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dens i t y to be built up by the e lec t roweak in teract ions a lone . 
O n e w a y to avoid the w e a k w a s h o u t is to have the G U T s genera te 

a net dens i t y of l ep tons , w h i c h t he add i t i ona l w e a k in te rac t ions 
wou ld t hen recyc le into b a r y o n s . O n e s u c h scena r i o , p r o p o s e d by 
Fukug i ta and Y a n a g i d a , rel ies on the d e c a y s of h e a v y r i gh t -handed 
neu t r i nos in the ea r l y u n i v e r s e . S o m e ind i rec t s u p p o r t for th is 
scena r i o c o m e s f rom recent expe r imen ta l hints that the k n o w n light 
neut r inos can mix (osc i l la te) a n d have m a s s e s , wh ich cou ld be due 
to mix ing wi th s u c h h e a v y neu t r inos . A t least s o m e neut r ino m o d e l s 
tha t fit the neut r ino data are a lso ab le to genera te the mat te r in the 
u n i v e r s e . A n o t h e r w e i g h t y imp l i ca t i on of t he n e w neu t r i no d a t a ? 

A s a G U T I e s s a l te rnat ive , p e r h a p s the mat te r in the un ive rse w a s 
g e n e r a t e d w h e n t he coo l i ng of t he un i ve rse t r iggered a p h a s e 
transi t ion enabl ing quarks and the W and Z carr iers of the w e a k force 
to acqu i r e the i r m a s s e s f r o m t h e H iggs b o s o n ? T h i s e l ec t r oweak 
m e c h a n i s m wou ld requi re t he p h a s e t rans i t ion f rom a hot un iverse 
with mass less part ic les to the present state with mass ive part ic les to 
have been abrupt , so as to m e e t S a k h a r o v ' s third requ i rement . 

Unfor tunate ly , the Higgs b o s o n has not yet s h o w n up at C E R N ' s 
L E P e l e c t r o n - p o s i t r o n col l ider, imp l y i ng tha t it w e i g h s m o r e t h a n 
abou t 100 G e V and tha t the e lec t roweak p h a s e t rans i t ion w a s too 
w e a k to al low the mat te r of t he un ive rse to be gene ra ted th is way. 

Howeve r , the d o o r is not ye t c l o s e d . For e x a m p l e , a s u p e r s y m -
met r ic s c e n a r i o , w i th n e w " s p a r t i c l e s " pa r tne r ing t he k n o w n 
par t i c les , m igh t p rov ide a su i t ab le a b r u p t t r ans i t i on , a n d a lso 
conta in addit ional CP-v io lat ing effects that could generate a sui table 
ma t te r dens i ty . T h e s e s u p e r s y m m e t r i c op t i ons s u g g e s t t ha t LEP, 
w h i c h is n o w ope ra t i ng at h ighe r ene rgy , m igh t p r o d u c e a H iggs 
b o s o n th is yea r or t he next . If L E P is lucky, th is cou ld a l so have 
we igh ty impl icat ions for the un ive rse . 

C P i n t h e l a b o r a t o r y 
O n e of the great at t ract ions of s u c h GUT Iess mode ls is the possibi l i ty 
tha t they cou ld be tes ted in labora to ry expe r imen ts on C P v io la t ion . 
T h i s exc i t ing p r o s p e c t has b e e n u n d e r l i n e d by t he recen t 
con f i rma t ion , by the KTeV e x p e r i m e n t at Fermi lab and by N A 4 8 at 
C E R N , of di rect CP v io la t ion - t he d e c a y of neutra l kaons into two 
p ions - first m e a s u r e d by the NA31 expe r imen t at C E R N . T h e mag ­
n i tude of the effect is surpr is ing ly large. 

A n o t h e r poss ib le obse rva t i on of C P v io la t ion has recent ly been 
repo r ted by the C D F co l l abo ra t i on at Fe rm i l ab in t he d e c a y s of 
neutra l B par t ic les, e a c h g iv ing a J / p s i and a neutra l k a o n . A large 
ef fect is expec ted in the S t a n d a r d M o d e l , and th is is the m o s t l ikely 
in terpretat ion of the C D F da ta , a l t hough a null resul t c a n n o t yet be 
exc l uded complete ly . 

C P v io lat ion in the decays of B m e s o n s is the p r imary ob jec t ive of 
t he e x p e r i m e n t s B a B a r a n d B E L L E at t he B fac to r i es , w h i c h are 
s tar t ing to take data at S L A C in S tan fo rd a n d K E K in J a p a n . The i r 
f irst task will be to s e e k con f i rma t ion of CP v io la t ion in the react ion 
p robed by C D F and to search for C P vio lat ion in the decays of neutral 
Bs into p ion pairs. 

A l s o in t he hun t wil l be H E R A - B at DESY, t he r e v a m p e d C L E O 
de tec to r at Corne l l a n d e x p e r i m e n t s at Fe rm i l ab ' sTeva t ron col l ider. 
E v e n if t h e s e expe r imen ts tu rn ou t to agree wi th the o r t h o d o x y of 
the S t a n d a r d Mode l , t he re is s c o p e for fo l low-on expe r imen ts that 

CP violation 
provides a 
uniquely subtle 
link between 
inner space , a s 
explored by 
experiments in 
the laboratory, 

migh t be sens i t i ve to sub t l e e f fec ts 
ind icat ing new phys ics that might be 
re la ted to a m e c h a n i s m for gene r ­
at ing the mat te r in the un iverse . 

O n e s u c h e x p e r i m e n t is L H C b , 
w h i c h is s c h e d u l e d to s tar t t ak ing 
da ta at C E R N ' s L H C col l ider in 2 0 0 5 . 
BTeV, a n o t h e r nex t -gene ra t i on B 
exper iment , is under cons iderat ion for 
t h e T e v a t r o n . T h e r e are p lenty of o ther 
oppor tun i t i es for fu ture e x p e r i m e n t s 
to p robe C P v io la t ion a n d cas t l ight 

and outer space , o n t h e o r i & n o f t h e m a t t e r i n t he 
pq PvnlnrpH h\/ un iverse. O n e is prov ided by rare n e u -
db CApiuieu uy t r a ) k a o n d e c a y s , for e x a m p l e , p ro -
teleSCOpeS duc ing a neutra l p ion toge ther wi th a 
m a " tf t h neu t r i no a n d an an t ineu t r i no or an 
[Measuring ine e l ec t ron -pos i t r on pa i r .The m e a s u r e -
density Of matter men ts of direct CP v io lat ion in d e c a y s 

* n t h a n " o r e i n t 0 t W 0 p i o n s l e a v e r o o m f o r l a r ^ e 

in me Universe. s u p e r s y m m e t r i c con t r ibu t ions to C P 

v io l a t i on , w h i c h cou ld cas t l ight on 
s u p e r s y m m e t r i c s c e n a r i o s for the or igin of matter. 

A n o t h e r o p p o r t u n i t y is t he c o n t i n u e d s e a r c h for t he n e u t r o n 
electr ic d ipo le m o m e n t , wh i ch might be ab le to reach the sensi t iv i ty 
requ i red to test G U T m o d e l s for the or igin of matter. 

F u t u r e v i o l a t i o n s 
In the longer t e r m , t he re are ent ic ing oppor tun i t i es to sea rch for CP 
v io lat ion in neut r ino osc i l la t ions, wh i ch cou ld explore aspec ts of the 
mode l s b a s e d on the d e c a y s of h e a v y neut r inos . S tud ies are unde r 
way on "neut r ino fac tor ies" based on the decays of m u o n s in s torage 
rings (CERN Courier J u l y p 2 2 ) . T h e s e p rov ide well de f ined neut r ino 
and ant ineutr ino b e a m s wi th both e lect ron and m u o n f lavours, wh ich 
prov ide oppor tun i t i es to s e a r c h for CP-v io la t ing ef fects in the osc i l ­
lat ions of neu t r inos a n d an t ineu t r inos . Look ing fur ther a h e a d , if the 
p rob lems of contro l l ing t he m u o n b e a m s can be s o l v e d , m u o n co l ­
l iders cou ld s tudy H iggs b o s o n s in unpara l le led detai l . 

S u p e r s y m m e t r i c m o d e l s c a p a b l e of genera t ing mat ter in the un i ­
v e r s e ra ise t he poss ib i l i ty tha t t he d e c a y s of H iggs b o s o n s migh t 
reveal novel v io la t ions of CP s y m m e t r y . 

CP v io la t ion p rov ides a un ique ly sub t le link be tween inner s p a c e , 
as exp lo red by e x p e r i m e n t s in the laboratory , and outer s p a c e , as 
exp lo red by t e l e s c o p e s m e a s u r i n g t he dens i t y of ma t te r in t he 
un iverse . 

I a m s u r e tha t th is d i a l o g u e b e t w e e n theo ry , e x p e r i m e n t a n d 
cosmo logy will cu lmina te in a t heo ry of the origin of the matter in the 
un iverse , b a s e d on the fa r - reach ing ideas p roposed by S a k h a r o v in 
1967.Th is w o u l d be an a c h i e v e m e n t c o m p a r a b l e in s ign i f i cance to 
the emerg ing t h e o r y of t he fo rma t i on of s t ruc ture in the un ive rse , 
based on inflat ion a n d dark matter. M ic rophys ics and mac rophys i cs 
are now y o k e d toge ther , pu l l ing sc ient i f i c exp lo re rs a c r o s s t h e 
un t racked e x p a n s e s of the c o s m o s . 

J o h n E l l i s CERN. 
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NOVEMBER 29-
DECEMBER 3 
B O S T O N 
M A S S A C H U S E T T S 

HYNES CONVENTION 
CENTER 
and 
BOSTON MARRIOTT 
COPLEY PLACE 

E x h i b i t : 
N o v e m b e r 30-
D e c e m b e r 2 

The MRS I999 Fall Meeting will serve as a key forum for discussion of interdisciplinary 
leading-edge materials research from around the world. 

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

1 9 9 9 M R S F A L L M E E T I N G S Y M P O S I A 

A: Multiscale Phenomena in Materials—Experiments 
and Modeling 

B: Computational Approaches to Predicting the Optical 
Properties of Materials 

C: Microstructural Modeling for Industrial 
Metals Processing 

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

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

Spontaneous Ordering, Composition Modulation, and 
3-D Islanding 

J : Advanced Materials and Techniques for 
Nanolithography 

K: Thermal Spray—Materials Synthesis by Thermal 
Spraying 

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

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

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

Semiconductors 
Q: Advances in Materials Problem Solving with the 

Electron Microscope 
R: Applications of Synchrotron Radiation Techniques to 

Materials Science 
S: Nondestructive Methods for Materials 

Characterization 

Structure and Electronic Properties of U 
Dielectric Films on Silicon and Related Structures 
Amorphous and Nanostructured Carbon 
Thin Films—Stresses and Mechanical Properties VIII 
GaN and Related Alloys 
Frontiers of Materials Research 
Ferroelectric Thin Films VIII 
Thin Films for Optical Waveguide Devices 
Materiols Science of Food— 
Processing-Structure-Property Relationships 
Electrical, Optical, and Magnetic Properties of Organic 
Solid-State Materials V 
Complex Fluids and Polymers 
Mineralization in Natural and Synthetic Biomaterials 
Materials Science of Phospholipid Assemblies 
Electroactive Polymers 
Transport Properties and Microstructure of 
Cement-Based Systems 
Superplasticity—Current Status and Future Potential 
Superconducting Materials—Properties, Crystal 
Chemistry, and Processing 
Magnetoresistive Oxides and Related Materials 
Materials Issues for Tunable RF and Microwave 
Devices 
Smart Materials 
Materials Science of Microelectromechanical System 
(MEMS) Devices II 
Chemical Processing of Dielectrics, Insulators, and 
Electronic Ceramics 
Infrared Applications of Semiconductors III 
Materials for Optical Limiting III 
Scientific Basis for Nuclear Waste Management XXIII 
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visual aide) position. 
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A Job Center for MRS members and meeting attendees 
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Looking at 
cosmic 
rays with 
accelerator 
detectors 
Large detectors constructed at accelerator 
labs can also be used in parallel for cosmic-
ray studies. Effects measured in distant 
detectors could be correlated to provide a 
broader view of particles from the cosmos. 

W h e n C E R N c a m e into be ing in the ear ly 1950s, a s e a c h a n g e w a s 
tak ing p lace in part icle phys ics resea rch . Until t h e n , cosmic rays had 
prov ided mos t of the basic part ic le phys ics d iscover ies . Acce le ra to rs 
m a d e thei r f irst cont r ibu t ions at Berke ley in 1949, wi th the Ch i cago 
a n d C a r n e g i e s y n c h r o c y c l o t r o n s no t far b e h i n d . In 1953 , t h e 
C o s m o t r o n , so n a m e d b e c a u s e it w a s the first acce le ra to r to at ta in 
cosm ic - ray energ ies , began opera t i on at B rookhaven and p rov ided 
phys ic is ts wi th the first l a b o r a t o r y - m a d e s t range par t ic les. 

A t t he Bagne res c o n f e r e n c e in 1953 , lead ing cosm ic - ray phys i ­
cist Ceci l Powel l , w h o had been a w a r d e d the 1950 Nobe l Prize for 
his 1947 d i scove ry of the p ion , s a i d : " W e have been i nvaded . T h e 
acce le ra to rs are here." 

A l t h o u g h m a n y of C E R N ' s f i r s t -genera t i on phys ic is ts cu t the i r 
resea rch tee th on c o s m i c rays, for m o r e t han 40 yea rs C E R N w e n t 
a b o u t bui ld ing and explo i t ing its large acce le ra to rs , a n d cosm ic - ray 
phys ics took a back seat . 

W i th c o s m i c rays repor t ing par t ic les b e y o n d 1 0 2 0 e V - t h o u s a n d s 
of t imes as high as the h ighest l abo ra to ry energ ies now avai lab le -

COSMIC RAYS 

Simulation of the atmospheric showers produced by a 100 TeV 
cosmic iron nucleus (right), a proton (centre) and a gamma ray 
(left). Red denotes electromagnetic particles above 10 GeV, 
green denotes muons above 10 GeV and black denotes 
hadrons above 10 GeV. 

par t ic le phys ic is ts a re red i scove r i ng t he a t t rac t ions of na tu ra l 
sou rces of h igh-energy part ic les. Whi le t hese natural sources provide 
energ ies far beyond t h o s e tha t will be o p e n e d up by the next gener ­
at ion of part ic le co l l iders , the even t ra tes are puny in c o m p a r i s o n . 

C o s m i c - r a y r e v i v a l 
T h e r e are two p r imary mot i va t ions for th is cosmic - ray rev ival . First, 
d ramat ic resul ts f rom the S u p e r - K a m i o k a n d e unde rg round exper i ­
men t in J a p a n , s tudy ing neut r inos p roduced by cosmic - ray col l is ions 
in the a t m o s p h e r e , s t rong ly sugges t tha t t he di f ferent k inds of n e u ­
tr inos t rans fo rm into each o t h e r - or "osc i l la te " .To exploit t hese n e u ­
t r ino poss ib i l i t ies fu l ly requ i res a c c u r a t e k n o w l e d g e of t h e 
cosm ic - ray m u o n s p e c t r u m . W i t h ex is t ing da ta s a m p l e s mu tua l l y 
d isagree ing by 2 0 - 3 0 % , m o r e accu ra te da ta are cal led for. 

S e c o n d , d i rect m e a s u r e m e n t s of p r ima ry c o s m i c rays of energ ies 
of greater than 1 0 1 4 e V (100 T e V ) are impract ica l . For examp le , above 
1 0 1 6 e V the re is on ly o n e par t ic le per s q u a r e met re per s te rad ian 
per year . Howeve r , t he p r i m a r y c o s m i c - e n e r g y s p e c t r u m e x t e n d s 
beyond 1 0 2 0 e V a n d the re is great in terest in t he compos i t i on , t he 
ene rgy s p e c t r u m a n d the interact ion of the p r imary cosmic rays wi th 
nuclei in the uppe r a t m o s p h e r e . K n o w l e d g e of the cosmic -par t i c le 
compos i t ion a b o v e the " k n e e " (a few t imes 1 0 1 5 e V ) cou ld s h e d light 
on how par t ic les are acce le ra ted to s u c h h igh energ ies . 
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From g round -based obse rva t i ons of dif- J\]q C0SITliC-r9y 
fe rent par t ic les ( in ex tens ive air s h o w e r s ) 
and f rom s tud ies of a tmosphe r i c scint i l la- CO HI ITIU PI Ity 
t ion a n d C h e r e n k o v light, t he c o s m i c - r a y \]q§ Ie3med 3 
c o m m u n i t y has l ea rned a lot, bu t m a n y . , 
mys te r ies and uncer ta in t ies r e m a i n . E v e n 'Ct, DUt m a n y 
with good da ta , it is diff icult to d e t e r m i n e UiyStGNOS 8 fid 
s imu l t aneous l y a un ique p r ima ry c o m p o - . . 
s i t ion and interact ion m o d e l . Uncer ta in t ies 

Data co l l ec ted by large d e t e c t o r s at f0main 
acce le ra to r laborator ies w o u l d be a v a l u ­
ab le cont r ibu t ion . W i th a relat ively m o d e s t inves tment , t h e s e de tec ­
tors c a n be exp lo i ted for c o s m i c - r a y phys ics in paral le l w i t h , a n d 
wi th no loss in ef f ic iency for, t he p r ima ry m iss ion . 

At C E R N ' s LEP col l ider, a s u b g r o u p of t he L3 co l labora t ion has 
f o r m e d the L 3 + C o s m i c s g roup , us ing new e lec t ron ics to enab le the 
m u o n spec t r ome te r drift c h a m b e r s to be read out i ndependen t l y of 
LEP data co l lec t ion. A b lanket of abou t 2 0 0 s q . m of scint i l lator has 
been instal led over the top th ree oc tan ts of the m a g n e t to prov ide a 
re fe rence t ime s ignal for c o s m i c - r a y da ta co l lec t ion. U n d e r 3 0 m of 
rock, the cosmic - ray m u o n th resho ld for L3 is abou t 15 GeV. 

E lsewhere in the LEP r ing, m e m b e r s of the A L E P H co l labora t ion 
are runn ing a pilot C o s m o A L E P H expe r imen t to look for co inc iden t 
m u o n s over long d i s t a n c e s . T h i s g roup has e x a m i n e d , toge ther wi th 
the new ly es tab l i shed C o s m o L E P g r o u p , the cosm ic - ray da ta co l ­
lected dur ing the A L E P H runs . 

Data arch ives have revealed a substant ia l col lect ion of cosmic- ray 
m u o n events . A l t hough the de tec to r is live for on ly 10% of the t ime 
for cosmic- ray part ic les, this never the less adds up over severa l years 
to more t han a mil l ion s e c o n d s ( a b o u t 12 d a y s ) . 

M u o n mult ip l ic i t ies, etc, have b e e n a n a l y s e d us ing soph is t i ca ted 
cosm ic - ray s imu la t ion p r o g r a m s d e v e l o p e d by the Kar l s ruhe g roup . 
In t r igu ing even t s , p r o d u c i n g u n p r e c e d e n t e d n u m b e r s of m u o n s , 
have spa rked a p roposa l to s t udy t h e s e p h e n o m e n a in m o r e deta i l . 

T o p i c a l w o r k s h o p 
A top ica l w o r k s h o p in S o d a n k y l a , abou t 100 km nor th of t he Arct ic 
Circle in F in land , on 2 4 - 2 9 Apr i l a n d o rgan ized by Kars ten Egger t of 
C E R N , h ighl ighted the resu rgence of in terest in cosm ic - ray m u o n s . 

T h e Ka r l s ruhe g roup wi th its K A S C A D E de tec to r a r ray has , per­
h a p s , t he m o s t c o m p r e h e n s i v e d a t a s o far on g round - l eve l air 
s h o w e r s , wh ich can be in terpre ted in t e r m s of the p r ima ry cosm ic -
ray s p e c t r u m and its c o m p o s i t i o n . 

CTay lo r (Case Wes te rn R e s e r v e ) and R Engel (Bar to l ) looked at the 
p r imary cosmic - ray nuc lear in terac t ion, not ing the uncer ta in ty in the 
f inal s tate particle product ion at v e r y smal l fo rward ang les that d o m ­
inates cosmic - ray m u o n p roduc t i on . 

Even t hough Fe rm i l ab ' sTeva t ron Col l ider e n e r g y c o r r e s p o n d s to a 
c o s m i c ray, of abou t 2 x 1 0 1 5 eV, in teract ing wi th an air nuc leon at 
rest , t he re are a l m o s t no d a t a o n f o r w a r d par t ic le p r o d u c t i o n at 
e n e r g i e s a b o v e t he o lde r f i xed - ta rge t e x p e r i m e n t s at a f ew h u n ­
d red giga e lec t ron-vo l ts . 

A L E P H and L3 s u r v e y e d the i r respec t i ve cosm ic - ray m u o n obser ­
va t ions . H Wi l kens ( N i j m e g e n ) gave an upda te on the add i t ions to 
t he L3 de tec to r a n d e l ec t r on i cs a n d t he m u o n p r o g r a m m e in 

progress. S T o n w a r (Tata Inst i tute) desc r ibed the p lanned addi t ion of 
a su r face air s h o w e r ar ray a b o v e L3 , wh i ch will enab le the obse r ­
va t ion of energe t i c m u o n s t oge the r w i th t he re la ted air shower . J 
S t r om ( A r c a d a ) , A Bruh l ( S i e g e n ) a n d M Schme l l i ng ( M a x - P l a n c k 
Inst i tute) p resen ted the cur ren t s ta tus of the A L E P H cosmic - ray p ro ­
g r a m m e . More t h a n 3 0 0 0 0 0 cosm ic - ray m u o n even ts have b e e n 
a n a l y s e d , and good a g r e e m e n t wi th the K A S C A D E Monte Car lo s i m ­
ulat ions ob ta ined for mu l t imuon even ts o b s e r v e d in the 16 s q . m 
t ime-pro ject ion c h a m b e r for mult ipl ici t ies (total n u m b e r of p roduced 
par t i c les ) b e t w e e n 2 a n d 40 . Howeve r , t he re are f ive even ts w i th 
u n e x p e c t e d l y large mul t ip l ic i t ies: up to 150 ( in s o m e c a s e s w i th 
addi t iona l m u o n s o b s e r v e d in the had ron ca lo r imete r ) . 

O the r A L E P H s tud ies look at the " d e c o h e r e n c e " c u r v e - the co in ­
c i d e n c e rate b e t w e e n t w o m u o n d e t e c t o r s as a func t i on of the i r 
sepa ra t i on , ex tend ing beyond 1 k m . 

Hors t W a c h s m u t h ( C E R N ) p r o p o s e d look ing for m u o n co inc i ­
d e n c e s be tween the four LEP de tec to rs , a p h e n o m e n o n that shou ld 
not o c c u r for any " o r d i n a r y " c o s m i c - r a y in terac t ion in the Ea r th ' s 
uppe r a t m o s p h e r e . S u c h a c o i n c i d e n c e , sugges ted by s o m e ear l ier 
cosmic - ray expe r imen t s , wou ld cer ta in ly requi re exp lana t ion . 

O the r ma jo r part ic le phys ics de tec to r g roups are a lso in te res ted . 
A De Roeck ( D E S Y ) d i s c u s s e d the potent ia l i nvo lvement of the big 
H I a n d Z E U S de tec to rs at D E S Y ' s H E R A e lec t ron -p ro ton col l ider for 
s tud ies of co inc iden t cosm ic - ray m u o n s . W i th t hese de tec to rs on ly 
3 m be low g round they cou ld s tudy cosmic - ray m u o n s d o w n to ener ­
gies of 2 or 3 GeV, wh ich is of great interest to the a tmospher i c m u o n 
neut r ino g roups . 

It is a lso poss ib le , us ing satel l i te ( G P S ) t ime record ing , to look 
for t ime cor re la t ions be tween cosmic - ray m u o n s at D E S Y and C E R N . 

F u t u r e s t u d y 
M Val l inkosk i ( O u l u ) d e s c r i b e d a poss ib l e new c o s m i c - r a y m u o n 
e x p e r i m e n t in a m i n e in P h y h a s a l m i , F i n l a n d . T h e C e n t r e for 
U n d e r g r o u n d Phys ics in Phyhasa lm i ( C U P P ) wou ld dep loy a s e v e n -
detector array at severa l ver t ical ly a l igned dep ths to s tudy the mul t i ­
plicity, lateral d is t r ibu t ion a n d e n e r g y s p e c t r u m of c o s m i c - r a y 
m u o n s . 

It w a s no ted tha t ma jo r de tec to rs cou ld a lso be sens i t ive to point 
s o u r c e s of cosm ic - ray m u o n s a n d , us ing the M o o n as a c h e a p a n d 
eff ic ient abso rbe r a n d the Ear th 's magne t i c f ield as a spec t romete r , 
might se t a limit on the relat ive f lux of h i gh -ene rgy p r imary an t imat ­
ter nuc le i . 

T h e C h i n e s e IHEP g roup is par t icu lar ly in terested in seek ing ev i ­
d e n c e for poss ib le cosm ic - ray assoc ia ted weak ly interact ing m a s ­
s ive par t ic les ( W I M P S ) in L3 . 

Workshop organizer Karsten Eggert d i scussed other areas of future 
s tudy, i nc lud ing w o r k i n g w i th larger a n d u p g r a d e d de tec to r s . A s 
no ted by L a w r e n c e J o n e s ( M i c h i g a n ) in his o p e n i n g d i s c u s s i o n , 
m u o n s tud ies wi th LEP de tec to rs con ta in both e l emen ts of an ideal 
exper imen ta l p r o g r a m m e : pract ical a n d usefu l resul ts, s u c h as the 
abso lu te inc lus ive m u o n s p e c t r u m , whi le at the s a m e t ime the re is 
sensi t iv i ty to new and potent ia l ly exci t ing d iscover ies , s u c h as unex­
pec ted m u o n mult ip l ic i t ies, cosm ic - ray point sou rces , W I M P d iscov ­
er ies and stat ist ical ly s igni f icant co inc idences . Paolo Liperi of R o m e 
s u m m a r i z e d the a t t rac t ions of the p r o p o s e d new p r o g r a m m e . • 
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ALEPH 
experiments 
go cosmic 
Designed to study man-made electron-
positron collisions in CERN's LEP ring, the 
ALEPH detector is also ideal for observing 
complicated natural cosmic-ray events. 

Manifold muons: one of the intriguing cosmic events seen in 
the ALEPH detector. 

H i g h - e n e r g y p r imary cosm ic - ray par t ic les c rash ing into the a t m o s ­
p h e r e 2 0 k m a b o v e ou r h e a d s in i t iate large air s h o w e r s w i th 
h a d r o n s , e lec t rons , m u o n s a n d neu t r i nos . By the t ime they reach 
A L E P H , 125 m u n d e r g r o u n d , all of t h e s e par t i c les are a b s o r b e d 
excep t for neut r inos a n d m u o n s a b o v e 70 GeV. 

A L E P H p rov i des h igh reso lu t ion After analysing 
t rack ing in its centra l T i m e Pro ject ion 
C h a m b e r ( T P C ) in a so leno ida l m a g ­
netic f ield and the large had ron calor­
imeter su r round ing the T P C p rov ides 
fu r the r i n fo rma t ion a b o u t c o s m i c 
m u o n s . 

cosmic muon 
events, five were 
found with the 
highest muon Precis ion s tudy of t h e s e m u o n s , in 

part icular of m u o n bund les , g ives vital OenSlty ever Seen, 
in format ion abou t the p r imary cosmic 
rays and the w a y in wh i ch s h o w e r par t ic les are p roduced in the v e r y 
fo rward ( d o w n w a r d ) d i rec t ion . T h e p r ima ry c o s m i c part ic le c o m p ­
osi t ion a r o u n d the " k n e e " of t he e n e r g y s p e c t r u m ( 4 x 1 0 1 5 e V ) is 
f u n d a m e n t a l inpu t for u n d e r s t a n d i n g t h e c o s m i c acce le ra t i on 
m e c h a n i s m that p u s h e s par t ic les to t h e s e energ ies . 

After ana lys ing cosmic m u o n events cap tu red by A L E P H in paral lel 
wi th LEP da ta - tak ing a n d du r ing a spec ia l o n e - w e e k c o s m i c r u n , 
f ive even t s w e r e f o u n d w i th t he h ighes t m u o n dens i t y eve r s e e n . 
S o m e 100 m u o n s hit t he sens i t i ve a rea (16 m 2 ) of the A L E P H T P C . 
T h e mos t c r o w d e d even t s h o w e d a b o u t 160 m u o n s in hal f of t he 
T P C , the o ther half suf fer ing da ta overf low. 

Ex tens i ve s i m u l a t i o n s us ing the C o r s i k a p r o g r a m , w h i c h w a s 
d e v e l o p e d by t he K a r l s r u h e g r o u p , r e p r o d u c e the lower m u o n 
mul t ip l ic i t ies , a s s u m i n g a p r i m a r y c o s m i c par t ic le c o m p o s i t i o n 
rang ing f r o m p ro tons up to nuc le i like i ron . However , t he f ive 
spec tacu la r even ts are an o rder of m a g n i t u d e a b o v e the s imu la t ion 
p red ic t i on .They cou ld c o m e f rom ei ther unusua l l y large air showers , 
a b o v e 1 0 1 7 e V , or f l uc tua t i ons f r o m l o w e r - e n e r g y s h o w e r s , w h i c h 
cou ld hint at new m e c h a n i s m s for f o rward part ic le p roduc t ion . 

C h a r g e a n d m o m e n t u m d e t e r m i n a t i o n of t he m u o n s in t h e s e 
even ts , as well as the s tudy of their s t ruc tu re over larger a reas , may 
s h e d light on thei r or ig in . A spec ia l c o s m i c run of A L E P H us ing the 
t rack ing hadron ca lor imeter ex tended m u o n m e a s u r e m e n t s to cover 
50 m 2 . T h e largest e v e n t f r o m th is run p r o d u c e d m o r e t h a n 
100 m u o n s . 

H i g h - m u l t i p l i c i t y e v e n t s 
To s tudy t h e s e in t r igu ing e v e n t s t he C o s m o L E P g roup p r o p o s e s 
p lac ing a 2 0 0 m 2 a r ray of drift c h a m b e r s bes ide t he A L E P H 
exper iment . W i th th is large array, the rate of high mult ipl ic i ty even ts 
w o u l d be i n c r e a s e d by a fac to r of m o r e t h a n a h u n d r e d a n d t he 
m u o n pat terns wou ld give a w i n d o w on the e n e r g y and compos i t i on 
of the p r imary cosm ic par t i c les .The larger s a m p l e s could a lso reveal 
point s o u r c e s of c o s m i c par t ic les in the d e p t h s of the un iverse . 

T h e underground m u o n showers that have been seen so far ex tend 
over, at mos t , a few h u n d r e d m e t r e s . T h e C o s m o A L E P H effort covers 
t he bar re l of A L E P H ' s cen t ra l h a d r o n ca l o r ime te r t oge the r w i th 
severa l sc int i l la tor c o u n t e r s ta t i ons insta l led a r o u n d the L E P r ing 
nea r A L E P H , w h i c h a re up to a b o u t 1 k m d is tant . T h i s pi lot 
e x p e r i m e n t s a w c o i n c i d e n t m u o n s in c o u n t e r s tha t w e r e seve ra l 
hund red met res apar t a n d t r iggered an idea for a still w ide r m u o n 
s e a r c h . 

T h e fou r L E P e x p e r i m e n t s , equa l l y s p a c e d a r o u n d t he 27 km 
tunne l , cou ld look for m u o n cor re la t ions over m u c h larger d is tances . 
T h e s a m e a p p r o a c h is be ing fo l lowed at t he H I and Z E U S de tec to rs 
at the H E R A col l ider at D E S Y in H a m b u r g , wh i ch are app rox ima te l y 
2 km apar t . • 
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Also under way at CERN is the L3 experiment at LER which has installed a 200 sq. m screen 
of scintillator to intercept comic rays arriving from the atmosphere. 

At CERN's LEP collider the L3 experiment has installed a blanket of about 200 sq. m of scintillator over the top of the magnet to 
provide a reference time signal for cosmic-ray data collection. 

L 3 + C , an o f f shoo t of t h e L3 e x p e r i m e n t at C E R N ' s L E P 
e lec t ron -pos i t r on col l ider, has b e e n a " r e c o g n i z e d " e x p e r i m e n t at 
C E R N s ince Apri l 1998. It t akes advan tage of the un ique proper t ies 
of the big L3 m u o n spec t rome te r ( low ene rgy th resho ld c o m p a r e d to 
o ther unde rg round de tec to rs a n d unr iva l led m o m e n t u m resolut ion 
ove r a w i d e m o m e n t u m r a n g e ) fo r a c c u r a t e m e a s u r e m e n t s of 
cosm ic - ray m u o n s penet ra t ing 3 0 m u n d e r g r o u n d . 

A new m u o n tr igger, r eadou t a n d da ta acqu is i t ion s y s t e m have 
been ins ta l led , as wel l as a 2 0 4 s q . m scint i l lator matr ix cove r ing 
the L3 m a g n e t to t ime the p a s s a g e of par t ic les. Data are co l lec ted 
independent ly , in paral le l wi th L3 runn ing at LER 

N e w resul ts for a var ie ty of f u n d a m e n t a l top ics in c o s m i c rays , 
a s t r o p h y s i c s a n d par t ic le phys i cs a re e x p e c t e d . T h e c o s m i c - r a y 
m u o n m o m e n t u m s p e c t r u m , zeni th angu la r d e p e n d e n c e and charge 
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rat io a re be ing m e a s u r e d to 1% b e t w e e n 10 
a n d 2 0 0 0 GeV, t hanks to L3 's m u o n drift c h a m ­
bers and large magne t i c v o l u m e . 

T h e resu l ts wil l p rov ide n e w i n fo rma t i on on 
the p r imary compos i t i on of c o s m i c rays, s h o w e r 
d e v e l o p m e n t in the a t m o s p h e r e , a n d p ion a n d 
kaon levels at high e n e r g i e s . T h e s e data will a lso 
he lp us to u n d e r s t a n d the " a t m o s p h e r i c n e u ­
t r ino puzz le " , w h e r e an a n o m a l o u s m u o n n e u ­
t r ino s igna l s e e n by u n d e r g r o u n d neu t r i no 
de tec to rs is hera lded as an ind icat ion of n e u ­
t r ino osc i l la t ions . In par t icu lar , t h e p rec i s ion 
m e a s u r e m e n t s wil l a l low a p red ic t ion of t he a b s o l u t e n u m b e r of 
u p w a r d - m o v i n g , t h rough -go ing m u o n s a b o v e 10 G e V o b s e r v e d by 
S u p e r - K a m i o k a n d e a n d M A C R O u n d e r g r o u n d . 

L 3 + C s ta r ted ga the r ing d a t a in 1998. T h e n in ea r l y 1999 it 
i nc reased its a c c e p t a n c e cons iderab ly , ach iev ing an even t rate of 
5 5 0 Hz . In add i t ion to p rov id ing m o r e re l iab le d a t a , th is e x t e n d s 
both the m o m e n t u m m e a s u r e m e n t a n d the angu la r range. 

T h e detector cou ld reveal bursts of point sou rce s ignals , and e v e n ­
tua l ly g a m m a - r a y burs ts , a n d a n a l y s e the i r assoc ia ted m u o n s . T h e 
a b s e n c e of high energy , u p w a r d - m o v i n g m u o n s ( a b o v e a few h u n ­
d red giga e lec t ron-vo l ts ) will a l low a limit to be se t on the neut r ino 
f lux f rom act ive galact ic nuc le i . S tud ies of the p r imary compos i t i on 
of c o s m i c rays in the " k n e e " reg ion ( n e a r 1 0 1 5 e V ) will be b o o s t e d in 
a u n i q u e w a y by reco rd ing m u o n " f am i l i es " a n d m e a s u r i n g all of 

the i r m o m e n t a . W i t h exot ic even ts reco rded by 
m a n y di f ferent expe r imen ts , part ic le m o m e n t u m 
s p e c t r a s h o u l d revea l c l u e s to the p r o c e s s e s 
invo lved . 

T h e de tec to r will a lso in tercept s o m e u p w a r d 
m u o n s ( d u e to par t ic les tha t have t raversed the 
E a r t h ) . T i m e var ia t ions cou ld reveal me teo ro log ­
ical or s iderea l e f fects . Cor re la t ions wi th even ts 
s e e n by o ther de tec to rs are a lso a m o n g L3+C 's 
expe r imen ta l ob jec t i ves . 

O b s e r v i n g the M o o n ' s m u o n s h a d o w may g ive 
a f lux l imit of p r i m a r y an t ip ro tons near I T e V -

the Ea r th ' s m a g n e t i c f ie ld ac t ing as a c o n v e n i e n t m o m e n t u m 
ana l yse r a n d the M o o n as an a b s o r b e r of c o s m i c part ic les. 

I n d e p e n d e n t a p p a r a t u s 
T h e co l labora t ion is p repar ing to instal l 50 scint i l lators be low the 
roof of the L3 a c c e s s hall ( a b o v e g r o u n d ) . Th i s air s h o w e r array will 
he lp to es t ima te t he p r ima ry e n e r g y of s o m e s h o w e r s assoc ia ted 
with the m u o n s m e a s u r e d u n d e r n e a t h . T h i s appara tus is comp le te l y 
i n d e p e n d e n t a n d runs by itself. Even t s are cor re la ted v ia the G P S 
satel l i te c lock a n d a s igna l in the da ta acqu is i t ion s y s t e m . 

T h e L 3 + C e x p e r i m e n t a l r eady h a s co l l ec ted s o m e 9 0 0 mi l l ion 
even ts a n d is e x p e c t e d to run up to the e n d of the LEP opera t ion 
per iod nex t year . T h e f i rst da ta w e r e p r e s e n t e d at A u g u s t ' s 
In ternat ional C o s m i c - R a y C o n f e r e n c e in Sal t Lake City. • 

e V / c + 1 8 % * -

G e V / c ± 3 . 8 % -

28.8 G e V / c + 2 0 . % 

— 4 . 5 G e V / c ± 7 . 3 % 

L3+C picture of a family of four 
muons. 

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. 

High performance 
plastic scintillators 

C u s t o m a s s e m b l i e s , 
s p e c i a l f o r m u l a t i o n s 

C a s t s h e e t s u p t o 
5 m e t e r s l o n g 

Plastic scintillating 
fibers 

S q u a r e a n d r o u n d 
c r o s s - s e c t i o n s , 
2 5 0 u m t o 5 m m 

Bicron 
In U S A : Phone : +1 440-564-2251 • Fax +1 440-564-8047 

In Europe: Phone: 31 (35) 60 29 700 • Fax: 31 (35) 60 29 214 
In J a p a n : Phone : 81 (45) 474 5786 • Fax: 81 (45) 474 5787 

Explore our w e b site: http://www.bicron.com 

smatec 
Salnt-Gobain Company 

ISO 9001 Certified 

SAINT-GOBAIN 
INDUSTRIAL CERAMICS 

High performance 
scintillation crystals 

N a l ( T I ) , C s l ( T I ) , 
P u r e C s l , C s l ( N a ) , 

B G O , Y A P : C e . . . 

Scintillation detectors 
S t a n d a r d a n d c u s t o m 
d e s i g n s f o r m e d i c a l , 

p h y s i c s , i n d u s t r y , 
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 

Crismatec 
104, Route de Larchant - 77140 Saint-Pierre les Nemours , France 

Phone: 33 (1) 64-45-10-10 • Fax: 33 (1) 64-45-10-01 
e-mail: customer se rv i ce @crismatec.saint-gobain.com 

Explore our w e b site: http:/ /www.crismatec.com 
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BOOKSHELF/NEW PRODUCTS 

BOOKSHELF 
H i g h F ie ld S u p e r c o n d u c t i n g M a g n e t s by 
Fred M Asner, Oxford University Press, 
ISBN 0 1 9 851764 5 (£55 ) . 

Fred Asner t races the d iscovery and under­
standing of superconduct ivi ty. Th is includes 
the deve lopment and manufacture of sem i ­
conduct ing materials, the cool ing of 
superconduct ing magnets and their control . 
Asner looks at beam dynamics and winding 
conf igurat ions specif ic to accelerator magnets 
and d iscusses their design principles using 
examples from recent major projects. All of 
these magnets have to work under extreme 
condit ions. It is s t ressed that the design crite­
ria are not to be taken lightly. One chapter is 
dedicated to particle physics detectors and 
superconduct ing magnets for medical appl i ­
cat ions. Both are major growth areas. 

P u l s a r s a s A s t r o p h y s i c a l L a b o r a t o r i e s f o r 
N u c l e a r a n d P a r t i c l e P h y s i c s by Fridolin 
Weber, Institute of Physics Publ ishing ISBN 
0 7503 03328 (hbk £ 9 9 / $ 180 ,682 pages) . 

Pulsars were discovered by J Bell and 
A Hewish in 1967 and were identif ied as 
rapidly rotating neutron s ta rs .The physics of 
neutron stars - of which there are est imated 
to be about one billion in the Milky Way alone 
- is covered, along with Strange quark matter 
- when addit ional quarks come into play 
beyond the " u p " and " d o w n " variet ies const i ­
tuting normal nuclear matter .This physics is 
also receiving a terrestrial boost with the start 
of the programme at Brookhaven's RHIC. 

T h e S y m b o l i c U n i v e r s e : G e o m e t r y a n d 
P h y s i c s 1 8 9 0 - 1 9 3 0 edited by J e r e m y 
J Gray, Oxford University Press ISBN 0 19 
850088 2. 

At the Second International Congress of 
Mathemat ic ians, held in Paris in 1900, David 
Hilbert presented a list of 23 outstanding 
problems in mathemat ics that, in his opin ion, 
needed to be add ressed .The sixth congress 
prophetical ly called for a greater interplay 
between geometry and physics. 

The bridge from 19th to 20 th-century 
physics has character ized new physics 
insights. Relativity, with its mul t id imensional 
spaces , ushered in new deve lopments . S o m e 
of the greatest minds in physics and mathe­
matics focused on these new goa ls .Th is is a 
fascinat ing collection of papers presented at 
a 1996 conference at the UK Open University. 

D u a l i t y a n d S u p e r s y m m e t r i c T h e o r i e s 
edited by D I Olive and P C West, Cambr idge 
University Press ISBN 0 521 641158 6 (hbk 
£ 4 5 / $ 6 9 . 9 5 ) . 

A collection of lectures given in a s ix-month 
programme at the Newton Institute in 
Cambr idge, with an introduction and guide by 
the ed i tors .The contributors are M K Gai l lard, 
B Zumino , J G a u n t l e t t J Eguchi , G W Gibbons, 
A S e n , C Bachas, D I Olive and P C West. 

C P V i o l a t i o n by G Castelo Branco, L Lavoura 
and J P Si lva, Oxford University Press, 
International Ser ies of Monographs on Physics 
ISBN 0 19 850399 7 (£60) . 

A complete theoretical and p h e n o m e n -
ological s tudy of CP violation and the CKM 
matrix, including the implications for heavy 
quarks .Th is is a good reference for physicists 
at B factor ies, but little ment ion is made of the 
eno rmous efforts that are going into 
measur ing the phenomenon of CP violat ion. 

F O R T R A N 9 0 / 9 5 e x p l a i n e d (2nd edn) by 
Michael Metcalf and John Reid, Oxford 
University Press ISBNO 19 850558 2 (pbk ) . 

Despite the continual appearance of new 
programming languages Fortran, now well into 
middle age, soldiers on .Th is new edit ion 
summar izes the latest s tandards. Michael 
Metcalf, now retired, was a longtime member 
of CERN's Information Technology Divis ion. 

C y c l o t r o n s a n d t h e i r A p p l i c a t i o n s 1998 -
P r o c e e d i n g s o f t h e 15th 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 C y c l o t r o n s a n d t h e i r 
A p p l i c a t i o n s , C a e n , F r a n c e , 1 4 - 1 9 J u n e 
1998 edited by E Baron and M Lieuvin, 
GANIL, France, Institute of Physics Publ ishing 
ISBN 0 7503 0663 7 (hbk £ 2 2 0 . 0 0 / $ 4 0 0 ) . 

Cyclotrons 1998 was the fifteenth in a 
series of international conferences initiated in 
1959. Cyclotrons are used in basic and 
appl ied research, radiotherapy and nuclear 
medic ine. Included is a complete list of 
existing cyclotrons and their characterist ics. 

E f f e c t i v e M e d i u m T h e o r y - P r i n c i p l e s a n d 
A p p l i c a t i o n s by Tuck C Choy, Oxford 
University Press, International Ser ies of 
Monographs on Physics ISBN 0 19 851892 7. 

Whi le not at the cutting edge of funda­
mental physics, effective medium theory is a 
fruitful way of describing and handl ing 
microstructure at the mesoscop ic sca le .The 
introduction is by Marshall S toneham. 

NEW PRODUCTS 
HDF plug-in for Adobe Photoshop 
Fortner Sof tware, experts on the Hierarchical 
Data Format ( H D F ) data model , announced 
the availability of the Power Macintosh HDF 
import plug-in v l . l for Adobe Photoshop. 

Wi th this plug- in, Photoshop owners can 
access and raster image and data objects 
stored in HDF files. Photoshop's advanced 
annotat ions, colour manipulat ion, addit ional 
imaging and Web publication features compl i ­
ment the image and data manipulat ion 
functional i ty of Fortner Software's data access 
and visual izat ion appl icat ions: Noesys , 
T rans fo rm,T3D and Plot. For example , Noesys 
and Transform can import many data formats, 
including text, binary, SDTS, DTED, GeoTIFF 
and FITS, and convert them to HDF, thus pro­
viding Photoshop users with access to data 
f rom sources that were previously 
inaccessible. 

T h e HDF import plug-in v l . l runs on the 
Power Macin tosh, Mac OS 8+ and requires 
1 MB of hard disk space . It is compat ib le with 
A d o b e Photoshop vers ions 3.x, 4.x and 5.0, 
5 .1 ,5 .2 .The plug-in can be purchased on line 
($49 ) and down loaded via the Websi te at 
"h t t p : / /www. fo r tne r . com" . For full details, 
contact Hi lary Lewis, tel. (+1) 703 478 0181 
(103) or e-mail "h i la ry@for tner .com". 

Model 218 Temperature Monitor 

T h e eight-channel Model 218 temperature 
monitor, Lake Shore 's most versati le to date, 
reads up to eight diode or resistance temper­
ature sensors twice each second and displays 
all of the channe ls continuously. The Model 
218 suppor ts d iodes, Plat inum RTDs and 
negative temperature coefficient (NTC) resistor 
sensors . Diode sensors are easily 
interchangeable and provide a wide 
measurement range (1 .4-475 K) . Plat inum 
RTDs are recommended for high temperatures 
up to 800 K. NTC resistor sensors are meas­
ured with constant current excitations for less 
demand ing appl icat ions that require their 
special ized temperature response. 

Contact Lake Shore Cryotronics, Inc, Steve 
Hoenig, Sales and Marketing, 575 McCorkle 
Boulevard, Westervi l le, Ohio 43082 ; tel. (+1 ) 
614 891-2244; fax 614 818-1600; e-mail 
" sa les@lakeshore .com" ; Internet 
"www. lakeshore .com" . 
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Japanese ambassador to Switzerland, M i t s u h e i M u r a t a (left), at CERN with P e t e r J e n n i , 
spokesman of the ATLAS experiment for CERN's LHC collider. 

CERN-Asia Fellows and 
Associates Programme 
Within the f ramework of the C E R N - A s i a 
Fel lows and Associates Programme, C E R N 
offers three grants every year to East, Sou th -
East and South As ian* postgraduates under 
the age of 33 , enabl ing them to part icipate in 
its scientif ic programme in the areas of exper i ­
mental and theoretical physics and 
accelerator technologies. The appo in tments 
will be for one year, which might, exceptionally, 
be extended to two years. 

Appl icat ions will be considered by the 
C E R N Fel lowship Select ion Commit tee at its 
meet ing on 25 Janua ry 2000. An appl icat ion 
must consist of a completed appl icat ion fo rm, 
on which it should be written " C E R N - A s i a 
Programme" ; three separate letters of refer­
ence ; and a curr iculum vitae that includes a 
list of scientif ic publ ications and any other 
information regarding the quality of the cand i ­
date. Appl icat ions, references and any other 
information must be provided in Engl ish. 

Appl icat ion forms can be obtained f rom the 
Recrui tment Serv ice, C E R N , Personnel 

Divis ion, 1211 Geneva 23 , Swi tzer land; e-mail 
"Recru i tment .Serv ice@cern .ch" ; fax +41 22 
767 2750. Appl icat ions should reach the 
Recrui tment Serv ice at CERN before 
15 November 1999. 

The C E R N - A s i a Fellows and Associates 
Programme also offers a few short - term asso-
ciateship posit ions to scientists under 40 who 
wish to spend part of the year at CERN or a 
Japanese laboratory and who are "on leave of 
absence" f rom their institute. Appl icat ions are 
accepted f rom scientists who are nationals of 
the East, South-East and South As ian* 
countr ies and f rom members of the CERN 
personnel who are nationals of a CERN 
member state. 
C a n d i d a t e s are accepted from Afghanis tan, 
Bang ladesh, Bhutan, Brunei , Cambod ia , 
China, India, Indonesia, J a p a n , Korea, the 
Laos Republ ic, Malaysia, the Maldives, 
Mongol ia, Myanmar, Nepa l , Pakistan, the 
Phil ippines, S ingapore, Sri Lanka,Ta iwan, 
Thai land and V ie tnam. 

MEETINGS 
T h e 6 t h 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 
M a t e r i a l s a n d M e c h a n i s m s o f S u p e r ­
c o n d u c t i v i t y a n d H i g h T e m p e r a t u r e 
S u p e r c o n d u c t o r s (M2S-HTSC-V I ) will take 
place in the George R Brown Convent ion 
Center, Hous ton ,Texas , on 20 -25 February 
2000. Contact Centennia l Conferences, 4800 
Basel ine Road , A-112, Boulder, Colorado 
80303 USA; tel . 303 499 2299 ; fax 303 499 
2599 ; e-mail "m2s@centenn ia lconferences . 
c o m " ; " h t t p : / / m 2 s c o n f . u h . e d u " . 

T h e 11th biennial N A T O A d v a n c e d S t u d y 
I n s t i t u t e s o n T e c h n i q u e s a n d C o n c e p t s o f 
H i g h - E n e r g y P h y s i c s will be held on 15-26 
June 2000 in St Croix, Virgin Islands. It is 
sponsored by the Division of Scientif ic Affairs 
of NATO, the H igh-Energy Physics Programme 
of the US Depar tment of Energy, the 
E lementary Particle Physics Programme of the 
US National Sc ience Foundat ion, Fermilab, 
Florida State University, ITEP in Moscow and 
the University of Rochester. At tendence is 
limited to 60 par t ic ipants.There are no spe­
cial appl icat ion forms. Any advanced graduate 
s tudent or recent postgraduate in exper imen­
tal h igh-energy physics interested in attending 
should submi t a letter of application 
containing a CV and a list of publ icat ions. In 
addi t ion, a letter f rom a senior scientist (adv i ­
sor ) , in suppor t of the appl icat ion, should also 
be sent to the address below. Al though the 
deadl ine for appl icat ion is 1 February 2000, it 
is advisable to apply as early as possible. For 
further information contact Ms C Jones , Dep­
ar tment of Physics, Universi ty of Rochester, 
Rochester, New York 14627-0171, " h t t p : / / 
www.pas . roches te r .edu /ASI in fo .h tml " , e-mail 
"conn ie@pas. roches te r .edu" . 

Bottled up 
T h e operat ions crews are the unsung heroes 
of h igh-energy physics, ensur ing the del ivery 
of the particle goods. A letter of appreciat ion 
f rom the NA48 exper iment measur ing direct 
CP violat ion, CERN Courier Sep tember p6, 
thanked all who part icipated in the provision 
of their beams at the S P S synchrot ron. Whi le 
p leased to receive thanks, the operat ions 
special ists said that " the LEP exper imenters 
tradit ionally use another channel to express 
their gratitude ( c h a m p a g n e ) , which is much 
appreciated in the control room" . 
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AWARDS 
S h i j u - H o - S h o 
The Japanese KEK Laboratory d i rector-gen­
eral , Hirotaka Sugawara , has received the 
prestigious Sh i ju -Ho-Sho (meda l with purple 
r ibbon) f rom the Emperor of J a p a n as one 
who.has made an outstanding contr ibut ion to 
cultural activity in J a p a n . His ach ievements 
have been widely recognized, both in 
theoret ical physics and in his managemen t of 
KEK, where he has been director-general s ince 
1989. Under his directorship, KEK has 
become one of the major wor ld h igh-energy 
physics laboratories, with two forefront 
projects: the KEKB B factory and the K2K 
Long Basel ine Neutr ino Oscil lat ion exper­
iment. This award is not only a personal 
honour but also a recognit ion of h igh-energy 
physics ach ievement by a J a p a n e s e cit izen, 
and it will help to further particle physics 
research in J a p a n . 

1999 D i r a c M e d a l 
T h e Dirac Medal of The Abdus Sa lam 
International Centre for Theoret ical Physics in 

Trieste, Italy, is awarded this year to Giorgio 
Parisi of Rome I "La Sap ienza" . Parisi, who 
graduated f rom Rome in 1970, has made 
outstanding contr ibut ions in many areas of 
theoret ical physics, including e lementary 
particle physics, phase transit ions, statistical 
mechan ics , mathemat ical physics, string 
theory, neural networks and disordered 
sys tems. He has worked at the National 
Laborator ies in Frascati ( I ta ly) , Rome 
University, and University of Rome II and I 
("La Sap ienza" ) . In addit ion, he has had 
one-year appoin tments at Columbia and at 
the Institute des Hautes Etudes Scient i f iques 
and Ecole Normale Super ieure in France. He 
is the au thor /co -au thor of two books and 200 
scientific articles and he received the 
Feltrinelli Prize for Physics in 1986, the 
Bol tzman Medal in 1992 and the Italgas Prize 
in 1993. 

M o n e y f o r s t r i n g 
Two string theorists - Juan Maldacena of 
Harvard and Eva Silverstein of SLAC - were 
among the 32 recipients of 1999 MacArthur 
Fel lowships. 

A line-up of speakers at a recent users' meeting at Brookhaven for a review, "The AGS 
Alternating Gradient Synchrotron: Past, Present and Future", chaired by Bill Wallenmeyer, 
former director of the US Department of Energy's Division of High-Energy Physics. Left to 
right: M e l S c h w a r t z (Nobel 1988) - "The Early Years"; B i l l W a l l e n m e y e r ; S a u L a n W u 
(Wisconsin) - "J/psi and the Middle Years"; T D L e e (Nobel 1957) - "Theory in the Future; 
M i k e Z e l l e r (Yale) - "The Rare K-decay Era"; Bi l l M o z o n (UC Irvine) - "The Future Era"; and 
S h o j i N a g a m i y a (KEK) - "Heavy Ions". 

G u g g e n h e i m f e l l o w s h i p s 
A m o n g those awarded prestigious 
Guggenhe im fel lowships in 1999 was Michael 
Riordan, physics author and assistant to the 
director at SLAC, Stanford. Riordan is also the 
SLAC cor respondent of CERN Courier. He 
plans to use the award to research and write a 
book on the history of the US Super­
conduct ing Supercol l ider, the construct ion of 
which w a s abrupt ly terminated in 1993. 

Also awarded a Guggenhe im fel lowship was 
Bruce Winste in of Chicago, who will be 
working at Princeton for the year on an exper i ­
ment led by Suzanne Staggs to detect 
polarization in cosmic-microwave background 
radiat ion. 

G r a v i t y R e s e a r c h F o u n d a t i o n A w a r d s f o r 
E s s a y s 
First prize in this year 's Gravity Research 
Foundat ion Awards for Essays went to John 
Ellis of C E R N , Nikolaos Mavromatos of Oxford 
and Dimitri Nanopou los of Texas A&M for their 
paper "Search for quantum gravity" (e-print 
archive g r - qc /9905048 ) , to be publ ished in 
the journal General Relativity and Gravitation. 

4*^ 

B e r n d S u r r o w (left) of Schwabisch Hall, 
now working on the Opal experiment at 
CERN, receives the annual PhD thesis prize 
awarded by the Verein der Freunde and 
Forderer des DESY (Association of the 
Friends and Sponsors of DESY) for his 
thesis on proton structure measurements at 
the ZEUS experiment at DESY. Presenting 
the prize was former DESY and CERN 
director E r i c h L o h r m a n n , head of the 
association, which, by supporting social 
and cultural activities, aims to make DESY 
more than just a centre of scientific 
excellence. 
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Among the participants from CERN at the 
C N Yang retirement meeting were 1988 
Nobel Prizewinner J a c k S t e i n b e r g e r and 
C e c i l i a J a r l s k o g . (Cecilia chairs the Nobel 
Prize Committee for Physics, but not for Quantum choreodynamics - physics 
chemistry, as wrongly indicated in the June chanteuse L y n d a W i l l i a m s upstage at 

The solar eclipse at CERN on 11 August. issue on p40. Apologies for the error.) CERN. 

UNE HAUTE IDEE DE LENTREPRISE 
A 10 minutes de Vaeroport 
international de Geneve, 
au carrefour des reseaux 
autoroutiers E / CH/D/I, 
pres de deux gares TGV, 
a proximite du prestigieux CERN. 

PROPOSE SUR 40 HECTARES : 
des parcelles de terrains viabilisees 
(achat ou location) 
des bureaux et des bdtiments mixtes 
une pepiniere d'entreprises 
des services specifiques d'assistance 
aux entreprises pour une implantation 
regionale et pour des relations avec le CERN 
un Bureau de Rapprochement 
des Entreprises agree par /' U E . 

ft. * <x 
ft LE 

T E C H N O P A R C 
- PAYS DE GEX -

A Ten minutes1 drive 
to Geneva International Airport, 

at the crossroads of the F/CH/D/I 
motorways, close to two 

TGV railway stations, right next 
to the prestigious CERN. 

ft 
& p * 

CONTACT: 
COMMUNAUTE DE COMMUNES 

DU PAYS DE GEX 
Technoparc - Pays de Gex -
F-01630 Saint-Genis-Pouilly 

Tel. 04 50 42 65 00 - Fax 04 50 42 65 01 
E-mail: bregex @leman.com 

internet: http://www.leman.com/~bregex 

PROPOSES 100 ACRES (40 HA) OF EQUIPPED SITE WITH : 
pieces of land 

(purchasing or renting) 
offices spaces 

activity buildings 
incubator 

Business Corporation 
Center agreed 

by EU. 

VERS PARIS \ 
• 

/ 
^ ^ ^ ^ GEX# 

st-genis-pouilly7 

FERNEY | VOLTAiRE 

FRANCE / ' ' Îr̂ ENEVE 

VERS LYON * 
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DESY is a physics research laboratory with 1.400 employees and more than 3.000 guest scientists from Germany and abroad. The scientific programme includes research in particle physics and synchrotron radiation. 
DESY invites applications for the position of a 

Pos tdoc to ra l F e l l o w s h i p 
in Experimental Accelerator Physics for R&D work associated with the superconducting linear electron-positron collider project TESLA and free electron lasers in the VUV and X ray regime. 

At the TESLA Test Facility in Hamburg superconducting cavities of highest performance are developed, and a linear test accelerator is under construction whose present energy of 250 MeV will be gradually increased beyond 1 GeV. The test accelerator will serve also as a drive linac for a VUV free electron laser (FEL) of unprecedented performance. 
The candidate is expected to join the R&D programs aiming at the development of superconducting rf cavities of ultimate performance, and/or the development of high power rf couplers and other auxiliary components. In addition, an active participation in the commissioning of the test linac and the VUV FEL facility is expected. 
Applicants should have a Ph.D. in physics and be under 32 years of age. Special knowledge in accelerator physics, superconductivity and/or microwave technology is highly welcome. 
The appointment will be at DESY Hamburg and be initially limited to 3 years with a salary according to federal tariffs (BAT lla). 
Letters of application including curriculum vitae, copies of university degrees, list of publications and the names of three referees should be sent to: 
D E S Y , Pe rsona lab te i l ung , No t kes t raBe 85, D-22607 H a m b u r g , 
c los ing date : N o v e m b e r 30th, 1999 C o d e - N o . 56/99 
Applications are particulary welcomed from qualified women and handicap­ped persons as they are currently underrepresented within the workforce. 

DESY is a physics research laboratory with 1.400 
/ ) § 0 T X \ employees and more than 3.000 guest scientists from 
( D E S Y Germany and abroad. The scientific programme Vy^i t / includes research in particle physics and synchrotron radiation. 

DESY invites applications for the position of an 
E x p e r i m e n t a l P h y s i c i s t 

f o r t h e R a d i a t i o n P r o t e c t i o n G r o u p 

The position entails two main activities: 
• verification of all aspects of radiation protection measures in the existing accelerator systems; 
• planning and realisation of such measures for the new TESLA linear collider and FEL-laboratory projects. 
The applicant will be expected to convincingly represent the importance of radiation protection both within DESY and in public. The chosen candidate will, after an appropriate period, assume the post of radiation protection group leader with responsibility not only for lab employees but also for liaison with the relevant authorities. 
Applicants should have a Ph.D. preferably in nuclear or particle physics; several years of experience in the field of radiation protection; experience with extensive program systems in particular with data concerned with radiation protection matters; leadership qualities and the ability to interact with colleagues; good knowledge of English. 
The appointment is to a permanent position with a salary according to federal tariffs (BAT lb). Letters of application including a curriculum vitae, list of publications and the names of three referees should be sent to: 
D E S Y , Pe rsona lab te i l ung , No tkes t raBe 85, D-22607 H a m b u r g , 
c los ing da te : N o v e m b e r 30th, 1999 C o d e - N o . 87/99 
Applications are particulary welcomed from qualified women and handicap­ped persons as they are currently underrepresented within the workforce. 

F A C U L T Y P O S I T I O N S in E X P E R I M E N T A L and T H E O R E T I C A L H IGH E N E R G Y P H Y S I C S 
U N I V E R S I T Y O F O K L A H O M A 

The Department of Physics and Astronomy at the University of Oklahoma invites 
applications for two tenure-track faculty positions to begin in Fall 2000. The 
positions are intended to be at the Assistant professor level, although in 
exceptional circumstances a more senior appointment may be possible. 
Applicants must hold a Ph.D. degree in physics, and must have the ability to 
teach effectively at both undergraduate and graduate levels. The potential to 
contribute strongly to the existing research program is essential. The applicants 
should have postdoctoral experience and research objectives that will enhance 
the external funding of the High Energy Physics (OU-HEP) group. For the 
experimental position preference will be given to applicants whose background 
and interests overlap those of the experimentalists in the existing OU-HEP group, 
whose current research focuses on colliding beam physics as members of the 
DO, ATU\S, and CLEO collaborations. The group has recently made contributions 
to the DO and CLEO silicon microstrip vertex detectors and to development of the 
ATLAS pixel detector. Major experimental facilities include a VLSI design and 
testing laboratory, a machine shop, an electronics shop, and excellent computing 
facilities supported by a full-time staff physicist. 
For the theoretical applicant the potential to initiate a strong theoretical research 
program is essential. The successful candidate will be able to interact fruitfully with 
members of both our theoretical and our experimental high energy groups. We 
are seeking a physicist wtth a strong background in phenomenology, by which 

we mean the ability to apply theories in particle physics, such as QCD, to the 
experimental situation which will unfold in the next century. Current research 
interests of our theoretical group include nonpeturbative quantum field theory, 
quantum chromodynamics, vacuum fluctuation phenomena, quantum gravity, 
and the physics of magnetic charge. Physics interests of the experimental group 
include electroweak phenomenology (Higgs bosons, bottom- and top-quark 
physics,...) and phenomenology of QCD. 
For further information about our department see http://www. nhn.ou.edu. 
To apply for the experimental position, please write to: Dr. Patrick Skubic, 
H E P E X Search Commit tee Chair, Department of Phys ics and Astronomy, 
T h e University of Ok lahoma, Norman, O K 73019-0225 
(e-mail: pskubic@ou.edu) . 

To apply for the theoretical position, please write to: Dr. Kimball A . Milton, 
H E P T H Search Commit tee Chair, Department of Phys ics and Astronomy, 
T h e University of Oklahoma, Norman O K 73019-0225 
(e-mail: hepthsearch@mail .nhn.ou.edu). Initial screening of applicants will 
begin January 10, 2000 and will continue until the position is filled. Complete 
applications will consist of a vita, publication list, a brief description of research 
and teaching interests, and at least three confidential letters of recommendation 
sent directly to the appropriate search committee chair. 

The University of Oklahoma is an Equal-Opportunity Affirmative-Action Employer and has a policy of being responsive to the needs of dual-career couples. 
Women and minorities are encouraged to apply. 

http://www
http://nhn.ou.edu
mailto:pskubic@ou.edu
mailto:hepthsearch@mail.nhn.ou.edu


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

Currently, we have excellent opportunities for an Accelerator Physicist and two Accelerator Engineers. In these broad 
based positions, the successful candidates will work as team members developing innovative solutions towards improv­
ing the performance and capabilities of superconducting accelerators and cavities in support of the Laboratory goals of 
upgrading the energy of CEBAF, developing an FEL facility, and applications of the superconducting RF technology to 
other national and international accelerator projects. 

A C C E L E R A T O R P H Y S I C I S T ( S R F ) 
( P o s i t i o n # A R 2 1 0 7 ) 

Emphasis of the work will be in the area of improvement of performance of superconducting cavities: increasing gradient, 
reducing losses, and improving consistency in performance. This will include, but is not limited to: understanding of fun­
damental limitations, development of new procedures and processes, cryogenic testing, prototype development, cry-
omodule assembly, and testing. The minimum qualifications for this position are a Ph.D. in Physics, Applied Physics, or 
closely related discipline involving particle accelerators. At least five years experience with superconducting accelerating 
structures and their applications to accelerators, and familiarity with RF measurement techniques. The candidate must 
have a demonstrated track record of innovative and significant contributions in the area of SRF technology as applied to 
particle accelerators. Experience with, and contributions to, other areas of accelerator technology will be a considerable 
plus, as will be excellent communication skills. While the candidate must be able to work independently under minimum 
supervision, the ability to work effectively in multidisciplinary teams of physicists, engineers, and technicians is of prime 
importance. The starting annual salary range is $53,000 - $83,900. For a higher classification, ttie salary range is 
$66,600-$105,300. 

A C C E L E R A T O R E N G I N E E R 
( P o s i t i o n # A R 3 1 1 6 ) 

Emphasis of the work will be in the RF and electronic area (design and development of cavities and RF power coupling 
schemes, testing, fabrication oversight), but interest and participation in other aspects of the SRF accelerator technology 
will be encouraged and expected. The minimum qualifications for this position are a Ph.D. in Applied Physics or Electrical 
Engineering with 3 years experience, or MS in Electrical Engineering with a minimum of 7 years experience in rf acceler­
ator technology, and a strong foundation in classical and accelerator physics are required. The candidate must have a 
demonstrated track record of innovative and significant contributions in the area of rf technology as applied to particle 
accelerators, such as: design, development, and commissioning of electromagnetic structures and components, couplers, 
and rf test stands. Knowledge of, and experience with, electromagnetic design codes is required. Experience with and 
contributions to other areas of accelerator technology, and in particular superconducting rf technology, will be a consid­
erable plus, as will be excellent communication skills. 

A C C E L E R A T O R E N G I N E E R 
( P o s i t i o n # A R 3 2 0 4 ) 

Incumbent will support rapid prototyping of hardware used in superconducting rf-based accelerating systems; clarify 
desired functional parameters, conceive and evaluate potential solutions via analytical and experimental testing; employ 
emerging fabrication techniques and novel materials as beneficial to application needs; provide an interface between the 
design development team and production and mechanical engineering staff; collaborate in integrated system testing and 
commissioning; identify and implement effective and efficient mechanical design solutions in support of accelerator com­
ponent and systems development; and apply finite-element analysis techniques to optimize mechanical properties, includ­
ing dimensional control under load and thermal gradient, vibrational characterization, thermal conduction, etc. The mini­
mum qualifications for this position are a BS in Mechanical Engineering, Materials Science or related field with a minimum 
of 3 years experience developing creative design solutions to novel problems. Experience with novel fabrication tech­
niques and materials, UHV components, low temperature materials, unusual mechanical properties, rf hardware and relat­
ed accelerator systems is highly desirable. 

The starting annual salary range for the two Accelerator Engineer positions are $53,000 - $83,900. For a higher classifi­
cation, the salary range is $66,600 - $105,300. We are located near Colonial Williamsburg and the Chesapeake Bay. For 
prompt consideration, please send resume and salary history to: Jefferson Lab, A T T N : Employment Manager, 12000 
Jefferson Avenue, Newport News, VA 23606. Please specify position number and job title when applying. 

An Equal Opportunity, Affirmation Action Employer 

\ ; ; / 



Ft I KEN BNL 
Research Center 

Brookhaven National 
Laboratory 

S C I E N T I F I C S T A F F P O S I T I O N S 
A research center focusing on the physics program of the 
Relativistic Heavy Ion Collider (RHIC), hard QCD/spin 
physics, lattice QCD and relativistic heavy ion physics has 
been established by the Institute of Physical and Chemical 
Research Japan (RIKEN) at Brookhaven National 
Laboratory. The members of the center will be Research 
Associates (two-year appointments) and RIKEN BNL 
Fellows (five-year appointments). The Center will play a 
major role in shaping the spin and heavy ion physics 
research at RHIC. Frequent workshops are planned. 
Several positions for theorists in the above categories are 
expected to be offered for the fall of 2000. Members of 
the Center will work closely with the existing high energy 
and nuclear physics groups at BNL. 
Theorists with appropriate backgrounds who are interest­
ed in applying for Research Associate and RIKEN BNL 
Fellow positions should send a curriculum vitae, publica­
tion list, and arrange for three letters of reference to be 
sent to Professor T.D. Lee, Director, RIKEN BNL Research 
Center, Building 51 OA, Brookhaven National Laboratory, 
P.O. Box 5000, Upton, Long Island, NY 11973-5000, 
before January 1, 2000. BNL is an equal opportunity 
employer committed to workforce diversity. 

BROOKHAVEN NATIONAL LABORATORY 
a p a s s i o n f o r d i s c o v e r y 
w w w . b n l . g o v 

(Pfi 
ECOLL POLYTECH NIQU E 
FEDI:RALE DE LAUSANNE 

The Swiss Federal Institute of Technology Lausanne (EPFL) invites 
applications for three posts of 

P r o f e s s o r of A p p l i e d M a t h e m a t i c s 
in the Department of Mathematics 
The future professors will be mathematicians w i th an international reputation, 
p roven by published work at the forefront of their fields. Candidates from all 
areas of applied mathematics are we l come . Specialists in the fields of 
probability or statistics, differential geometry , and discrete mathematics or 
optimization are particularly encou raged to apply A taste and talent for 
multidisciplinary collaboration w o u l d be an asset. Teaching will be an 
important responsibility; the positions d e m a n d strong interest and skills in 
teaching and the ability to direct P h D / a d v a n c e d research in mathematics. 

The EPFL is an internationally-oriented technical university w h i c h offers 
competit ive salaries, substantial start-up packages and excellent research and 
teaching facilities. 

Applications are sought for appointments at the associate or full professor 
levels. The EPFL strongly encourages w o m e n to apply 

Start ing date: u p o n mutua l agreement . Please ask for the 
application fo rm by wr i t ing or fax ing to: 
Pr6sidence de I'Ecole po ly technique fedeYafe de Lausanne, 
CE-Ecublens, CH-1015 Lausanne, Suisse, 
fax nr. +41 21 693 70 84. 
For fur ther in format ion, please consult also URL: 
h t t p . / /www.ep f I . ch , h t t p : / / dmawww.ep f f . ch / , 
h t tp : / /admwww.ep f l . ch /p res /p ro fs .h tm l 
or ht tp: / / research.epf l .ch/ 

RIKEN BNL 
R e s e a r c h C e n t e r 

Brookhaven National 
Laboratory 

TENURE TRACK -
STRONG INTERACTION THEORY 

R H I C P h y s i c s F e l l o w P o s i t i o n s 
T h e R I K E N B N L Research Center ( R B R C ) at Brookhaven National 
Laboratory, together with university partners, invites applications for 
a program of cooperat ive fel lowships in strong interactions theoreti­
cal physics mot ivated by the exper imental program of the Relativistic 
Heavy Ion Coll ider to be operating at BNL . Each R H I C Phys ics 
Fel low will be jointly selected and suppor ted for five years , beginning 
September 2000, by the Center and one of the cooperat ing univer­
sities and will hold a tenure track faculty appointment (or equivalent) 
in that university 's Phys ics Department. Each fellow will spend 
about half t ime at R B R C and the remaining time at the university. 
Candidates should have a Ph .D . degree in theoretical nuclear or 
particle phys ics and be interested in pursuing theoretical research 
within a broad range of hadron phys ics , such as high energy nuclear 
theory, R H I C phys ics , Q C D (perturbative and lattice), hadronic spin 
physics, hadronic spect ra and their transition matrix elements. 

Scientists with appropriate backgrounds w h o are interested in apply­
ing should send a curriculum vitae, publication list, a brief descr ip­
tion of their research interests, and arrange for three letters of refer­
ence to be sent to Professor T . D . Lee, Director, R I K E N B N L Research 
Center, Building 51 OA, Brookhaven National Laboratory, P.O. Box 
5000, Upton , Long Island, NY11973 before Janua ry 1, 2000. 
Additional information, including a list of this coming year 's partici­
pating universit ies, is available by sending an e-mail request to 
rh ic_fel lows@bnl.gov or by writing to the above address. B N L is an 
equal opportunity employer commit ted to workforce diversity. 

BROOKHAVEN NATIONAL LABORATORY 
a p a s s i o n f o r d i s c o v e r y 
w w w . b n l . g o v 

U n i v e r s i t y of C a l i f o r n i a , R i v e r s i d e 
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 
wi l l 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 O P A L at LEP , D-Zero at the Tevatron and CMS at the L H C . In neu­
trino physics, faculty are working on the L S N D 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 wi l l 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 Committee 
Exper imenta l H i g h Energy Physics 
Department of Physics 
Univers i ty of Cal i fornia 
Riverside, C A 92521 

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

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

http://www.bnl.gov
http://http.//www.epfI.ch
http://dmawww.epff.ch/
http://admwww.epfl.ch/pres/profs.html
http://research.epfl.ch/
mailto:rhic_fellows@bnl.gov
http://www.bnl.gov


MAX-PLANCK-INSTITUT 
FUR PHYSIK 

( W E R N E R - H E I S E N B E R G - I N S T I T U T ) 

T h e Max Planck Institute for Phys ics in Munich is offering postdoctoral 
positions for 

experimental physicists 
interested in active participation in the experimental research program 
of the institute. T h e research teams are presently engaged in the 
following projects: high energy particle physics at L E P ( A L E P H ) and at 
H E R A (H1 and H E R A - B ) ; relativistic h e a v y ion reactions at the 
S P S (NA49) and R H I C ( S T A R ) ; dark matter search in the G r a n Sasso 
Laboratory ( C R E S S T ) ; cosmic ray studies, in particular on high 
energy gamma rays, at L a Pa lma ( H E G R A , M A G I C ) ; development and 
construction of components of A T L A S , and preparation of the L H C 
physics program. All these exper iments offer interesting tasks for 
young scientists like deve lopments of detector components, data 
acquisition and handling, and physical ana lyses, depending on the 
status of the project. 

T h e institute offers an appointment for initially two years with the 
possibility for an extension up to a total of 5 years , but not beyond the 
age of 35. Applicants should be less than 32 years of age. In case of 
equal qualif ication p re fe rence will be g iven to hand icapped 
candidates. T h e institute encourages especially w o m e n to apply. 

Please send your application including a curriculum vitae, a list of 
publications, the name of three referees and the indication of your 
research interest, preferably before November 15, 1999 to: 

Max-P lanck- lns t i tu t fu r P h y s i k , c /o U r s u l a G r e n z e m a n n 
F o h r i n g e r R i n g 6, 80805 M u n c h e n 

T e l e f o n : (089) 32354-299, F a x : (089) 32354-305 
e-mai l : u r g @ m p p m u . m p g . d e 

(Pfl 
ECOLE POLYTECHNIQJJE 
FEDERALE DE LAUSANNE 

The Swiss Federal Institute of Technology Lausanne 
(EPFL) invites applications for the position of: 

Maitre d 'enseignement et de recherche 
(MER) in Acous t ics 
for the Department of Electrical Engineering 
The task of the successful candidate will be to develop teaching and 
research activities in acoustics, more specifically for the modeling of 
acoustic fields (radiation and propagation). He/she will develop 
innovative research related to active noise control. This activity will take 
place within the existing Laboratory of Electromagnetism and Acoustics, 
in collaboration wi th other institutes of EPFL, as well as wi th other 
institutions and industries on national and international levels. 

Aptitudes for teaching and project management, scientific excellence, 
personality and industrial background are major assets. He/she will 
supervise student projects, diploma and doctoral theses. 

Start ing date: u p o n mutua l ag reement . T h e EPFL s t rong ly invites 
w o m e n to apply. Please ask for t h e appl icat ion f o r m b y wr i t i ng 
or fax ing to : 
Presidence de I'Ecole po ly techn ique f&JeYale de Lausanne, 
CE-Ecublens, CH-1015 Lausanne, Suisse, fax nr. +41 21 693 70 84. 
For fu r ther in format ion, please consul t also URL: 
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 : / / admwww.ep f l . ch /p res /p ro f s .h tm l o r h t tp : / / research.epf l .ch / 

DIRECTOR. 
ACCELERATOR 

SYSTEMS DIVISION 
ARGONNE NATIONAL 

LABORATORY 
The Accelerator Systems Division of Argonne National Laboratory's 
Advanced Photon Source (APS) facility is seeking a Division Direc­
tor to lead that organization's broad spectrum of programs in accel­
erator science and technology. The successful candidate will direct 
over 160 scientists, engineers, technicians and support staff in the 
development, analysis, maintenance, and continued improvement of 
the Advanced Photon Source storage ring and injector systems. In 
addition, the new Director will oversee continued research related to 
free electron laser (FEL) technology and the next generation of x-ray 
sources. Much of the research is carried out at the APS Low Energy 
UndulatorTest Line, presently configured as a 120nm to 530nm free 
electron laser. 

The Division Director will be responsible for allocating divisional 
resources to meet technical, fiscal, and schedule objectives. Other 
responsibilities include attracting and hiring new staff members in 
areas requiring expansion, and preparing written reports and oral 
presentations to governmental and scientific communities. The Di­
rector will also be expected to resolve problems and conflicts related 
to accelerator technical design and performance and coordinate 
solutions with APS Operations. 

This position requires comprehensive knowledge of electromagnetics, 
electrodynamics, accelerator physics, and accelerator-related tech­
nology, as well as comprehensive knowledge of state-of-the-art 
accelerator activities around the world. Solid standing in the world­
wide accelerator community as evidenced by publications and par­
ticipation in accelerator reviews and conferences is expected. This 
position also requires strong skills in oral presentation, staff motiva­
tion and organization, and scheduling and integrating diverse tech­
nical activities. 

This level of knowledge and skills are usually attained with a Ph.D. 
degree or equivalent in physics or engineering and 10 or more years 
experience in accelerator R&D, design, operation, etc., and research 
leadership typical of performance at the Senior Scientist level. 

Argonne provides an excellent compensation/benefits package. In­
terested candidates should forward their resume to Rosalie L. 
Bottino, Employment & Placement, Box ASD-204809-60, 
Argonne National Laboratory, 9700 
S. Cass Ave., Argonne, IL 60439 or e-
mail to employment@anl.gov, or fax to 
630/252-7722. Argonne is an EEO/AA 
employer. 

For additional information, please refer 
to Argonne's Home page on the internet: 
http://www.anl.gov/welcome.html. 

mailto:urg@mppmu.mpg.de
http://www.epfl.ch
http://dewww.epfl.ch/
http://admwww.epfl.ch/pres/profs.html
http://research.epfl.ch/
mailto:employment@anl.gov
http://www.anl.gov/welcome.html


Depu ty Comput ing 
Faci l i ty D i rectors 

Wry: 
Brookhaven National Laboratory (BNL) is seeking to fill t w o 

positions, Deputy Comput ing Facility Director for the 

Relat ivist ic Heavy Ion Col l ider (RHIC) and Deputy 

Comput ing Facility Director for US ATLAS. These deputy 

facility directors wil l hold scientific staff positions in the 

Physics Department and wi l l share, w i t h the facility director, 

pr imary responsibility for developing and operating major 

High Energy and Nuclear Physics comput ing facilities at 

BNL. These facilities, target ing the exper iments of the RHIC 

project at BNL and the A T L A S exper iment at CERN's Large 

Hadron Collider project, wi l l operate at the Tera-scale of 

computat ion and the Peta-scale of data storage. 

The D e p u t y C o m p u t i n g F a c i l i t y D i r e c t o r f o r US 
ATLAS - Position #MK8726 - wi l l play a principal role in 

developing and implement ing the plan required to meet 

the comput ing needs of US A T L A S in the field of large-scale 

high energy physics. This plan wi l l invo lve the cooperat ive 

use of facilities at CERN, at the US Tier 1 center at BNL, and 

at Tier 2 and institutional centers distr ibuted across the US. 

The D e p u t y C o m p u t i n g F a c i l i t y D i r e c t o r f o r RHIC -
Position #MK8725 - wi l l play a principal role in evolv ing 

and implementing the plan required to meet the ongoing 

comput ing needs of RHIC in the field of large-scale nuclear 

physics. This plan spans the var ious RHIC exper iments, 

their regional centers and col laborat ing institutions. 

Requirements include a Ph.D. in Physics, at least f ive years 

postdoctoral experience in large-scale high energy physics 

(ATLAS) and nuclear physics (RHIC) projects and associated 

computing activities, and demonstrated leadership, planning 

and management skills. Substantial expertise in areas such 

as UNIX system administration, modern programming tech­

niques, tools and languages and large-scale data processing 

and storage systems are also required. 

For consideration, please f o rwa rd your C V and three letters 

of reference, indicating posit ion #, to: M. Kipperman, 

Brookhaven National Laboratory, Bldg. 185, PO Box 5000, 

Upton, N Y 11973-5000. For more informat ion about BNL, 

please visit our websi te. BNL is an equal opportuni ty 

employer commit ted to work fo rce diversity. 

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

w w w . b n l . g o v 

PAUL SCHERRER INSTITUT 

T h e E x p e r i m e n t a l P a r t i c l e P h y s i c s G r o u p o f t h e P a u l 
S c h e r r e r I n s t i t u t e ( P S I ) i s a c t i v e i n r a r e d e c a y a n d e x o t i c 
a t o m e x p e r i m e n t s a t P S I u s i n g t h e w o r l d ' s m o s t p o w e r f u l 
p r o t o n a c c e l e r a t o r , a n d p a r t i c i p a t e s i n h i g h - e n e r g y p h y s i c s 
e x p e r i m e n t s a t C E R N a n d D E S Y . 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 a 

R e s e a r c h A s s o c i a t e 
in Experimental Particle Physics 

T h e s u c c e s s f u l c a n d i d a t e w i l l a s s u m e a m a j o r r o l e i n a n i n t e r ­
n a t i o n a l , m e d i u m s i z e c o l l a b o r a t i o n p l a n n i n g a n e w s e a r c h f o r 
t h e d e c a y o f a m u o n i n t o a p o s i t r o n a n d p h o t o n ( fx - > e + 7 ) , 
f o r b i d d e n i n t h e S t a n d a r d M o d e l . P r e f e r a b l y , t h e a p p l i c a n t h a s 
s e v e r a l y e a r s o f p o s t - d o c t o r a l e x p e r i e n c e a n d s o m e b a c k ­
g r o u n d i n p r o j e c t c o o r d i n a t i o n . K n o w l e d g e i n h i g h r e s o l u t i o n , 
m e d i u m e n e r g y e l e c t r o n a n d p h o t o n s p e c t r o s c o p y w o u l d b e 
b e n e f i c i a l . 

F o r a n y f u r t h e r i n f o r m a t i o n p l e a s e c o n t a c t K u r t G a b a t h u l e r 
( t e l . + 4 1 5 6 3 1 0 3 2 5 1 , e - m a i l K u r t . G a b a t h u l e r @ p s i . c h ) . 

A p p l i c a t i o n s s h o u l d b e s e n t t o : 

P A U L S C H E R R E R I N S T I T U T E , P e r s o n n e l D i v i s i o n , 
r e f . c o d e 1 4 0 0 , C H - 5 2 3 2 V i l l i g e n P S I , S w i t z e r l a n d . 
M o r e o p e n i n g s : w w w . p s i . c h 

UNIVERSITY OF TORONTO 
Tenure Track Faculty Position 
Department of Physics 
Experimental Nonlinear or Biological Physics 
T h e Department of Physics will make a tenure track appointment at the 
rank of Assistant Professor with an expected starting date of 1 July 
2000. A n appointment at a higher rank may also be considered. 

W e seek candidates with a Ph.D. in Physics, with proven or potential 
excellence in both research and teaching. Our goal is to find a candi­
date with a strong experimental background and an innovative, interdis­
ciplinary outlook. W e are interested in the general area of physics far 
from equilibrium: nonlinear physics (e.g. pattern formation, granular 
media, fracture) or biological physics (e.g. D N A dynamics, chemotaxis). 
W e also invite outstanding candidates working in related areas of exper­
imental soft condensed matter physics to apply. Salary will be 
commensurate with qualifications and experience. 

Applications, including a curriculum vitae, a summary of proposed 
research and three letters of reference should be sent to: 

Professor Pekka Sinervo 
Chair 

Department of Phys ics 
University of Toronto 
60 St. Geo rge Street 

Toronto, Ontario, M5S 1A7, Canada 

T h e deadline for the receipt of applications and letters of recom­
mendation is 30 November 1999. W e urge prospective candidates 

to visit our home page at http://www.physics.utoronto.ca/. 

The University of Toronto is committed to employment equity and encour­
ages applications from all qualified individuals including women, members 
of visible minorities, aboriginal persons, and persons with disabilities. 

http://www.bnl.gov
mailto:Kurt.Gabathuler@psi.ch
http://www.psi.ch
http://www.physics.utoronto.ca/


CERN 
COURIER 

RECRUITMENT 
BOOKING 

DEADLINES 

111! EMBL Hamburg Outstation 

November: 
15 October 
December: 

12 November 
Contact 

Chris Thomas: 

Te l : 
+44 (0)1179301031 

Fax: 
+44(0)1179301178 

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

T h e Eu ropean Molecular Biology Laboratory ( E M B L ) , an international research organisat ion with its Headquar ters 
Laboratory in Heidelberg ( G e r m a n y ) , Outstat ions situated in Grenob le (F rance) , Hamburg (Ge rmany ) and Hinxton 
( U K ) , and a Research Programme at Monterotondo (Italy) has the following vacancy at the Hamburg Outstation: 

S T A F F S C I E N T I S T (ref. no. 9 9 / 5 3 ) 

I N S T R U M E N T A T I O N 
The EMBL Hamburg Outstation carries out research in structural biology, making use of the special properties of 
synchrotron radiation. Currently, it operates seven beam lines at the DORIS storage ring at D E S Y . These beam 
line facilities are used by the International scientific community and for in-house research activities. Presently 
about 500 projects are carried out annually. The EMBL instrumentation group designs, builds and maintains 
these beam lines. In addition, the group develops and builds instruments for specialised and user friendly 
applications at these beam lines, in cooperation with the local research groups in X-ray crystallography, small 
angle scattering and X-ray absorption spectroscopy. The advertised position will be in the instrumentation group. 

Appl icants should have a Ph .D . or equivalent. Exper ience in the operation of Synchrotron Radiation 
beamlines, a background in X- ray optical instrumentation and basic electronic and programming skills are 
requested. T h e capability to integrate into a multi-disciplinary environment and the willingness to cooperate 
and prov ide suppor t are essent ia l . A work ing know ledge of Eng l ish is requi red and the abil ity to 
communicate in German is important. 
Commencing date: January 2000. Closing date for applications: 1 November 1999 
Further information can be obtained from Dr. Christoph Hermes, fax: ++49 89902 149; 
email: hermes@embl-hamburg.de; www: http://www.embl-hamburg.de. 
EMBL is an inclusive, equal opportunity organisation. 
Applicants should submit a C V , including a description of current professional activities, and names and 
addresses of three referees, quoting ref. no. 99/53, to: 
T h e Personne l Sect ion, EMBL, Post fach 10.2209, D-69012 Heidelberg, Ge rmany 
Fax : +49 6221 387555, emai l : j obs@EMBL-He ide lbe rg .de 

TRIUMF 
CANADA'S NATIONAL LABORATORY FOR 

PARTICLE AND NUCLEAR PHYSICS 

Director 
C a n a d a ' s na t iona l l a b o r a t o r y f o r par t ic le a n d nuc lea r phys ics is n o w 
seek ing a D i rec tor . 

Located o n the Un i ve rs i t y o f Brit ish C o l u m b i a c a m p u s , T R I U M F houses 
resea rch facil i t ies w h i c h inc lude a 5 2 0 M e V H ~ c y c l o t r o n , a n d the n e w 
rad ioac t i ve b e a m faci l i ty , I S A C . T R I U M F is C a n a d a ' s m a i n l ink to 
in ternat iona l l abora to r ies e n g a g e d in suba tomic phys ics r e s e a r c h , a n d is 
p r o v i d i n g fo r C a n a d a ' s con t r ibu t ion to the L H C pro ject at C E R N . 
In add i t i on , T R I U M F suppor ts impor tan t p r o g r a m s in Life Sc iences, 
C o n d e n s e d Mat te r a n d o the r cross d i sc ip l i na ry app l ica t ions . 

T h e posi t ion o f D i rec to r has a p r e f e r r e d start ing da te o f Sep tember 1, 
2 0 0 0 , a n d is subject to a f i ve y e a r initial te rm o f Appo in tmen t . A d d i t i o n a l 
i n fo rmat ion a b o u t T R I U M F , a n d a descr ip t ion o f the D i rec to r ' s pos i t ion 
a r e a v a i l a b l e at www.triumf.ca/director.html 

T h e search commi t tee wi l l b e meet ing to b e g i n its select ion p rocess in 
N o v e m b e r 1999 , a n d is n o w invi t ing sugges t ions fo r sui table ind iv idua ls , 
as we l l as exp ress ions o f interest f r o m potent ia l cand ida tes . 

T R I U M F is a n equa l o p p o r t u n i t y e m p l o y e r , a n d asks that all app l i ca t ions 
a n d nomina t ions b e d i rec ted to : 

W . John McDonald, Chair of the Search Committee 
c/o Department of Physics 

University of Alberta 
Edmonton, Alberta T 6 G 2J1 

FACULTY POSITIONS IN 
PHYSICS 

University of California 
Berkeley 

The Physics Department of the University of California, 
Berkeley intends to make one or more faculty appoint­
ments effective July 1, 2000. Candidates from all fields of 
physics are invited to apply; however applications in the 
fields of theoretical astrophysics and experimental atomic 
physics are particularly encouraged. Appointments at both 
tenure-track assistant professor and tenured levels will be 
considered. 

Please send a curriculum vitae, bibliography, statement of 
research interests, and a list of references to: 

P r o f e s s o r R o g e r W . F a l c o n 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 C a l i f o r n i a , 3 6 6 L e C o n t e H a l l 
# 7 3 0 0 , B e r k e l e y , C A 9 4 7 2 0 - 7 3 0 0 , postmarked by 
Tuesday, November 23, 1999. E-mail applications will not 
be accepted. Applications submitted after the deadline will 
not be considered. 

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

mailto:chris.thomas@ioppublishing.co.uk
mailto:hermes@embl-hamburg.de
http://www.embl-hamburg.de
mailto:jobs@EMBL-Heidelberg.de
http://www.triumf.ca/director.html


(Pfl 
tCOLt POLYTECHNIQU E 
FEDERALE DE LAUSANNE 

T h e Swiss Federal Institute o f T e c h n o l o g y Lausanne (EPFL) invites 
appl icat ions for a posit ion of 

A s s i s t a n t P r o f e s s o r in 
M i c r o s t r u c t u r e Fab r i ca t i on of S i l i c o n 
for the Department of Microengineering 
The research activities of the new assistant professor will be centered around silicon 
processes derived from micro-electronics, in particular the development of new 
manufacturing processes for micro- and nanostructures, leading to the realization 
of new microsystems for industrial applications. This position requires a high level of 
scientific research, characterised at the same time by a high application potential. 
The assistant professor will contribute to the teaching and the advise of student 
projects, diploma and thesis work. Candidates should have an excellent 
understanding of microfabrication, good people skills, and preferentially an 
industrial experience. Good capabilities to lead a research team is necessary. Past 
experience of managing projects in collaboration with industrial .partners is 
advantageous. 

Applications from women are particularly welcome. Applications are also 
encouraged from people w h o fulfill the requirements of the Swiss program for 
ensuring the continuity of competent 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 : N o v e m b e r 1 5 , 1 9 9 9 . 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 . P l e a s e a s k 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 ' E c o l e 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 , S u i s s e , 
f a x n r . + 4 1 2 1 6 9 3 7 0 8 4 . 

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 c o n s u l t a l s o U R L : h t t p : / / w w w . e p f l . c h , 
h t t p : / / d m t 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 / 

UNIVERSITY OF 
WISCONSIN-MADISON 

The Department of Physics, University of Wisconsin-Madison invites 
applications for a tenure track position at the assistant professor level in 
experimental nuclear physics with the appointment to begin in August, 
2000. 

The appointment may be at a higher rank if qualifications and 
experience warrant. A Ph.D in physics is required. Commitment to 
teaching at the graduate and undergraduate levels is expected. 
Applications from outstanding candidates in all areas of experimental 
nuclear physics will be considered, but individuals with interests in 
neutrino phyiscs, fundamental interactions and nuclear astrophysics are 
particularly encouraged to apply. 

A p p l i c a n t s s h o u l d s u b m i t a l e t t e r o f a p p l i c a t i o n o u t l i n i n g t h e i r 
q u a l i f i c a t i o n s a n d i n t e r e s t s w i t h a r e s u m e a n d p u b l i c a t i o n s l i s t , a n d 
a r r a n g e t o h a v e a t l e a s t t h r e e l e t t e r s o f r e f e r e n c e s e n t t o L e e G . 
P o n d r o m , 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 W - M a d i s o n , 
1 1 5 0 U n i v e r s i t y A v e n u e , M a d i s o n , W I 5 3 7 0 6 - 1 3 9 0 b y D e c e m b e r 1 , 
1 9 9 9 . T h e m a t e r i a l s u b m i t t e d s h o u l d p r o v i d e e v i d e n c e o f t e a c h i n g 
s k i l l s a n d t h e a b i l i t y t o c a r r y o u t a n i n d e p e n d e n t r e s e a r c h 
p r o g r a m . 

The University of Wisconsin-Madison is an equal opportunity/affirmative 
action employer and especially encourages women and minorities to apply. 

Unless confidentiality is requested in writing, information regarding the 
applicants must be released upon request. 

Finalists cannot be guaranteed confidentiality. 

EXPERIMENTAL COSMIC RAY PHYSICS 
Universi ty of Utah 

T h e P h y s i c s D e p a r t m e n t a t t h e U n i v e r s i t y o f U t a h i s s e e k ­

i n g q u a l i f i e d c a n d i d a t e s f o r a t e n u r e t r a c k p o s i t i o n i n 

E x p e r i m e n t a l C o s m i c R a y P h y s i c s a t t h e A s s o c i a t e 

P r o f e s s o r o r F u l l P r o f e s s o r l e v e l . W e s e e k c a n d i d a t e s w i t h 

s t r o n g c o m m i t m e n t s t o b o t h t e a c h i n g a n d r e s e a r c h . 

S u c c e s s f u l c a n d i d a t e s w i l l b e e x p e c t e d t o t a k e a l e a d e r s h i p 

r o l e i n t h e w o r k o f t h e H i g h R e s o l u t i o n F l y ' s E y e ( H i R e s ) 

e x p e r i m e n t a n d a l l i e d e f f o r t s , a s w e l l a s t e a c h u n d e r g r a d u ­

a t e a n d g r a d u a t e c o u r s e s i n P h y s i c s . 

C a n d i d a t e s s h o u l d s u b m i t t h e i r c u r r i c u l u m v i t a e , l i s t o f 

p u b l i c a t i o n s 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 b y 

O c t o b e r 1 5 , 1 9 9 9 t o : 

C o s m i c R a y F a c u l t y S e a r c h C o m m i t t e e 

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 U t a h 

1 1 5 S . 1 4 0 0 E . , # 2 0 1 

S a l t L a k e C i t y , U t a h 8 4 1 1 2 

The University of Utah is an Affirmative Action Equal 
Opportunity Employer. It encourages applications from women 
and minorities and provides reasonable accommodations to the 

known disabilities of applicants and employees. 

Are you looking for... 
• Bio/Medical Physicists 

• "Rocket Scientists" 

• Electrical Engineers 

• Software Developers 

•Technical Editors 
• Technical Sales Engineers 

• Laser Engineers 

• Subatomic, Nuclear, Particle, 
Astro, High, Medium and 

Low Energy Physicists 

• Cosmologists. 

For further information and professional 
recruitment advice on how to promote your 

position contact Chris Thomas 
Tel: +44 (0)117 9301031 
Fax:+44 (0)117 9301178 

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

http://www.epfl.ch
http://dmtwww.epfl.ch/
http://admwww.epfl.ch/pres/profs.html
http://research.epfl.ch/
mailto:chris.thomas@ioppublishing.co.uk


Faculty and Post Doctoral Positions 
C.N. Yang Institute for Theoretical Physics 

The C. N. Yang Institute for Theorectical Physics at the State University of 
New York at Stony Brook seeks candidates for postdoctoral positions and 
continues to seek candidates for tenure-track faculty and tenured faculty with 
anticipated appointment date 1 September 2000. 

Research fields at the Institute include, but are not limited to, gauge field 
theory, elementary particle theory, statistical mechanics, supersymmetry, and 
superstrings. 

For application instructions please see: 
http://www.physics.sunysb.edu/itp/jobs 

If your computer manager cannot provide web access, there is a slower 
alternative - please email for instructions by auto-reply: 
jobforms@instl.physics.sunysb.edu 

If you cannot connect electronically, please write to: CNYITP Search, 
State University of New York, Stony Brook, NY 11794-3840. 

Review of applications will resume this fall and continue until the positions 
are filled. 

The University at Stony Brook is an Equal Opportunity/Affirmative Action 
Employer. Applications from women, people of color, disabled persons, and 
veteran are especially welcome. 

CASE WESTERN RESERVE UNIVERSITY 
Faculty Position in 

Experimental Particle Physics/Astrophysics 
T h e Depar tment of Phys i cs at C a s e W e s t e r n R e s e r v e Universi ty is launching a s e a r c h for a n 
experimental ist in particle phys ics /as t rophys ics , wi th the possibility of a s e c o n d posit ion, a s 
part of major ongo ing g r o w t h in this area. T h e s e will b e tenure track or tenured posit ions 
w h i c h m a y b e m a d e at any level c o m m e n s u r a t e wi th qualifications. 

Wh i le significant startup funds are e x p e c t e d , w e are likely to f ocus o n cand ida tes w h o already 
h a v e s o m e outs ide suppor t for their resea rch p rog ram. T h e success fu l candidate(s) will join 
a g row ing 'effort in particle phys ics /as t rophys ics in the new ly renova ted resea rch facilities of the 
phys i cs depar tment . Current exper imental efforts include unde rg round dark matter detect ion, 
a n d a n exper imental p rogram at the Fermilab T e v a t r o n a n d C E R N . T h e e x p e c t e d start date is 
S u m m e r 2000, but an earlier start date m a y b e possib le . 

Interested candidates should apply to Particle Physics/Astrophysics Search 
Committee, Department of Physics, Case Western Reserve University, 
10900 Euclid Ave. , Cleveland, O H 44106-7079. Questions can be directed by 
email to cct@po.cwru.edu. 

CWRU is an affirmativeaction/equal opportunity employer. 

M E C H A N I C A L P R O J E C T E N G I N E E R 
( P o s i t i o n # A R 3 2 2 3 ) 

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 Mechanical Project 
Engineer to work in our Accelerator Division. The successful candidate 
will provide mechanical engineering support for the Division, serving 
as project engineer on a variety of assigned tasks. Incumbent will be 
responsible for the design, procurement, and fabrication of parts, instal­
lation, and commissioning, and all documentation needed to support 
and maintain said designs. Additional engineering duties may include 
vacuum, pressure vessel, cryogenic, magnet, support structures, and 
water system designs as well as heat transfer and vibration analysis. 
Incumbent must be able to take concepts from physicists and other engi­
neers and turn them into working designs. Must be able to work inde­
pendently on involved projects and be able to solve complex problems 
where there are limited precedents available. Incumbent may work with 
one or two designers on individual designs or be responsible for lead­
ing a group of several engineers and designers on larger projects. 

The minimum qualifications for this position are a BS or MS Degree in 
Engineering with at least fifteen years of design experience related to 
particle accelerators or the equivalent in education and experience. 
Familiarity with multiple aspects of accelerator design and theory, 
including injector design, ultra high vacuum, cryogenics, accelerator 
diagnostics, magnets, alignment, and superconducting radio frequency 
cavities and cryostat design. The candidate must also be an expert in one 
or more of the following: injector design, ultra high vacuum, accelerator 
diagnostics, materials, welding, and superconducting radio frequency 
cavities and cryostat design. Supervisory and/or project management 
experience is also required. The incumbent must have a demonstrated 
ability to do independent research and proven analytical skills. 

The starting annual salary range for this position is $66,600 - $105,300. 
For a higher classification, the salary range is $80,700 - $127,500. 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 

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

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

E x p l o r e the latest hot topics in particle physics 

L i n k to physics sites worldwide 

D i g e s t news and features from the latest CERN Courier 

BfOWS6 through previous issues 

S e a r c h current qualityjob opportunities 

B o o k m a r k cerncourier.com today 

loP 
C E R N C o u r i e r October 1999 45 

http://www.physics.sunysb.edu/itp/jobs
mailto:jobforms@instl.physics.sunysb.edu
mailto:cct@po.cwru.edu
http://www.cerncourier.com
http://cerncourier.com


S p a l l a t i o n N e u t r o n S o u r c e P r o j e c t 

A C C E L E R A T O R ENGINEERS A N D SCIENTISTS 
The Spallation Neutron Source (SNS) Project at the Oak Ridge National Laboratory (ORNL) invites applications for positions in accelerator physics and engineering. The 
SNS is a Department of Energy joint venture project of five National Laboratories for the construction of the next-generation neutron scattering facility for the United 
States. The SNS is an approved construction project with Line Item funding starting in FY 1999, and a scheduled completion date in 2005. 

RF Engineers 
Will participate in engineering design, fabrication, installation, commissioning, and operations activities related to high power and low-level accelerator RF systems; 
develop and implement maintenance and improvement programs for reliable operations; and provide technical guidance related to preliminary and critical design plans, 
engineering change proposals, test plans, and integration issues. 

> 

Electrical Engineers 
Will participate in development of the electrical design for power supply systems, diagnostics, and other electrical components and provide technical guidance related 
to preliminary and critical design plans, engineering change proposals, test plans, and integration issues. 

Ion Source Group Leader 
Will manage and oversee construction, installation, and testing of ion sources and other low-beta transport and acceleration hardware for the SNS. Responsible for 
technical development activities for front-end accelerator equipment. Will also establish personnel needs, qualifications, and training and technical resource requirements 
for the Ion Source Group. 
Successful candidates must have an advanced degree in engineering or physical sciences or an equivalent combination of education and experience. A proven record of 
leadership of scientific staff required for Group Leader position. Prior experience in construction and operations of large-scale accelerator equipment desired for 
technical positions. Strong written and oral communication skills and the willingness to work as members of SNS team required. 
Qualified candidates should submit a curriculum vitae with a list of three or more references to: S e l e c t i o n C o m m i t t e e , A t t n P . H . M i l l e r , S N S P r o j e c t , P . O . B o x 2009 , 
D e p t . S N S - C E R N , O a k R i d g e , T N 37831-8218 o r e - m a i l t h o @ o r n l . g o v . P l e a s e r e f e r e n c e j o b t i t l e w h e n a p p l y i n g . A p p l i c a t i o n s w i l l b e a c c e p t e d u n t i l t h e 
p o s i t i o n s a r e f i l l e d . 

For more information visit our internet site at 

http://www.ornl.gov/sns/ 
ORNL, a multipurpose research facility managed by Lockheed Martin Energy Research Corporation for the U.S. Department of Energy, is an equal opportunity 
employer committed to building and maintaining a diverse workforce. 

SNS 
SPALLATION NtUTRON SOURCE 
^ <"() ^ 

D o n ' t L o s e Y o u r T e c h n i c a l E d g e ... 
Attend the premier annual symposium on materials, surfaces, interfaces, and processes! 

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

Eight technical division programs will be held on 
issues related to films, microelectronics, nanostructures, 
processing, surfaces, and vacuum, including: 
• 
• 

• 
• 
• 
• 
• 

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

In addition, the week-long annual symposium will feature: 

Three Technical Croup Programs 
• Biornaterial Interfaces. 
• Magnetic Interfaces and Nanostructures. 
• Manufacturing Science and Technology. 

Four Topical Conferences 
• Emerging Opportunities and Issues in Nanotubes 

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

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

and Properties. 

1 5 0 + Exhibitors 
• Vacuum and Deposition Equipment. 
• Analysis Systems. 
• Vacuum-Related Services. 

For more information on the symposium, 
visit the AVS Web site at http://www. 
vacuum.org or contact the AVS, 
212-248-0200, fax 212-248-0245, 
e-mail avsnyc @vacuum.org. S E A T T L E 

mailto:tho@ornl.gov
http://www.ornl.gov/sns/
http://www
http://vacuum.org
http://vacuum.org


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

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 F lange™, 
the aluminium flange with a 
conventional stainless steel 
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 
The Old Dairy, Glynde 
East Sussex BN8 6SJ 
United Kingdom 
Tel:+44 (0)1273 858585 
Fax: +44(0)1273 858561 

sales@caburn-mdc.co.uk 
www.caburn-mdc.co.uk 

N o w you can utilise the dynamic physical properties of 
aluminium vacuum chambers and components 

( 5 1 / 2 times the thermal conductivity and 24 times the 
thermal diffusivity of stainless steel 

O Ultimate vapour pressures in the order of 10 1 3 mbar 

C) Non-magnetic 

• Low Z, low residual radioactivity, short half life 

C Low photon stimulated desorption of: 
H 2 CO C 0 2 CH 4 H 2 0 

( Low thermal emissivity 

O Readily machinable . 
5 ^ ' 

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


450NM 650NM 

/ G a A s P photocathode detector \ 
/ Hamamatsu technology . 4 \ 
I has made G a A s P (gallium arsenide phosphide) 1 

/ photocathode a reality. 
/ * G a A s P photocathode h o w delivers quantum efficiency 
as high as 45% over a broad spectral range from 450nm to 650nm 

T h i s incredible performance 
makes G a A s P photocathode a surefire choice 

for use in new photodetectors. 
Count on new G a A s P photocathode technology 

from Hamamatsu to produce the 
# "Ideal Photodetectors" • * t . 
in scientific and industrial fields. 

• 

300 400 500 600 *700 
* ' W A V E L E N G T H { n m ) 

G a A s P p h o t o c a t h o d e C o m p a c t H P D 

H A M A M A T S U P H O T O N I C S K.K. . Electron Tube Center http: //www.hamamatsu. com 
314-5 Shimokanzo, Toyooka-v i i lage, Iwata-gun, Shizuoka-ken, 438-0193 Japan , TEL:81-539-62-5248 FAX:81-539-62-2205 

United Kingdom:Hamamatsu Photonics UK Limited. TEL:{44)208-367-3560 FAX:{44)208-367-6384 
North Europe: Hamamatsu Photonics Norden A B . TEL:{46)8-509-031-00 FAX:{46)8-509-031-01 

Italy: Hamamatsu Photonics Italia S.R.L. TEL: (39) 2-935 81 733 FAX:{39) 2-935 81 741 

U.S.A.: Hamamatsu Corporat ion. TEL:(1)908-231-O960 FAX;(1)908-231-1218 
Germany: Hamamatsu Photonics Deutschiand G m b H . TEL:(49)8152-3750 FAX:(49)8152-2658 
France: Hamamatsu Photonics France S.A.R.L. TEL:(33) 1 69 53 71 00 FAX;(33) 1 69 53 71 10 

Switzerland: C E R N Liaison Office TEL:(41)31/879 70 70 FAX:(41)31/879 18 74 

http://www.hamamatsu

