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NEWS 
C E R N 

CERN Council sets the stage for the LHC 
T h e C E R N Counci l has nominated Robert 
Aymar , director of the International 
Thermonuc lea r Exper imental Reactor 
( ITER) , to succeed Luciano Maiani as 
the laboratory 's director-general, to take 
office on 1 January 2004. Aymar , w h o 
will serve a 5 year te rm, will oversee the 
start-up of C E R N ' s current major project, 
the Large Hadron Coll ider (LHC) in 
2007 . He was previously with the French 
Atomic Energy Commiss ion ( C E A ) , and 
directed the Tore Supra - one of the 
wor ld 's largest tokamaks , based on 
superconduct ing toroidal m a g n e t s -
f rom its design in 1977 through to its 
operat ion in 1988. He is famil iar with the 
chal lenges presented by the LHC project, as 
he chaired the External Rev iew Commi t tee 
that w a s s e t u p in December 2001 in 
response to the increased cost to complet ion 
of the LHC. Comment ing on his appointment , 
A y m a r sa id : "I am very honoured by this deci
s ion , and I thank the Counci l members for the 
conf idence put in me. C E R N is a prest igious 
institution; I will fol low the good examples set 
by my predecessors , and with the help of the 
C E R N staff, col laborators and suppor ters , I 
hope to be able to provide the institution with 
a future as brilliant and successfu l as it 
dese rves . " 

T h e LHC is now the main focus of activity at 
C E R N , as componen ts for the accelerator 
arrive at the laboratory f rom around the wor ld . 

The LHC magnet test hall -
scientists work at CERN. 

one area where Indian 

Counci l secured the future of the LHC project 
by unan imous ly endors ing the new Basel ine 
Plan for 2 0 0 3 - 2 0 1 0 , based on a revision of 
the 1996 f inancial f ramework for the LHC, 
which conf i rms the target of commiss ion ing 
the LHC in April 2007. Most of C E R N ' s 
resources will be commit ted to the project, 
leaving only a very limited non-LHC 
programme. In the plan, overall cost-to-
complet ion budgets ( including materials and 
personnel costs, as well as a cont ingency) are 
set for the construct ion of the LHC and for 
C E R N ' s share of detector construct ion. 

With the activit ies surrounding the LHC, 
C E R N ' s communi ty of scientific users has 
grown to compr ise about half of the wor ld 's 
exper imenta l particle physicists, with nearly a 
third coming f rom outside the C E R N member 

states. India has been an act ive partner 
for many years , and in the December 
meet ing, Counci l granted the country 
observer status. In the past, India has 
contr ibuted equ ipment and technical 
t eams to LEP, the PS injector complex 
and f ixed-target exper iments. This effort 
w a s formal ized in a co-operat ion agree
ment in 1991, extended in 2001 f o r a 
further decade . T h e n , in the f ramework 
of the 199ff protocol s igned with the 
Indian Depar tment of Atomic Energy, 
India became one of the first non-
member states to make signif icant 
contr ibut ions to the LHC. Indian sc ien

tists are also va lued members of the ALICE 
and CMS col laborat ions, and Indian IT exper
tise is being put to good use in GRID 
comput ing projects. 

Recogniz ing the increasingly global nature 
of particle phys ics, and C E R N in particular, 
Counci l also agreed to create an associate 
status for non-European states that wish to 
make more substant ia l contr ibut ions to 
C E R N ' s activit ies. T h e new status wou ld pro
v ide a closer partnership, including 
participation by right in CERN 's activit ies, 
eligibility of nat ionals for appointments at 
C E R N , and ent i t lement of f i rms in the assoc i 
ate state to bid for C E R N contracts. An 
associate state wou ld contr ibute to funding at 
C E R N through an annual contr ibut ion, but at a 
lower level than a member state. 

K E K 

Records tumble at 
KEKB and Belle 
Like all exper imental groups around the wor ld , 
the Belle col laborat ion at Japan ' s KEK labora
tory is a lways pushing for higher luminosity, 
and for the past couple of years the KEKB 
accelerator team has responded with succes
sive improvements both in hardware and in 
beam tuning. T h e latest ach ievement came in 
October 2002 , when Belle had accumula ted 
an integrated luminosity of l O O f b - 1 - a tally 
that no single coll ider exper iment has previ
ously ach ieved . 

At the s a m e t ime, KEKB notched up several 
mi lestones itself, with a beam current in the 
high-energy (e lectron) ring of 1006 mA, a 
peak luminosity of 82.56 x 1 0 3 2 c m " 2 s " 1 , and 
integrated luminosit ies of 149.1 p b - 1 in an 
8 h shift and 433.7 p b " 1 in a day. T h e s e num
bers show that KEKB is still steadi ly 

A large crowd gathered to celebrate the 
Belle experiment's first 100 inverse 
femtobarns. Seated front (left to right): KEK 
director-general Hirotaka Sugawara and 
Nobel prize winners Masatoshi Koshiba and 
Burton Richter. 

progressing towards its design luminosity of 
l O ^ c m - V 1 . 

T h e t eams f rom KEKB and Belle, together 
with many others, celebrated these ach ieve
ments on 28 October , and were toasted by 
two Nobel prize w inners - Professor 
Masatoshi Kosh iba, w h o shared last year 's 
Nobel Prize for Phys ics, and Professor Burton 
Richter, w h o w o n the prize in 1976 and w a s 
visit ing KEK. 
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T E R A H E R T Z L I G H T 

JLab generates high-power terahertz light 
At the Jef ferson Laboratory (JLab) in Virginia, 
U S , a mult i laboratory team using beams of 
relativistic electrons has generated broadband 
terahertz radiation at nearly 20 W average 
power, several orders of magni tude higher 
than any other source. T h e terahertz band - at 
the far-infrared interface between electronics 
and photonics - has drawn increasing at ten
tion in the past decade , despite the lack of 
h igh-average-power sources. T h e team 
reported its demonstrat ion of high power in 
the 14 November edit ion of Nature. 

T h e terahertz work is a spin-off f rom the 
superconduct ing radiofrequency ( S R F ) elec
tron accelerator central to JLab ' s mission of 
probing the quark structure of nuclei (CERN 
Courier May 2002 p l 9 ) . In a news c o m m e n 
tary accompany ing the Nature report, Mark 
Sherwin of the Center for Teraher tz Sc ience 
and Techno logy at the Universi ty of Cali fornia, 
Santa Barbara, wrote that the high-power 
demonstrat ion has "opened the door to new 
invest igat ions and appl icat ions in a wide 
range of discipl ines". 

Teraher tz imaging could reveal interesting 
features of the many materials with distinct 
absorpt ive and dispersive propert ies in this 
spectral range, which cor responds reveal ingly 
with b iomolecular v ibrat ions. T h e demonst ra 
t ion source wou ld al low full-field, real-time 
imaging of the distribution of specif ic proteins 
or water in t issue, or buried metal layers in 
semiconductors . High-peak and average-
power terahertz sources are also critical for 
driving new nonl inear p h e n o m e n a , and for 
pump-probe studies of dynamica l propert ies 
of materials. 

Non-ionizing terahertz radiation can pass 
through clothing, paper, cardboard , w o o d , 
masonry , plastic and ceramics. It can pene
trate fog and clouds. Since the light cannot 
penetrate metal or water, it cannot be used to 
inspect seagoing cargo containers or diag
nose condi t ions deep inside the human body. 
However , eventual appl icat ions could include 
better detect ion of concealed w e a p o n s , hid
den explosives and land mines; improved 
medical imaging and more product ive s tudy 
of cell dynamics and genes; real-time "finger
printing" of chemical and biological terrorist 
materials in enve lopes, packages or air; better 

Left to right: Gwyn Williams, George Neil and 
demonstration experiment 

character izat ion of semiconductors ; and 
widening the f requency bands avai lable for 
wireless communica t ion . 

Wh icheve r appl icat ions may ult imately 
material ize, many will require high-average-
power b roadband terahertz light. Free-electron 
lasers (FELs ) and fast d iodes can produce 
useful quanti t ies of narrow-band light. 
Therma l sources and tabletop laser-driven 
sources can produce broadband terahertz at 
low average power. T h e JLab exper imenters 
produced high-average-power broadband 
emiss ion f rom subp icosecond electron 
bunches in the JLab FEL's unique SRF "dr iver" 

Kevin Jordan of JLab's high-power terahertz 

accelerator - a smal l , energy-recover ing, high-
current cousin of the 6 GeV CEBAF, the SRF 
accelerator that serves JLab ' s nuclear and 
particle physics users. 

Unlike most l inear accelerators ( l inacs) , the 
JLab FEL 's driver linac operates at a very high 
repetit ion rate - up to 75 MHz - using SRF 
cavit ies and recover ing the energy of the 
spent electron bunches , so that the average 
current is orders of magni tude higher than in 
convent ional l inacs. This energy-recovery linac 
(ERL) runs with beam current up to 5 mA, 
compared with only 200 ^xA in CEBAF. T h e 
linac typif ies the widen ing transdiscipl inary 
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DESY and SIAC agree to collaborate on 
X-ray free-electron laser development 

applicabil i ty of smaller accelerators (CERN 
Courier October 2002 p46) . In 1999, it pro
v ided the first substantial proof of the ERL 
principle, which is now being incorporated in 
or envis ioned for machines wor ldwide (CERN 
Courier Janua ry /Feb rua ry 2002 p l 5 ) . 

JLab 's Gwyn Wil l iams conceived and led 
the high-power terahertz demonstrat ion experi
ment, which took place during late 2001 and 
involved researchers f rom J L a b , Brookhaven 
National Laboratory and Lawrence Berkeley 
National Laboratory. T h e y generated the light 
as synchrotron radiation f rom very short elec
tron bunches (500 fs) that were accelerated 
to the relativistic energy of 40 MeV and then 
t ransversely accelerated by a magnet ic f ield. 
Because the electron bunch d imens ions are 
smal l - in particular, the bunch length is less 
than the wavelength of observat ion - the 
exper imenters obtained multiparticle coherent 
enhancement . 

Their demonstrat ion of high-power terahertz 
radiation (also called T-rays, T-light o rT - lux ) 
adds a new dimension to Science magazine 's 
16 August report, in an article called 
"Reveal ing the Invisible", that "much research 
is being directed toward the deve lopment of 
T-ray sources and detectors." Tochigi Nikon 
Corporat ion and Terav iew (a Cambr idge, UK, 
start-up associated with Tosh iba) have begun 
commercial iz ing low-power terahertz sys tems. 
A few hospitals are testing comparat ive ly dim 
terahertz light for detect ing skin cancer. 
Daniel M Mitt leman of Rice University says 
that for low-power terahertz light, "perhaps the 
most promising appl icat ions lie in the area of 
quality control of packaged goods . " He illus
trates by showing how the light can check the 
raisin count in boxes of raisin bran. D r X i -
Cheng Zhang, a terahertz expert at Rensselaer 
Polytechnic Institute, predicts that "the future 
'killer application'...wil l be in b iomedic ine." 

These deve lopments , s tatements and pre
dict ions were made when terahertz average 
power was still measured in mill iwatts, not the 
tens of watts now demonst ra ted, or the still 
higher power that is expected. Never theless, 
the terahertz region still consti tutes a gap in 
the sc ience and technology of light - a region 
of the electromagnet ic spect rum remaining to 
be better understood, and much better 
exploi ted. With commiss ion ing of the 10 kW 
JLab FEL upgrade under way , Wil l iams and his 
col leagues are planning an even higher-power 
terahertz beamline for further at tempts to 
contr ibute toward those ends. 

Germany ' s DESY laboratory in Hamburg and 
SLAC in Stanford, US, have formally agreed 
to pool resources for the deve lopment and 
promot ion of X-ray free-electron lasers. At a 
ceremony at the Department of Energy in 
Wash ing ton , DC on 1 November 2002 , the 
directors of the two laboratories s igned a 
m e m o r a n d u m of understanding describing 
the exchange of personnel , equipment , 
research results and data, as well as know-
how. The aim is to accelerate and contr ibute 
to the scientif ic programmes of SLAC 's 
Linac Coherent Light Source (LCLS) project 
and D E S Y ' s T E S L A X - R a y Free-Electron Laser 
(TESLA-XFEL) , wh ich , according to current 
planning, will start operation in 2008 and 
2011 respectively. The first step will be the 
shar ing of results from small pilot facilities 
already under construction in Stanford and 
Hamburg. 

Comment ing on the agreement , SLAC 
director Jona than Dorfan said: "International 
col laborat ion is the most efficient, respons i 
ble and cost-effective way of building 
world-class science facilities. There is already 
dynamic col laboration between SLAC, DESY 
and the KEK laboratory in Japan on research 

Jus t over a year ago, an accident at the 
Superkamiokande detector in Japan brought 
neutr ino exper iments there to a temporary 
conclusion (CERN Courier May 2002 p7) . 
S o m e 60% of the detector 's 11200 photo-
multipliers were dest royed. However , the 
installation of 5200 new photomult ipl iers is 
now complete , and data-taking resumed on 
8 October 2002 . 

The instalment of photomult ipl iers was 
complete by the end of September , al lowing 
the detector to be refilled with water starting 
on 3 October. Data-taking resumed as soon 
as the first row of photomult ipl iers was 
immersed , and the refill was complete by mid-
December . 

T o prevent a similar accident f rom happen
ing again, the new photomult ipl iers have been 

At the signing ceremony in Washington were 
(left to right) chair of the DESY directorate 
Albrecht Wagner, SLAC director Jonathan 
Dorfan and DESY research director Jochen 
Schneider. 

and deve lopment for a future high-energy 
physics linear collider. Today ' s agreement 
establ ishes stronger bonds between interna
tional centres of excel lence." 

Albrecht Wagner , chai rman of the DESY 
board of directors, said he is "del ighted by 
this col laborat ion. Both projects will be 
enr iched and accelerated by the first-class 
personnel and accumulated expert ise at both 
laboratories." 

The Superkamiokande detector - taking data 
again after an accident destroyed over half 
of its photomultipliers in November 2001. 

encased in rigid bubbles. Their faces are 
covered with t ransparent acrylic, whi le the rest 
is made of f ibre-reinforced plastic. 

N E U T R I N O S 

Superkamiokande resumes operation 
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J A P A N 

J-PARC project 
is inaugurated 
While Japan ' s KEK laboratory was celebrat ing 
the ach ievements of its B-factory (p5 ) , just 
70 km away in Toka i , the official inaugurat ion 
of the Japan Proton Accelerator Research 
Complex (J -PARC; formerly called the Japan 
Hadron Facility) was taking place. This is a 
joint project between KEK and the Japan 
Atomic Energy Research Institute. 

An inaugural lecture on the scope of sci
ence in the 21st century was given by former 

Akito Arima (left) and Shoji Nagamiya speaking at the inauguration of J-PARC last October. 

University of Tokyo president Akito Ar ima, who 
was also Japanese Minister of Educat ion, 
Sc ience, Sports and Culture. J -PARC project 

director Shoji Nagamiya described the status of 
the project. Funding for J -PARC was secured in 
2001 , and cons twc t ion began in June 2002. 

S U P E R C O N D U C T I N G R F 

LANL develops bespoke cavities for low-energy applications 

The Los Alamos spoke cavity in section (left) and assembled. The cavity's diameter is 40 cm. 

Superconduct ing (SC) RF cavit ies are becom
ing c o m m o n in accelerators for high-energy 
and nuclear physics, and the technologies 
needed to obtain high fields and high-quality 
factors in elliptical cavit ies for electron accel
eration have come close to maturity, for 
example in t h e T E S L A project. However , 
because mechanical weakness causes some 
difficulty in adopt ing elliptical cavit ies for 
lower-velocity particles, there is a demand for 
developing different types of SC cavit ies, in 
particular to reduce the costs of future low-
energy facilities, such as spallat ion neutron 
sources, rare isotope accelerators, and accel
erator-driven waste t ransmutat ion sys tems. 

One of the promising candidates is the 
spoke cavity, invented in the late 1980s by 
Jean Delayen and Ken Shepard at the 
Argonne National Laboratory. With this, it is 
easier to extend the accelerat ion length of 

half-wave coaxial resonators by adding more 
spokes in one cavity. A benefit is that for the 
same f requency a spoke cavity is about half 
the size of an elliptical one; conversely, a 
spoke cavity would operate at half the fre
quency of an elliptical cavity of similar size. 
This increases the active length by a factor of 
two, and al lows an operating temperature of 
4.5 K, with resulting savings in the installation 
and operat ing cost of the cryoplant. 

In 2002 , the Los A lamos National 
Laboratory (LANL) began developing spoke 
cavit ies as part of its Advanced Accelerator 
Appl icat ions ( A A A ) programme to develop 
technology for an accelerator-driven waste 
t ransmutat ion sys tem. The LANL team has 
designed a 350 MHz two-gap spoke cavity, 
with (3 (fraction of light veloci ty) = 0.175, and 
procured two cavit ies from the Italian firm 
Zanon SpA. T h e diameter of the cavity is 

The cavity's quality factor as a function of 
accelerating gradient at4K shows that the 
cavity exceeds design expectations. 

40 c m , the beam aperture is 5 cm and the 
accelerat ing length is 10 cm. The two cavit ies 
have reached 12.9 M V / m and 13.5 M V / m 
respect ively at 4 K, exceeding the present AAA 
design goal of 7.5 M V / m by up to 80%. This 
will help ach ieve the very high reliability 
required for the waste t ransmutat ion appl ica
t ion. Al though there are still issues to be 
d iscussed, such as drive couplers, multipact-
ing and higher-order modes , this result has 
encouraged the L A N L t e a m to strive for further 
deve lopment of mult ispoke cavit ies, which 
may also prove to be a cheaper and better 
option for med ium velocity ( ( 3 -0 .6 ) particles. 

An international workshop on the advanced 
design of spoke cavit ies was held at Los 
A lamos on 7 -8 October 2002 (see 
h t t p : / / l a a c g l . l a n l . g o v / s p o k e w k / ) . For further 
information about the spoke cavity work at 
LANL, see h t t p : / / l a a c g l . l a n l . g o v / s c r f l a b / . 
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N E T W O R K S 

Canadians set record for long-distance data transfer 
A Canadian team has succeeded in transfer
ring 1 TByte of data over a newly establ ished 
" l ightpath" extending 12 000 km from TR IUMF 
in Vancouver to CERN in Geneva in under 4 h 
- a new record rate of 700 Mbps on average. 
Peak rates of 1 Gbps were seen during the 
tests, which took place in conjunct ion with the 
iGRID 2002 conference held in Ams te rdam in 
late September . The previous record for a 
transatlantic transfer was 400 Mbps. 

The ach ievement is particularly notable 
because the data were transferred from "disk 
to disk", making it a realistic representat ion of 
a practical data transfer. The data started on 
disk at TR IUMF and ended up on disk at 
C E R N , where in principle they could be used 
for physics analysis. The data transferred were 
the result of Monte Carlo simulat ions of the 
ATLAS exper iment, being constructed at CERN 
to take data at the Large Hadron Collider. 

The transfer used a new technology for 
network data transfer, called a l ightpath. 
Lightpaths establ ish a direct optical link 
between two remote computers , essential ly 
posit ioning them in a "local-area network" 
that is anything but local. This avoids the 
need for more compl icated arbitration (or 
routing) of the network traffic. The link used 
here to connect TR IUMF and CERN is the 
longest-known single-hop network. 

G R I D C O M P U T I N G 

Karlsruhe Grid 
computing centre 
is inaugurated 

Les Robertson, leader of the LHC computing Grid project, takes the stand at the 
inauguration ofGridKa. To the left is FZK executive board member Reinhard Maschuw. 

The inauguration col loquium for the Grid 
Comput ing Centre Karlsruhe (Gr idKa) was 
held on 30 October at the Forschungszent rum 
Karlsruhe (FZK) . FZK hosts the German Tier 1 
centre for the Large Hadron Coll ider (LHC) 
exper iments (ALICE, A T L A S , CMS and LHCb) , 
as well as four other particle physics experi
ments (BaBar at the Stanford Linear 
Accelerator Laboratory, CDF and DO at 
Fermilab, and C O M P A S S at C E R N ) . 

To cope with the computat ional require
ments of the LHC exper iments, a wor ldwide 
virtual comput ing centre is being deve loped -
a global computat ional grid of tens of thou
sands of computers and storage dev ices. 
About one-third of the capacity will be at C E R N , 
with the other two-thirds in regional comput
ing centres spread across Europe, Amer ica 
and Asia. At the end of 2001 , the German 
HEP communi ty proposed FZK as the host of 
the German regional centre for LHC comput
ing, and as the analysis centre for BaBar, CDF, 
DO and C O M P A S S . FZK, a German national 
laboratory of similar size to C E R N , accepted 
the chal lenge and establ ished Gr idKa. 

After just nine months a mi lestone has 
been reached - more than 300 processors 
and about 4 0 T B y t e of disk space are avai l
able for physicists f rom 41 research groups of 
19 German institutes. The appl icat ion soft
ware of the eight exper iments, as well as grid 
middleware, has been instal led. BaBar was 
the pilot user and is still the main customer. 

CDF and DO have started to use GridKa for the 
analysis o fTeva t ron data. During the s u m m e r 
of 2002 , ATLAS and ALICE used the centre for 
their wor ldwide distributed data chal lenges. 
The University of Karlsruhe CMS group uses 
the centre for analysis jobs. 

On 29-30 October, the first GridKa users ' 
meet ing was held. On the first day, more than 
50 part icipants at tended tutorials about grid 
comput ing, the Globus toolkit, software of the 
European DataGrid project, and the ALICE grid 
env i ronment Al iEn. The second day cont inued 
with presentat ions on GridKa and the status 
and plans of the exper iments. An important 
contr ibut ion was a talk by CERN 's Ingo 
August in , w h o d iscussed the "European Data 
Gr id: First Steps towards Global Comput ing" . 

The highlight of the users' meet ing was the 
inaugurat ion col loquium for Gr idKa, with 
almost 200 representat ives f rom sc ience, 

industry and politics. After an introduction by 
Reinhard Maschuw of FZK, there were talks 
about grid comput ing by Hermann Schunck of 
the German Federal Ministry of Educat ion and 
Research , Marcel Kunze of FZK, Tony Hey 
represent ing the UKe -Sc ience Initiative, 
Siegfried Bethke of the Max Planck Institute in 
Munich, Michael Resch of the University of 
Stuttgart, Phil ippe Bricard of IBM France, and 
CERN 's Les Rober tson. The central theme of 
all of the talks was the convict ion that grid 
comput ing will b e a n important part of the 
comput ing infrastructure of the 21st century. 
The particle physics communi ty will drive the 
first large-scale dep loyment of a wor ldwide 
grid, which will have a signif icant impact on 
future scientific and industrial appl icat ions. 

For information about Gr idKa, see 
h t t p : / / g r i d . f z k .de /g r i d / . For the LHC Grid 
Comput ing Project, see h t t p : / / c e r n . c h / L C G / . 
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T E C H N O L O G Y T R A N S F E R 

UK boosts technology transfer support 

On the PPARC stand at the Britain at CERN exhibition are (left to right), Mike Doran, head of 
TT networks and strategy at CERN, Nathan Hill of Qi3, Lucy Miles, PPARC industry 
programme manager, John Attard of Qi3 and CERN's education and technology transfer 
division leader, Juan Antonio Rubio. 

During the past year, the UK's Particle Physics 
and As t ronomy Research Council (PPARC) has 
begun an innovative approach to strengthening 
technology transfer with C E R N . In September 
2001, the UK Office of Science and Technology 
awarded PPARC £200 000 (€300 000) to 
appoint a UK Techno logy Transfer Coordinator 
for C E R N . Th is role has been contracted to a 
Cambr idge and Oxford-based f i rm, Qi3 , whose 
task is to foster closer links between CERN 
and industry. T h e goal is to bring greater 
exploitation of science by encouraging wider 
and more rapid transfer of new ideas, prod
ucts and processes to UK business. 

CERN and PPARC share an interest in tech
nology transfer. Particle physics research 
naturally pushes existing technologies beyond 
customary limits and can lead to novel tech
nologies, so C E R N ' s member states have 
encouraged the laboratory to introduce an 
active technology transfer policy to demon
strate clear benefits f rom the research. 
Techno logy transfer is now an integral part of 
CERN 's miss ion, and is implemented via the 
Techno logy Transfer Service set up in 2000. 

One of the main object ives of PPARC's 
technology transfer work is to increase the 
return on its investment in C E R N , which cur

rently s tands at about £90 million per year. 
Money to suppor t the new initiative has been 
awarded f rom the UK's Public Sector 
Research Establ ishment (PSRE) fund. This has 
been possible because PPARC argued that as 
the UK has no national particle physics accel
erator facility, CERN is effectively the UK's 
PSRE in the area of high-energy physics. 

T h e Qi3 team of Nathan Hill, John Attard 
and David Rafe are now working to help UK 
businesses benefit f rom the diverse range of 
technologies deve loped by scientists at C E R N 
and the associated laboratories in UK univer
sities. Business partnerships, technology 
l icences and spin-out companies will all form 
routes to commercial izat ion for technologies 
deve loped at C E R N . T h e team has already 
started looking at several opportunit ies, 
including novel semiconductor packaging 
materials, h igh-speed imaging cameras, 
accelerator componen ts and cost improve
ments in the printed circuit board 
manufactur ing process. 

For information about this UK initiative, 
contact Qi3 (nathan.hi l l@qi3.co.uk or 
john.a t tard@qi3 .co.uk) . For information about 
CERN 's Techno logy Transfer Serv ice, see 
h t t p : / / w w w . c e r n . c h / t t d b . 
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PHYSICSWATCH 
Edited by Archana Sharma 

Can Schrodinger's cat learn 
advanced quantum tricks? 
Scientists from the University of Oxford, UK, 
and the University of Cali fornia, Santa 
Barbara, US, have designed a "Schrod inger 's 
cat" that would be the largest quantum 
mechanical object ever seen . The t e a m , led 
by Roger Penrose and Dik Bouwmeester , has 
proposed an exper iment that uses an interfer
ometer to split a light beam, with mirrors to 
reflect the two halves so that they recombine, 
their waves either adding together or can
celling. In the proposed exper iment, the 
two-fold path of each photon leads to a pair 
of mirrored cavit ies in which the photon is 
reflected back and forth. In one of these 
cavit ies, one mirror is just 10 \xm w ide and 
mounted on a canti lever such that it moves if 
a photon strikes it. This mirror is the cat. If the 

pho ton behaved classically it would just 
fol low one of the paths, but because it is a 
superposi t ion it fol lows both, s imul taneously 
making the mirror move and leaving it 
undis turbed. 

If this exper iment proves feasible, it would 
extend the validity of quantum mechanics by 
nine orders of magni tude - to an object the 
size of a blood cell. Previously, the largest 
objects that have shown quantum behaviour 
have been of the scale of the 70-atom bucky-
balls that were persuaded by Anton Zeil inger 
of the University of Vienna and his col leagues 
to behave in a quantum manner. 

Further reading 
C Seife 2002 Science 298 342 . 

Erwin Schrôdinger - is his cat about to come 
out of the box? (Pauli archive, CERN.) 
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Cosmic accelerator 
reveals hot spots 

ASTROWATCH 
Edited by Emma Sanders 

Gravitational lens sheds 
light on dark energy 
Observat ions of radio emiss ion f rom distant 
quasars have given new weight to the 
theory of dark energy - a kind of v a c u u m 
energy densi ty that changes the accelerat ion 
of the universe. 

Quasars are incredibly bright - they emit 
more light than 100 galaxies f rom a vo lume 
no larger than our solar sys tem. In the recent 
s tudy, radio as t ronomers searched for 
quasars that had been gravi tat ional ly 
lensed (Einste in 's theory of general relativity 
shows that the gravitat ional pull f rom 
mass ive objects is able to def lect rays of light 
as a lens does ) . 

The as t ronomers compared the number 
of gravitat ional ly lensed quasars with the 

Picture of the month 

number predicted from observat ions of 
intervening galaxies capable of lensing. From 
this they deduced that around two-thirds 
of the un iverse 's energy appears to be in 
the form of dark energy - wi thout the 
inf luence of dark energy, only about half the 
number of lensing events actual ly observed 
wou ld be s e e n . 

This is independent ev idence in support of 
dark energy, and conf irms previous analysis 
based on observat ions of supernovae and of 
the cosmic microwave background {CERN 
Courier J u n e 2001 p l l ) . The study was car
ried out using the MERLIN radio interferometer 
based at Jodrel l Bank, UK, the Very Large 
Array and the Very Long Baseline Array, US. Image showing particle jets at radio (left) 

and optical wavelengths. (ESQ, NRAO.) 

Radio galaxies are character ized by enormous 
jets, up to mil l ions of light-years across, 
shoot ing out charged particles at up to almost 
the speed of light. Bright spots of emission 
are seen at the end of the jets where the 
particles plough into the surrounding 
intergalactic med ium, deposit ing around 
1 0 4 4 e r g / s in energy. 

The exact details of where the particles 
reach such speeds and how they are 
accelerated are not clear. The Very Large 
Te lescope in Chile was used to observe radio 
galaxy 3C445 at optical and near-infrared 
wave lengths . T h e s e observat ions may help to 
shed some light on the problem. 

T h e jets of 3C445 extend outwards over 
1.5 mill ion l ight-years either side of the 
central galaxy. T h e new observat ions 
have been comb ined with previous 
observat ions at radio wave leng ths , and show 
the progression of different areas of 
accelerat ion a long the jet. The turbulent 
knots of emiss ion highlight the areas 
where part icles are acce lera ted, reaching 
energies that particle physicists can 
only d ream of. 

Reference 
M A Prieto etal. 2002 Science 298 193-195 . 

T h e planetary nebula known as "Litt le Ghos t " is the relic of a star wi th a simi lar mass to 
that of our own Sun . Af ter pass ing th rough the red giant s tage, the star expel led its outer 
layers into space to leave a faint ly g lowing nebula and the core of the dying star in the 
centre. Th is image was taken using the Hubble Space Te lescope . ( E S A / N A S A . ) 
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FERMILAB 

Looking forward to 
physics at Tevatron Run II 

It's taken a while, but the world's highest-energy accelerator is back. 
Fermilab's Tevatron proton-antiproton collider is once again exploring the 

high-energy frontier, with newly upgraded detectors and a physics programme 
that will address some of the biggest questions in particle physics. 

Spokespersons of the Fermi fab collaborations (left to right): 
Gerald Blazey and John Womersley of DO, and Alfred Goshaw 
and Nigel Lockyer of CDF. 

T e v a t r o n Run II is u n d e r w a y at Fe rm i lab , wi th u p g r a d e d de tec to rs 
a d d r e s s i n g s o m e of t he m o s t impo r t an t q u e s t i o n s in par t ic le 
p h y s i c s . W h a t is t he s t ruc tu re a n d w h a t a re t he s y m m e t r i e s of 
s p a c e - t i m e ? W h y is t he w e a k fo rce w e a k ? W h a t is c o s m i c dark 
mat ter? W h y is ma t te r -an t ima t te r s y m m e t r y not exac t? Until C E R N ' s 
Large H a d r o n Col l ider ( L H C ) tu rns o n , t he T e v a t r o n is t he wo r l d ' s 
on ly s o u r c e of top quarks . It is the on ly p lace w h e r e w e can direct ly 
search f o r s u p e r s y m m e t r y , for the Higgs b o s o n , and for s ignatures of 
add i t iona l d i m e n s i o n s of s p a c e - t i m e . A n d it is a lso t he m o s t l ikely 
p lace to direct ly o b s e r v e s o m e t h i n g tota l ly u n e x p e c t e d . 

Af ter a s o m e w h a t f rust rat ing yea r , recent p rogress w i th the acce l 
erator has been grat i fy ing. R e c o r d s are regular ly be ing b roken for 
peak and week l y luminosi t ies. T h e comp lex is now per forming wel l in 
e x c e s s of its Run I ( 1 9 9 2 - 1 9 9 5 ) bes ts , a n d is de l iver ing i nc reased 
energy ( 1 . 9 6 T e V ) . T h e s e i m p r o v e m e n t s have c o m e f rom wel l under
s tood mod i f i ca t ions , and the re is a deta i led p lan for t he next s teps . 

Four CERN scientists took part in the DOE's Tevatron review. 
Left to right: Francesco Ruggiero, Massimo Placidi, Flemming 
Pedersen and Karlheinz Schindl. 

A s S teve H o l m e s , Fermi lab 's assoc ia te d i rector for acce lera tors , has 
sa id : "The re is no si lver bul let to be f o u n d . " Rather, w e have to m a k e 
a large n u m b e r of 1 0 - 1 5 % i m p r o v e m e n t s ; H o l m e s no tes tha t 
( 1 . 1 5 ) 1 0 = 4 . T h e ma jo r a reas to be tack led are : t rans fer and acce l 
e ra t ion e f f i c ienc ies ; e m i t t a n c e d i l u t i on ; b e a m l i fe t imes in t he 
Teva t ron before acce le ra t ion ; and the role of long-range interact ions 
b e t w e e n the b e a m s . S ign i f i cant he lp f r om o ther labora tor ies a n d 
f rom phys ic is ts in o ther par ts of Fermi lab has a lso b e e n an impor
tant cont r ibu t ion . Fermi lab a n d C E R N h a v e se t up an e x c h a n g e pro
g r a m m e ; F rank S c h m i d t a n d F rank Z i m m e r m a n f r o m C E R N are 
he lp ing Run II to b e c o m e a s u c c e s s , a n d in the fu ture , Fermi lab will 
s e n d m a c h i n e phys ic is ts to C E R N to he lp wi th LHC commiss i on i ng . 

T h e C D F a n d DO de tec to rs a re bo th w o r k i n g we l l , e m p h a s i z i n g 
da ta - tak ing e f f i c iency , a n d a re reco rd i ng phys i cs -qua l i t y d a t a . 
P e r f o r m a n c e of t he t rack ing , c a l o r i m e t e r a n d m u o n de tec to r s is 
g o o d , a n d b e a m - i n d u c e d b a c k g r o u n d s are under cont ro l . C D F is > 
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n o w runn ing a t r igger for B -mesons us ing d i sp laced t racks f rom the 
s i l icon detec tor . Th i s is a f irst at a had ron col l ider, a n d has a l ready 
y i e l ded s o m e v e r y i m p r e s s i v e h e a v y f l avou r s a m p l e s . P rocess i ng 
the huge quant i t ies of data f rom m o d e r n expe r imen ts is a cha l lenge 
in itself, as is mak ing it ava i lab le to the large a n d w ide l y d is t r ibuted 
co l labora t ions . T h e r e is a natura l s y n e r g y b e t w e e n t h e s e cha l l enges 
a n d current ideas abou t " G r i d " compu t i ng (CERN Courier D e c e m b e r 
2 0 0 2 p 4 6 ) . Both C D F a n d DO are a l ready mak ing s o m e t h i n g like a 
Gr id a real i ty, us ing a Fe rm i l ab -deve loped da ta d is t r ibut ion s y s t e m 
ca l led S A M to s e n d thei r da ta ou t to thei r co l labora to rs . T h e y are 
a lso exp lo r ing w a y s for r e m o t e phys i c i s t s to ass is t in mon i to r i ng 
de tec to r opera t ions . 

P h y s i c s in R u n II 
T h e p h y s i c s goa l s of R u n II i n vo l ve d i rec t s e a r c h e s for as ye t 
u n k n o w n par t ic les a n d f o r ces , inc lud ing bo th t h o s e tha t are pre
d ic ted or expec ted ( l ike the H iggs b o s o n a n d s u p e r s y m m e t r y ) and 
t h o s e that w o u l d c o m e as a surp r i se . A t t he s a m e t ime , w e conf ron t 
t he S t a n d a r d Mode l t h rough p rec ise m e a s u r e m e n t s of t he s t rong 
in terac t ion, the quark -mix ing matr ix, a n d the e lec t roweak fo rce and 
propert ies of the W boson , the Z boson and the top quark. T h e exper i 
m e n t s a l r e a d y h a v e f irst resu l ts in all of t h e s e a r e a s . G i v e n the 
a m o u n t of da ta co l lec ted so far in Run II, t h e y are not ye t compe t i 
t ive wi th the results a l ready pub l i shed f rom Run I or the exper imen ts 
at C E R N ' s LEP e l e c t r o n - p o s i t r o n col l ider, but t hey s h o w tha t all the 
ana lys is too ls are in p lace a n d ready . 

A s the wo r l d ' s h ighes t -energy col l ider, t he T e v a t r o n is the mos t 
l ikely p lace to direct ly d i scove r a n e w part ic le or fo rce . W e k n o w the 
S tandard Mode l is incomple te ; theoret ica l ly the mos t popu la r ex ten
s ion is to m a k e it a part of a larger p ic ture ca l led s u p e r s y m m e t r y 
( w h i c h is a bas ic p red ic t ion o f s u p e r s t r i n g m o d e l s ) . H e r e e a c h 
k n o w n part ic le has a so- far u n o b s e r v e d a n d more m a s s i v e par tner , 
to wh i ch it is re lated t h rough a c h a n g e of sp in . If it ex is ts , t he light
est s u p e r s y m m e t r i c part ic le w o u l d be s tab le , a n d v a s t n u m b e r s of 
t h e m w o u l d p e r v a d e t he u n i v e r s e , exp la i n i ng t he a s t r o n o m e r s ' 
o b s e r v a t i o n s of da rk mat te r . T h e T e v a t r o n is t h e on l y p lace n o w 
ava i lab le to di rect ly s e a r c h for s u p e r s y m m e t r y . In Run II, t he oppor 
tun i t ies for d i s c o v e r y inc lude s q u a r k s a n d g lu inos , in f inal s ta tes 
w i th miss ing ene rgy ( E T

m i s s ) a n d je ts ( a n d l e p t o n ( s ) ) ; cha rg inos and 
neut ra l inos t h rough mul t i lep ton f inal s ta tes ; g a u g e - m e d i a t e d S U S Y 
in E T

m i s s + p h o t o n ( s ) c h a n n e l s ; s top a n d s b o t t o m ; a n d R-parity v io 
lat ing m o d e l s . S e a r c h e s for o the r n e w p h e n o m e n a inc lude lepto-
q u a r k s , di jet r e s o n a n c e s , n e w h e a v y W a n d Z ' b o s o n s , m a s s i v e 
s tab le par t ic les, a n d m o n o p o l e s . 

T h e Teva t ron a l lows us to exper imenta l l y test the new and exci t ing 
idea tha t grav i ty m a y p ropaga te in m o r e t h a n fou r d i m e n s i o n s of 
s p a c e - t i m e . If the re are extra d i m e n s i o n s tha t are o p e n to grav i ty , 
bu t not to the o ther par t ic les a n d f o r ces of t he S t a n d a r d M o d e l , 
t h e n w e cou ld not pe rce i ve t h e m in ou r e v e r y d a y l ives. H o w e v e r , 
part ic le phys i cs expe r imen ts at t he T e V sca le cou ld s e e s igna tu res 
s u c h as a quark or g luon je t recoi l ing aga ins t a g rav i t on , or indirect 
ind icat ions like an inc rease in h igh-energy e lect ron-pai r p roduc t ion . 
T h e s e s tud ies use the T e v a t r o n to l i terally m e a s u r e the s h a p e and 
s t ruc ture of s p a c e - t i m e . 

Wh i le it is g o o d to be gu ided by t heo ry , o n e s h o u l d a lso rema in 

Jets in the DO detector are a clear sign that everything is 
working as it should. 

o p e n to the u n e x p e c t e d . T h e r e f o r e bo th e x p e r i m e n t s h a v e d e v e l 
o p e d quas i -mode l - i ndependen t ( s i gna tu re -based ) s e a r c h e s , w h i c h 
look for s igni f icant dev ia t ions f rom the S t a n d a r d Mode l . In the Run k 
dataset , no signi f icant ev idence for new phys ics w a s f o u n d . Pe rhaps 
revea l ing di f ferent psycho log ies , DO has quant i f ied its a g r e e m e n t 
wi th the .S tandard Mode l at the 8 9 % c o n f i d e n c e leve l , wh i le C D F 
has prefer red to h ighl ight s o m e potent ia l a n o m a l i e s as wor th pur
su ing ear ly in Run II. 

T h e exper iments have a l ready e m b a r k e d on a n u m b e r of s e a r c h e s 
us ing Run II da ta . W o r k has s ta r ted on unde rs tand ing the E T

m i s s dis
t r ibu t ion in mul t i je t e v e n t s as a p r e l u d e to s q u a r k a n d g lu ino 
s e a r c h e s ; t r i lepton c a n d i d a t e s are a lso be ing a c c u m u l a t e d . A t D O , 
a g a u g e - m e d i a t e d S U S Y s e a r c h has se t a l imit on the c ross sec t ion 
for p p ^ E T

m i s s + YY- A l so at D O , v i r tual e f fects of extra d i m e n s i o n s 
are be ing s o u g h t in e + e " , a n d yy f inal s ta tes , and l imits on the 
sca le of n e w d i m e n s i o n s at the 0.9 T e V level can a l ready be set . A 
sea rch for l ep toquarks d e c a y i n g to e lec t ron + je t has b e e n carr ied 
out. S o far, n o n e of the c ross sec t i ons or m a s s limits is bet ter t h a n 
pub l i shed Run I resul ts , but it s e r v e s as a demons t ra t i on tha t t he 
p ieces are all in p lace . 

In the S t a n d a r d M o d e l , t he w e a k fo rce is w e a k b e c a u s e the W 
and Z b o s o n s in teract w i th a f ield ( the H iggs f ie ld) tha t p e r m e a t e s 
the un ive rse . Th i s s a m e f ield g i ves m a s s e s to all the f u n d a m e n t a l 
f e rm ions . It s h o u l d be poss ib le to exc i te th is f ield and o b s e r v e its 
quanta - the long sought-af ter Higgs b o s o n . It is the last p iece of the 
S t a n d a r d M o d e l , a n d a lso the key to unde rs tand ing a n y b e y o n d -
the -S tandard -Mode l phys i cs like s u p e r s y m m e t r y . F ind ing it is a v e r y 
high priority. Right now , w e are d e v e l o p i n g the f ounda t i ons n e e d e d 
for H iggs phys i cs in Run II: g o o d je t reso lu t ion ; high b-tagging a n d 
t r igger e f f i c ienc ies ; a n d a g o o d u n d e r s t a n d i n g of all t he back
g rounds . O n e a rea tha t can be a t tacked wi th relat ively m o d e s t lumi
nosi t ies in 2 0 0 3 is to s e a r c h for o n e or m o r e of the e x t e n d e d su i te 

14 C E R N Cou r i e r January/February 2003 



FERMILAB 

On the way to rediscovering top - a top-quark candidate event 
in the CDF detector. 

of H iggs b o s o n s tha t a re p r e d i c t e d in s u p e r s y m m e t r i c m o d e l s . 
A s s o c i a t e d p roduc t ion of a S U S Y H iggs toge the r wi th a bb pair is 
e n h a n c e d at high tan(3, a n d w e will be ab le to i m p r o v e on p resen t 
l imits wi th on ly a f e w h u n d r e d inve rse p i cobarns . 

In Run II, w e will c o m p l e m e n t ou r d i rect s e a r c h e s for n e w phe
n o m e n a wi th indirect p robes . N e w part ic les a n d fo rces c a n be s e e n 
indirectly th rough their effects on e lec t roweak obse rvab les . T h e tight
es t cons t ra in t s wil l c o m e f r o m i m p r o v e d d e t e r m i n a t i o n of t he 
m a s s e s of the W b o s o n a n d the top quark . Both e x p e r i m e n t s n o w 
h a v e pre l iminary resul ts f rom thei r Run II s a m p l e s of W a n d Z cand i 
da tes . T h e y have m e a s u r e d the c ross sec t ions a t t h e T e v a t r o n ' s new 
cent re of m a s s ene rgy of 1.96 T e V a n d used the ratio of the W to the 
Z t o indirect ly ext ract the W w i d t h . C D F has a lso t aken a first look at 
t h e f o r w a r d - b a c k w a r d a s y m m e t r y in e V p r o d u c t i o n in R u n II. 
Cur rent ly , the W m a s s is k n o w n to be m w = 80 4 5 1 ± 3 3 M e V ; the 
m e a s u r e m e n t is d o m i n a t e d by L E P da ta . Ou r Run I resul ts f ixed the 
W m a s s at the 60 M e V leve l , but it will take a Run II da tase t of order 
l f b " 1 be fore w e can s ign i f icant ly imp rove the wor ld k n o w l e d g e of 
m w - not a shor t - term prospec t . G i v e n 2 f b " 1 w e will be ab le to dr ive 
the uncer ta in ty d o w n to the 2 5 M e V level per expe r imen t , wi th an 
ul t imate capabi l i ty of 15 M e V per expe r imen t . 

T h e T e v a t r o n col l ider is the wo r l d ' s on ly s o u r c e of top qua rks . T h e 
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top quark w a s d i s c o v e r e d by C D F a n d DO in 1995 on the bas is of a 
few t ens of e v e n t s - t h e y are n o w gear ing up to s tudy top qua rks in 
t he t h o u s a n d s . T h e t o p is t h e h e a v i e s t k n o w n qua rk a n d , a l o n e 
a m o n g qua rks , c o u p l e s s t rong ly to the Higgs . W e n e e d to tes t its 
p rope r t i es a n d d e c a y s w i th su f f i c ien t p rec is ion to con f i rm t h e 
S tanda rd Mode l - is the t op real ly t o p ? Here w e can look fo rward to 
s ign i f i can t i m p r o v e m e n t s in t he s h o r t t e r m , b e c a u s e t he R u n I 
da tase t w a s s o stat is t ica l ly l imi ted. Bo th DO a n d C D F are on the 
road to " red i scove r i ng " t op for t he sp r ing 2 0 0 3 c o n f e r e n c e s , a n d 
both e x p e r i m e n t s h a v e c a n d i d a t e e v e n t s . Per inverse f e m t o b a r n , 
w e wil l co l lec t r ough l y 5 0 0 b- tagged top-pa i r e v e n t s in t he lep-
ton + j e t s f inal s ta te . A s we l l a s i m p r o v i n g t he c ross -sec t i on a n d 
m a s s m e a s u r e m e n t s , w e will look for t o p - a n t i t o p sp in cor re la t ions 
w h i c h can tell us if the top is real ly t he s p i n - 1 / 2 ob jec t it s h o u l d 
be , a n d o b s e r v e s ing le t op p roduc t ion ( w h i c h a l lows a mode l - inde
penden t m e a s u r e m e n t of the C a b i b b o - K o b a y a s h i - M a s k a w a ( C K M ) 
quark mix ing matr ix e l e m e n t | V t b | ) . tfew t e c h n i q u e s are a lso be ing 
d e v e l o p e d : D O h a s a n e w , p re l im ina ry d e t e r m i n a t i o n of t he t o p 
m a s s f rom Run I da ta that uses m o r e in format ion per even t , ob ta ins 
a bet ter d i sc r im ina t ion b e t w e e n s igna l a n d b a c k g r o u n d t h a n t he 
pub l i shed 1998 ana lys i s , a n d i m p r o v e s the stat ist ical error e q u i v a 
l e n t ^ to a fac tor 2.4 inc rease in the n u m b e r of even ts . Run II will 
a lso test beyond - the -S tanda rd -Mode l theo r ies tha t predict unusua l 
top propert ies, s ta tes decay ing into top , a n d anoma lous l y e n h a n c e d 
s ing le top p roduc t i on . 

T h e mix ing be tween the th ree genera t ions of quarks results in s u b 
tle v io la t ions o f t he so-ca l led C P s y m m e t r y re lat ing par t ic les a n d 
ant ipar t ic les. U n d e r s t a n d i n g th is s y m m e t r y will help to exp la in w h y 
the un ive rse is f i l led wi th mat ter , not ant imat ter . In the d e c a y s of 
B-mesons, these s y m m e t r y v io lat ions can be large, and so B-hadrons 
h a v e b e c o m e an impor tan t labora to ry to exp lore the "uni tar i ty tri
ang le " , w h i c h re lates the e l e m e n t s of the C K M quark-mix ing matr ix. 
In Run II, w e w a n t to con f ron t t he C K M matr ix in w a y s tha t are c o m 
p lemen ta ry to the e l e c t r o n - p o s i t r o n B-factor ies. CP v io lat ion is n o w 
es tab l i shed in t he B s y s t e m t h r o u g h t he d e c a y B d ̂  J / x p K s . T h e 
m e a s u r e d mix ing ang le is cons is ten t w i th the S t a n d a r d M o d e l , but 
c a n n o t exc lude n e w phys i cs by itself. T h e BaBar and B E L L E exper i 
men ts can a n d will do m u c h m o r e wi th the i r da ta , but the T e v a t r o n 
can un ique ly a c c e s s t he B s m e s o n , w h i c h is not p r o d u c e d at t he 
B- factor ies, a n d h a s t h e r e f o r e b e e n ca l l ed t he "E l D o r a d o " fo r 
hadron col l ider B-phys ics . By m e a s u r i n g the mix ing rate b e t w e e n B s 

and B s , w e can de te rm ine the length of o n e of the s ides of the un i 
tari ty t r iangle a n d c o m p l e m e n t the B-factor ies' m e a s u r e m e n t s of its 
ang les . C D F expec t s to be sens i t i ve to S t a n d a r d Mode l mix ing wi th 
a f e w h u n d r e d inverse p i coba rns . It will a lso be interest ing to s e e if 
the re is s i zeab le C P v io la t ion in B s ^ J / i p ( j ) ( it is e x p e c t e d to be 
s m a l l ) ; wh i l e t h e d e c a y B S ^ K K at t h e T e v a t r o n c o m p l e m e n t s 
B d j t j t tha t is m e a s u r e d at the B-factor ies. T o g e t h e r t hey can pin 
d o w n the t r iangle ang le y. T h e r e are m a n y o ther oppor tun i t ies , s u c h 
as A b p roper t i es a n d s e a r c h e s fo r rare d e c a y s . C D F a l r e a d y has 
mos t impress ive resul ts f r om Run II, bu i ld ing on its Run I expe r ience 
toge the r w i th n e w de tec to r capab i l i t ies (s i l icon ve r tex t r igger a n d 
t ime-of- f l ight d e t e c t o r ) . Lep ton - t r i ggered s igna ls for B ^ J / i p K*, 
B° - > J /x j j K*° a n d B s - > J / i j ; cj> are s e e n , wh i le us ing the s i l icon ver 
tex t r igger , t h e pure l y h a d r o n i c m o d e s B* - > D°jt - » K J T J T a n d > 

15 



FERMILAB 

D 5a Higgs signal @ m H « 115 GeV 
3o Higgs signai @ m H = 115-135,150-175 GeV 
Reach ultimate precision for top, W, B physics I 

3o Higgs signal @ m H - 115-125,155-170 GeV 
Exclude Higgs over whole range of 115-180 GeV 
Possible discovery of supersymmetry in a larger 
fraction of parameter space 

» 30 Higgs signal § m H « 115 GeV 
» Exclude SM Higgs 115-130,155-170 GeV 
> Exclude much of SUSY Higgs parameter space 
• Possible discovery of supersymmetry in a significant 
fraction of minimal SUSY parameter space 
(the source of cosmic dark matter?) 

ice 

I 
• Measure top mass ± 3 GeV and W mass ± 25 MeV 
• Directly exclude m H - 115 GeV 

Significant SUSY and SUSY Higgs searches 
• Probe extra dimensions at the 2 TeV (10 
' B physics: constrain the CKM matrix 

m) scale 

> Improved top mass measurement 
• High pTjets constrain proton structure 
' Start to explore B s mixing and B physics 
' SUSY Higgs search @ large tanp 
» Searches beyond Run I sensitivity 

Each gain in luminosity yields a significant increase 
in reach and lays the foundation for the next steps 

Fig. 1. The physics programme for Tevatron Run II has been 
classified according to integrated luminosity achieved. 

B - > hadron hadron are be ing reco rded . W e can a lso look fo rward to 
C D F explo i t ing an e n o r m o u s s a m p l e of c h a r m m e s o n s . In D O , the 
too ls are be ing put in p lace for a B-phys ics p r o g r a m m e . T h e inclu
s i ve B l i fet ime has b e e n m e a s u r e d , a n d B -mesons are be ing recon 
s t ruc ted . DO d o e s not explo i t pure ly hadron ic t r iggers , but benef i ts 
f r o m its large m u o n a c c e p t a n c e , f o r w a r d t rack ing c o v e r a g e , a n d 
abi l i ty to explo i t J / i p e V . 

N o o n e d o u b t s tha t q u a n t u m c h r o m o d y n a m i c s ( Q C D ) desc r i bes 
the s t rong interact ion b e t w e e n qua rks a n d g luons . Its ef fects are all 
a round us - it is the origin of the m a s s e s of had rons , a n d thus of the 
m a s s of s tars a n d p lane ts . Th i s d o e s n ' t m e a n it is an e a s y t heo ry to 
w o r k w i th . A s wel l as us ing had ron co l l iders to tes t Q C D itself, w e 
f ind that it is so centra l to the ca lcu la t ion of both s igna l a n d back
g r o u n d p r o c e s s e s tha t w e n e e d to m a k e su re w e c a n h a v e conf i 
d e n c e in our abi l i ty to m a k e pred ic t ions in th is f r a m e w o r k . W e need 
to reso lve s o m e outs tand ing puzz les and ensu re w e unde rs tand how 
to ca lcu la te the b a c k g r o u n d s to n e w phys i cs . 

Both C D F and DO have now m e a s u r e d je t -energy distr ibut ions f rom 
R u n II. C D F are mak ing use of thei r n e w fo rward ca lo r imet ry to cove r 
the w h o l e range of pseudorap id i t y . J e t ca l ib ra t ions are not ye t f ina l , 

Improvement Sensitivity increase 

Table 1. Comparison of top quark sensitivity in Tevatron Run II 
and Run I. 

but a l ready w e s e e even ts wi th t ransverse energ ies beyond 4 0 0 G e V . 
Wi th the full Run II da tase t th is will r each as far as 6 0 0 G e V , a l low
ing us to pin d o w n the h igh-energy b e h a v i o u r of the c ross sec t i on , 
a n d t h u s t h e g l u o n c o n t e n t o f t h e p ro ton ( w h i c h r e m a i n s poo r l y 
d e t e r m i n e d at h igh m o m e n t u m a n d a s o u r c e of u n c e r t a i n t y ) . 
A n o t h e r issue p rovok ing m u c h d i scuss ion is the cho ice of t he a lgo
r i thm used to de f ine je ts . D O ' s Run I da ta h a v e s h o w n tha t the t w o 
mos t popu la r je t def in i t ions ( the geomet r i ca l l y b a s e d " c o n e " a n d 
the m o m e n t u m - b a s e d recombina t ion " k ± " a lgor i thms) yield dif ferent 
c ross s e c t i o n s for co l l ider d a t a ; wh i l e qua l i ta t i ve ly as e x p e c t e d , 
quant i ta t ive ly it is not ye t c lear w h e t h e r the d i f fe rences are under 
s t o o d . W e wil l t ry to a d d r e s s th is ques t i on wi th ear ly Run II da ta . 

R u n I left m a n y u n a n s w e r e d q u e s t i o n s a b o u t h e a v y f l a v o u r 
( c h a r m a n d b o t t o m ) p r o d u c t i o n . R e s o l v i n g t h e s e is impor tan t , 
b e c a u s e m a n y n e w par t ic les resul t in h e a v y f lavour s igna tu res . T h e 
inc lus ive B -meson p roduc t ion c ross sec t ion lies s igni f icant ly a b o v e 
the Q C D pred ic t ion , t hough it can be m a d e to fit better us ing r e s u m -
mat ion a n d re tuned f r agmen ta t i on func t i ons ( f rom LEP d a t a ) . For 
c h a r m o n i u m , the m e a s u r e d c ross sec t ion requ i res a large co lour-
octet c o m p o n e n t , but tha t is not cons i s ten t w i th the o b s e r v e d J / x p 
po lar iza t ion. T h e C D F s e c o n d a r y ve r tex t r igger in Run II is wo rk i ng 
beaut i fu l ly , a n d the resul t ing huge c h a r m a n d bo t tom s a m p l e s will 
a l low these puzz les to be exp lo red in m u c h more detai l . DO n o w has 
pre l iminary Run II J / i p a n d m u o n + je t c ross sec t i ons w h i c h are the 
first s teps in m e a s u r i n g the c h a r m o n i u m polar izat ion ( a n d t hus pro
duc t ion p r o c e s s ) a n d the b-jet c ross sec t i on . 

A n o t h e r QCD- re la ted puzz le is hard d i f f ract ion. In t h e s e e v e n t s , a 
h i gh -momen tum- t rans fe r col l is ion o c c u r s , but o n e of the i ncom ing 
b e a m part ic les appea rs to leave the col l is ion intact, instead of be ing 
des t royed in the p rocess . T h i s obse rva t i on is rather surpr is ing a n d 
needs to be p inned d o w n better a n d re lated quant i ta t ive ly wi th s i m 
ilar p h e n o m e n a o b s e r v e d at H E R A . Bo th C D F a n d D O h a v e n e w 
ins t rumenta t ion for d i f f ract ive phys i cs in R u n II. Th i s will a l low us to 
test s o m e of the bas ic a s s u m p t i o n s that h a v e g o n e into earl ier s tud 
ies, a n d will p rov ide a san i t y c h e c k for i deas of H iggs p roduc t ion 
th rough th is m e c h a n i s m at t he L H C . 

Planning f o r the f u t u r e 
At t he s a m e t ime as t he Fe rm i l ab acce le ra to r exper ts h a v e b e e n 
work ing to i m p r o v e T e v a t r o n ope ra t i ons , t h e y h a v e been t ry ing to 
incorpora te the l essons lea rned into a so l id p lan for t he fu ture . T h e 
p lann ing for t h e a c c e l e r a t o r c o m p l e x is in t w o p h a s e s . T h e f irst 
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l um inos i t y ( 1 0 0 p b " 1 - * 10 f b " 1 ) 100 
cen t re o f m a s s e n e r g y 1.35 
( 1 . 8 0 ^ 1 . 9 6 T e V ) 
b-pair t a g g i n g a n d o the r ~ 2 
a c c e p t a n c e i n c r e a s e s 
i m p r o v e d ana l ys i s t e c h n i q u e s ~ 2 
to ta l e f fec t i ve i nc rease in sens i t i v i t y - 5 0 0 
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f o c u s e s on U S f iscal y e a r 2 0 0 3 , w h i c h e n d s in S e p t e m b e r 2 0 0 3 . A 

full p lan and s c h e d u l e are in p lace . T h e U S D e p a r t m e n t of Ene rgy 

( D O E ) recent ly c o n v e n e d a high- level in ternat ional rev iew commi t 

tee , cha i red by Dav id Sut te r of t he D O E , to look at th is p lan . T h e 

c o m m i t t e e c o m p l i m e n t e d t he labora to ry on its recen t luminos i t y 

p rog ress a n d its f o c u s on t h e co l l id ing b e a m p r o g r a m m e , a n d 

repor ted that the goa ls for luminos i ty in 2 0 0 3 are h ighly l ikely to be 

met . By s u m m e r 2 0 0 3 , e a c h e x p e r i m e n t s h o u l d h a v e r e c o r d e d 

a r o u n d 2 0 0 p b " 1 of Run II da ta ( a l m o s t tw ice the Run I da tase t ) . 

T h e cent rep iece will be a great ly increased top quark s a m p l e , thanks 

to the h igher b e a m ene rgy a n d the m u c h imp roved b-tagging c a p a 

bil it ies of the de tec to rs . A first look at B s mix ing will be poss ib le , 

t oge the r wi th l i fet imes a n d b ranch ing ratio m e a s u r e m e n t s f rom the 

B, B s , A b and c h a r m s a m p l e s . J e t d is t r ibut ions at the h ighes t ener

g ies will cons t ra in pro ton s t ruc ture , a n d s e a r c h e s will fo l low up on 

Run I a n o m a l i e s a n d ex tend the Run I reach for m a n y ex tens ions to 

the S t a n d a r d Mode l . 

T h e s e c o n d phase cove rs 2 0 0 4 and b e y o n d . It is n o w c lear that it 

will take s o m e w h a t longer t han had been ant ic ipated to accumu la te 

the large da tase ts u l t imately f o r e s e e n for Run II: s u c h is the price of 

rea l i sm. A s long as the T e v a t r o n rema ins the wor ld ' s h ighes t -energy 

col l ider, it is a un ique faci l i ty tha t m u s t be exp lo i ted to its limit; th is 

will rema in t rue until the L H C expe r imen ts start p roduc ing compe t i 

t ive phys i cs resul ts. W e are p repar ing to run the T e v a t r o n until t he 

end of the d e c a d e in order to ful ly real ise its phys i cs potent ia l . T h e 

Run II phys ics p r o g r a m m e is a b road and d e e p o n e , a n d will a n s w e r 

crucial ques t ions abou t the un ive rse . T h e r e is no th resho ld at wh i ch 

th is star ts ( f igure 1) . T h e r e is compe l l i ng phys i cs to be d o n e e a c h 

y e a r a n d wi th each doub l ing of luminos i ty , s tar t ing n o w wi th a few 

hundred inverse p icobarns , and to the end of the d e c a d e wi th mult i-

f e m t o b a r n da ta se t s . T o e x p l o r e t he 5 - 1 5 f b " 1 d o m a i n cal ls for 

upg rades to the C D F and DO de tec to rs . Pr imari ly, t h e s e invo lve new 

tr igger s y s t e m s to hand le m o r e t han 10 in teract ions per c ross ing at 

the expec ted luminosi ty , and n e w si l icon detec tors that m a k e use of 

L H C R & D to sus ta in the high radiat ion d o s e s . T h e s e u p g r a d e s w e r e 

success fu l l y rev iewed by the D O E in S e p t e m b e r , a n d are n o w mov

ing t o w a r d s a p p r o v a l , w i th ins ta l la t ion p l a n n e d fo r 2 0 0 5 - 2 0 0 6 . 

In s u m m a r y , Run II at the T e v a t r o n p rov ides ex t raord inary oppor 

tuni t ies for the a d v a n c e m e n t of our know ledge of part ic le phys ics . A 

m e a s u r e of the inc reased sensi t iv i ty , us ing top qua rk p roduc t ion as 

an e x a m p l e , is s h o w n in T a b l e 1. Wi th a fac tor 5 0 0 inc rease in s e n 

s i t iv i ty , t he C D F a n d DO co l l abo ra t i ons a re e a g e r to t h o r o u g h l y 

exp lore the ene rgy f ront ier be fore pass ing the ba ton to the A T L A S 

a n d C M S expe r imen ts at the L H C . 

A s J a y Marx f rom L a w r e n c e Berke ley Nat iona l Labora to ry po in ted 

out at the acce le ra to r rev iew, R u n II is a m a r a t h o n a n d not a spr int . 

T h e c o m b i n a t i o n of h igh acce le ra to r e n e r g y , exce l l en t de tec to rs , 

en thus ias t i c co l l abo ra t i ons a n d da ta s a m p l e s tha t a re d o u b l i n g 

eve ry y e a r gua ran tees in terest ing new phys i cs resul ts at e a c h s tep . 

Each s tep a n s w e r s impor tan t ques t i ons , and e a c h leads on to the 

next. Th i s is h o w w e will lay the founda t i ons for a success fu l LHC 

phys ics p r o g r a m m e - a n d hopefu l l y a l inear col l ider to fo l low. 

Gerald Blazey, A l f red Goshaw, Nigel L o c k y e r and J o h n 
W o m e r s l e y (spokespersons of the CDF and DO experiments). 
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SUPERSYMMETRY 

Supersymmetry reviewed 
from the past to the future 
Some 400 theorists and experimentalists 
gathered at DESY in June 2002 for the 
SUSY02 conference to discuss aspects 
of supersymmetry and the prospects for 
unification physics. Jan Louis and Peter 
Zerwas report the conference highlights. 

T h e D E S Y labora tory in H a m b u r g , G e r m a n y , hos ted the 10th Inter
nat ional C o n f e r e n c e on S u p e r s y m m e t r y a n d Uni f icat ion of F u n d a 
menta l In teract ions ( S U S Y 0 2 ) in J u n e 2 0 0 2 , p rov id ing a f o rum for 
d i scuss ing the p resen t s ta tus a n d fu tu re d e v e l o p m e n t s of super -
symmet r y ( S U S Y ) . In the week- long meet ing - organized by Pran Nath 
of Nor theas tern Univers i ty , U S , a n d Peter Z e r w a s of D E S Y - theoret i 
cal ideas, ana lyses of exper imenta l da ta , the expectat ions for phys ics 
at C E R N ' s Large H a d r o n Col l ider ( L H C ) a n d the p r o p o s e d tera-e lec-
t ronvol t range e lec t ron -pos i t ron l inear col l iders we re on the a g e n d a . 

A l ively and exci t ing a t m o s p h e r e p reva i led , wi th es tab l i shed prac
t i t ioners e x c h a n g i n g s t a n d a r d a n d no t - so -s tanda rd v i e w s on the 
evolut ion of particle phys ics wi th enthusiast ic youngs te rs . T h e excite
m e n t had its roots in t he fasc ina t ing p rospec t of add ress i ng f u n d a 
menta l p r o b l e m s of phys i cs in the n e w genera t i on of acce le ra to rs , 
a n d in the we l l - founded h o p e of hear ing abou t long-awa i ted break
t h r o u g h s tha t w o u l d a n s w e r m a n y o f t he o u t s t a n d i n g q u e s t i o n s . 

Wai t ing f o r S U S Y 
O n the exper imenta l s ide , the con fe rence marked the transi t ion f rom 
the exper iments comp le ted at C E R N ' s LEP , D E S Y ' s H E R A , Fermi lab 's 
T e v a t r o n and S L A C s S L C co l l iders , to t h o s e at T e v a t r o n Run II and 
HERA- I I a n d to p repara t ions for phys i cs at fu ture col l ider faci l i t ies. 

T h e e x p e r i m e n t s at L E P , r e v i e w e d by E i lam G r o s s o f Is rae l 's 
W e i z m a n n Inst i tute, h a v e c o v e r e d a range of p a r a m e t e r s p a c e in 
the H iggs sec to r of t he m in ima l s u p e r s y m m e t r i c ex tens ion of t he 
S t a n d a r d M o d e l , w h i c h w a s s u m m a r i z e d by H o w a r d H a b e r of the 
Univers i ty of Cal i forn ia , S a n t a Cruz , U S . T h e e x p e r i m e n t s s e e m to 
h a v e ru led out o n e of t he t w o p a r a m e t e r ranges s ing led ou t prev i 
ous ly by theore t ica l a r g u m e n t s ( the so-ca l led sma l l tan(3 reg ion ) . 
H o w e v e r , the large tan(3 region w a s not ful ly cove red by LEP a n d , as 
Fe rm i l ab ' s Marce la C a r e n a po in ted out , it is of g rea t in teres t for 
f o r t h c o m i n g H iggs s e a r c h e s at t h e T e v a t r o n . O n t h e o the r h a n d , 
W o l f g a n g Holl ik of Kar ls ruhe o f fered s t rong suppo r t for a light H iggs 

Above: Julius Wess (centre) -
one of SUSY'S founding 
fathers - registers for the 
SUSY02 conference taking 
place in Hamburg, Germany. 
Left: the poster for SUSY02 
featured this painting of the 
B u n t e K u h , a 16th century 
merchant ship from Hamburg 
that sailed to Amsterdam and 
London. 

b o s o n as p red ic ted by s u p e r s y m m e t r i c t heo r ies de r i ved f rom the 
theoret ica l in terpretat ion of prec is ion da ta at LEP and the S L C . 

Ri tva K i n n u n e n of He ls ink i , F in land , exp la ined h o w L H C exper i 
men ts will be ab le e i ther to estab l ish or rule out the ex is tence of a 
l ight H iggs b o s o n w i th in a f e w y e a r s - in near ly all s c e n a r i o s as 
pointed out b y J a c k G u n i o n of the Univers i ty of Cal i fornia, Dav is , U S . 
Look ing fur ther a h e a d , C E R N ' s Marco Battagl ia d i scussed h o w the 
profi le of th is f u n d a m e n t a l part ic le cou ld be s tud ied exper imenta l l y 
at a l inear col l ider wi th v e r y h igh p rec is ion to es tab l ish the H iggs 
m e c h a n i s m for genera t ing the m a s s e s of s tandard part ic les. 

Rober t M c P h e r s o n of C a n a d a ' s V ic tor ia Un ivers i ty r ev i ewed the 
sea rch for g e n u i n e s u p e r s y m m e t r i c par t ic les at L E P . In its h igher-
ene rgy p h a s e , LEP set lower l imits on the m a s s e s of the sca la r part
ners of lep tons c lose to the b e a m e n e r g y of 100 G e V . S imi lar l imits 
have been a c h i e v e d for t he fe rm ion ic par tners of W b o s o n s , wh i le 
the l ightest supe rsymmet r i c part icle has been const ra ined to a m a s s 
of more than 50 G e V , albei t in a m o d e l - d e p e n d e n t w a y . T h e m a s s e s 
of s q u a r k s a n d g lu inos , on the o ther h a n d , h a v e been inc reased by 
T e v a t r o n a n a l y s e s to m o r e t han 2 0 0 G e V , repor ted Teruk i K a m o n t> 
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of T e x a s A & M Univers i ty , U S . T h i s resul t is c o m p l e m e n t e d by c o n 
st ra ints on the s top m a s s in R-parity v io la t ing theor ies at H E R A , dis
c u s s e d by Y v e s Si ro is of t he Eco le Po l y t echn ique , F rance . 

T h e d i scove ry range for S U S Y will be e x t e n d e d by the L H C to va l 
ues of up to 3 T e V , leav ing little r o o m In p a r a m e t e r s p a c e for super -
s y m m e t r i c par t ic les to h ide , a s a n a l y s e d by B r o o k h a v e n ' s F rank 
Pa ige . In the fu ture , t he proper t ies of s u c h part ic les cou ld be m e a 
s u r e d to an a c c u r a c y of par ts per mi l l ion in t h e s e v e r a l h u n d r e d 
giga-electronvol t m a s s range by m a c h i n e s such as D E S Y ' s p roposed 
T E S L A co l l ider - p r e s e n t e d by Hans -U l r i ch Ma r t yn of A a c h e n -
reduc ing to the pe rcen tage level in t he mul t i te ra-e lec t ronvo l t range 
tha t cou ld be exp lo red by C E R N ' s CL IC . Th i s a l lows the f u n d a m e n t a l 
pa rame te rs in s u p e r s y m m e t r i c t heo r ies to be d e t e r m i n e d prec ise ly , 
a s J a n Ka l inowsk i of W a r s a w , P o l a n d , c o n c l u d e d . A b d e l D jouad i of 
Montpe l l i e r , F r a n c e , W a l t e r Ma je ro t to o f V i e n n a , A u s t r i a , a n d 
Michae l Sp i ra of the Paul Sche r re r Inst i tute, Sw i t ze r l and , desc r i bed 
the h igh-prec is ion theore t ica l ca lcu la t ions ( s o m e t i m e s to two- loop 
a c c u r a c y ) tha t underp in all of t h e s e resul ts and expec ta t i ons . 

More i n fo rma t ion on s u p e r s y m m e t r i c s c e n a r i o s , i nc lud ing t he 
CP-v io la t ing sec tor , e x a m i n e d by N a t h , is o f fered by prec is ion m e a 
s u r e m e n t s at lower ene rg ies . B -decays are a f fec ted by s u p e r s y m 
met r ic par t i c les t h r o u g h v i r tua l - loop e f fec ts . A n t o n i o M a s i e r o of 
P a d o v a , I taly, po in ted ou t t ha t t he a g r e e m e n t b e t w e e n p resen t 
obse rva t i ons and the S t a n d a r d Mode l is not at o d d s wi th the po ten 
tial intervent ion of s u p e r s y m m e t r i c part ic les, wh i le Mat th ias Neuber t 
of Corne l l , U S , d i s c u s s e d the c o n s e q u e n c e s of rare d e c a y s . Errors 
are still t oo large to d raw def in i te conc lus i ons in mu l t i d imens iona l 
S U S Y pa rame te r s p a c e on f l avour phys i cs . 

R i cha rd A rnow i t t o f T e x a s A & M s h o w e d h o w t h e d i s c r e p a n c y 
be tween the a n o m a l o u s m u o n magnet i c m o m e n t m e a s u r e m e n t and 
the predict ions of the S tanda rd Mode l is compat ib le wi th w ide a reas 
of s u p e r s y m m e t r i c p a r a m e t e r s p a c e . N e w ins ight - as p resen ted 
by Isabel la Mas ina of Sac lay , F rance - might s o o n be ob ta ined f rom 
s tudy ing lepton- f lavour-v io lat ing p r o c e s s e s , s u c h as radiat ive m u o n 
d e c a y s into e l ec t rons . C E R N ' s C o n c h a G o n z a l e s - G a r c i a a n d 
Rab ind ra M o h a p a t r a of M a r y l a n d , U S , d i s c u s s e d the recen t obser 
va t ion of neut r ino osci l la t ions tha t has p romp ted n e w interest in the 
sea rch for s u c h p h e n o m e n a in the charged- lep ton sector , wi th novel 
conve rs i on p r o c e s s e s e n h a n c e d by v i r tual S U S Y cont r ibu t ions . 

Giv ing mass and e n e r g y to the un ive rse 
It has long been specu la ted that the observa t ion of co ld dark mat ter 
in the un iverse is re lated to S U S Y . If, as in m a n y scena r i os , the light
es t s u p e r s y m m e t r i c part ic le is s tab le , it w o u l d be a per fec t cand i 
da te for th is n e w k ind of mat te r . T h e s i gna l s of s u c h par t i c les , 
accoun t i ng for mos t of the m a s s of t he un i ve rse , m a y be ident i f ied 
in ded i ca ted s e a r c h e s or a s t r o p h y s i c s e x p e r i m e n t s , a s desc r i bed 
by Keith Ol ive of M i n n e s o t a , U S . 

Cosmolog ica l p rob lems are an excel lent test g round for phys ics at 
very-h igh-energy sca les . Baryogenes is - crucial for our o w n ex is tence 
- can be exp la ined by S U S Y m e c h a n i s m s if s top and H iggs m a s s e s 
a re t ight ly c o n s t r a i n e d to ba re l y a b o v e t he p r e s e n t e x p e r i m e n t a l 
exc l us i on l imits, c l a i m e d Ca r l os W a g n e r of A r g o n n e Nat iona l 
Labora to ry a n d Ch i cago Univers i ty , U S . A di f ferent p ic ture e m e r g e s 
f rom lep togenes is , p resen ted b y T s u t o m u Y a n a g i d a of T o k y o , J a p a n , 

Tell me where the 
SUSYs are: Robert 
McPherson (left) of 
Victoria University, 
Canada, and Eilam 
Gross of the Weizmann 
Institute, Israel, ask 
Gordon Kane (centre) 
of Michigan, US, for 
theoretical advice. 

w h e r e d e c a y s of h e a v y Ma jo rana neut r inos wi th m a s s e s c lose to the 
grand unif icat ion sca le are the sou rce for the obse rved a s y m m e t r y of 
mat ter a n d ant imat ter in t he un i ve rse . 

Cosmo log i ca l s cena r i os c a n c a u s e p r o b l e m s for s u p e r s y m m e t r i c 
m o d e l s . H o w e v e r , as H a n s Pe te r Ni l les of B o n n , G e r m a n y , 
e x p l a i n e d , in de ta i l ed a n a l y s e s t h e s e o f ten a p p e a r less s e v e r e . 
Recen t da ta on e n e r g y f luc tua t ions in t he c o s m i c m i c r o w a v e back
g r o u n d a n d m e a s u r e m e n t s of t he dece le ra t i on pa rame te r v ia the 
Hubb le d i ag ram of T y p e 1A s u p e r n o v a e sugges t a posi t ive c o s m o 
logical cons tan t . Pierre B inet ruy of O r s a y , F rance , e m p h a s i z e d tha t 
f rom a theore t ica l point of v i e w , t h e s e resul ts are more t han puz
zl ing, p rompt ing the sugges t i on f r om E d w a r d C o p e l a n d of S u s s e x 
Univers i ty , UK , tha t b rane-wor ld m o d e l s m a y offer a l ternat ive s c e 
nar ios for t he c o s m o l o g y of t he ear ly un i ve rse . 

C o n n e c t i n g t o the P lanck scale 
T h e m o s t compe l l i ng a r g u m e n t in s u p p o r t of the s u p e r s y m m e t r i c 
ex tens ion of t he S t a n d a r d Mode l is the uni f icat ion of the th ree dif
ferent g a u g e coup l ings - e lec t romagne t i c , w e a k and s t rong - at t he 
percent level at a sca le near 1 0 1 6 G e V . Af ter ext rapolat ion over more 
t h a n 14 o rde rs of m a g n i t u d e in e n e r g y , t he th ree coup l ings m e e t in 
a t iny a rea wi th an a c c u r a c y tha t is m u c h bet ter t han e x p e c t e d in 
m a n y scena r i os . T h i s surpr is ing ly success fu l predic t ion c a n n o t be 
m a t c h e d eas i ly in a l te rnat ive theor ies . 

A l though certain aspec ts of min imal ve rs ions are s o m e t i m e s prob
lemat ic, s u c h as too-rapid proton d e c a y , e v e n conven t iona l super -
s y m m e t r i c g rand uni f ied theor ies are still in a g r e e m e n t wi th da ta , 
sa id S tuar t R a b y of O h i o S ta te Un ive rs i t y , U S . G r a h a m R o s s of 
Ox fo rd , UK, d i scussed the poss ib le origin of quark and lepton m a s s 
textures in th is context . L a w r e n c e Hall of the Univers i ty of Cal i forn ia, 
Berke ley , U S , a n d J o h n March-Russe l l of C E R N s h o w e d h o w h igher 
d imens ions offer addi t iona l f r e e d o m in bui ld ing mode l s , a n d t hus 
are m o r e f lex ib le in r e m o v i n g t he s t u m b l i n g b locks of t rad i t iona l 
grand unif ied theor ies. Wh i le J o n Bagger of J o h n s Hopk ins Univers i ty , 
U S , d i s c u s s e d q u e s t i o n s of S U S Y b reak ing w i th in s u c h m o d e l s , 
Edwa rd Wi t ten of P r ince ton , U S , a d d r e s s e d how these mode l s deal 
wi th the doub le t - t r i p le t spl i t t ing of the Higgs f ie ld. R iccardo Barbier i 
of the Scuo la No rma le Super io re in P isa , Italy, cove red aspec ts of 
e lec t roweak s y m m e t r y break ing. 

Peter May r of C E R N s h o w e d h o w s tudy ing the p h e n o m e n o l o g i c a l 
a s p e c t s of s u p e r s y m m e t r i c t h e o r i e s in s t r ing t h e o r y has b e e n 
i m p r o v e d by ex tend ing the power fu l t e c h n i q u e s of mirror s y m m e t r y 
to t h e o r i e s w i th on l y N = l S U S Y . F u r t h e r m o r e , J a n de B o e r of 
A m s t e r d a m , the N e t h e r l a n d s , s h o w e d h o w str ing t heo ry c a n a lso 
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SUPERSYMMETRY 

The quest for unification 
A t S U S Y 0 2 , D E S Y l a u n c h e d a se r i es o f 
a n n u a l l ec tu res w i t h t he a i m o f c o n v e y i n g 
t he fasc ina t i on of par t ic le p h y s i c s to a 
w i d e r a u d i e n c e at t h e un ive rs i t y a n d in 
t he c i ty of H a m b u r g , G e r m a n y . E d w a r d 
W i t t e n of t h e Inst i tu te fo r A d v a n c e d S t u d y 
a t P r i n c e t o n , U S , p r e s e n t e d t h e f i rs t D E S Y 
He in r i ch Her tz Lec tu re on P h y s i c s . 

D E S Y d i rec to r -genera l , A l b r e c h t W a g n e r , 
i n t roduced the se r ies w i th a desc r ip t i on o f 
Her t z ' s g rea t theore t i ca l a n d e x p e r i m e n t a l 
a c h i e v e m e n t s . Bo rn in 1857 in H a m b u r g , 
Her tz d e v e l o p e d a n ou t s tand ing ta len t fo r 
phys ics ear ly in l i fe. A f te r b e c o m i n g 
p ro fesso r of phys ics at t he Ka r l s ruhe 
P o l y t e c h n i c u m in 1886 , he car r ied ou t 
o n e of t he m o s t impor tan t e x p e r i m e n t s o f 
t he 19th cen tu ry - d e m o n s t r a t i n g the 
ex i s tence of e l ec t r omagne t i c w a v e s . T h i s 
con f i rmed M a x w e l l ' s t heo ry , in w h i c h 
e lectr ic i ty a n d m a g n e t i s m are un i f ied to 
e l e c t r o m a g n e t i s m . 

Left: DESY director-general Albrecht 
Wagner introduced his lecture in front of 
a portrait of Heinrich Hertz. Right: 
Edward Witten captivated his audience 
with his talk "Quest for unification". 

It w a s f i t t ing, the re fo re , tha t W i t t e n ' s 
lec ture c o v e r e d the ques t fo r un i f i ca t ion . 
He d e s c r i b e d the s teps a n d a r g u m e n t s 
lead ing us f r o m the S t a n d a r d M o d e l of 
par t ic le phys i cs to g rand uni f ied t heo r i es 
at 1 0 1 6 G e V . A n ex t rapo la t ion of p rec ise 
e x p e r i m e n t a l da ta on the th ree g a u g e 
coup l i ngs s u g g e s t s tha t at th is sca le , w e a k 

a n d s t r ong e lec t romagne t i c in te rac t ions 
m e r g e to f o r m a s ing le un i f ied in te rac t ion . 

H o w e v e r , t h e evo lu t i on of t h e c o u p l i n g s 
of t h e ind iv idua l in te rac t ions a p p r o a c h a 
s ing le po in t a c c u r a t e l y on ly if t h e 
S t a n d a r d M o d e l is e x t e n d e d to a 
s u p e r s y m m e t r i c t heo ry . T h i s m a y a l so 
o p e n t h e d o o r t o un i fy ing t h e g e n u i n e 
par t ic le p h y s i c s in te rac t ions w i th g rav i ty . 
T h i s last s t e p m a y requ i re t he e x p a n s i o n 
of o u r f ou r -d imens iona l s p a c e - t i m e w o r l d 
to o n e of h i g h e r d i m e n s i o n s as requ i red 
by s u p e r s t r i n g t heo r i es . 

F o r t h c o m i n g e x p e r i m e n t s a t t he L H C 
a n d fu tu re l inear co l l iders wi l l d e t e r m i n e 
t h e t ru th o f t h e s e ideas . Pos i t i ve e v i d e n c e 
w o u l d p rov ide a m o r e c o m p r e h e n s i v e 
p ic tu re o f m a t t e r a n d f o r ces in na tu re -
t h e " u l t ima te un i f i ca t i on " s o u g h t by t h e 
m o s t e m i n e n t t heo r i s t s in h is tory . 

W i t t e n ' s p resen ta t i on is ava i l ab le o n 
v i d e o a t w w w . d e s y . d e / s u s y 0 2 / . 

be exp lo i ted to s h e d n e w light on s t rong ly c o u p l e d g a u g e theor ies , 
s u c h a s q u a n t u m c h r o m o d y n a m i c s , by m e a n s of t h e so -ca l l ed 
A d S / C F T c o r r e s p o n d e n c e b e t w e e n str ing a n d f ield t heo ry . 

If S U S Y is real ized in nature , h igh-precis ion exper imen ts at a l inear 
col l ider s u c h as T E S L A fo l l owed by a s e c o n d p h a s e in a mul t i tera-
e lect ronvol t col l ider s u c h as CL IC , cou ld de te rm ine the proper t ies of 
n e w part ic les wi th v e r y h igh p rec is ion . Th i s is a n e c e s s a r y p re requ i 
si te for recons t ruc t ing the f u n d a m e n t a l s u p e r s y m m e t r i c t heo ry at 
t he sca le w h e r e S U S Y b reak ing is l oca l i zed , e m p h a s i z e d G o r d o n 
Kane of M ich igan , U S . If t he S U S Y p a r a m e t e r s are t ransmi t ted at 
th is sca le f rom a h idden wor ld to our v is ib le e igen-wor ld by grav i ta
t ional in teract ions, t h e s e m a c h i n e s cou ld be u s e d as power fu l te le
s c o p e s to v i e w a d o m a i n w h e r e par t ic le p h y s i c s a n d g rav i t y are 
l inked di rect ly - a v is ion for t he fu tu re . 

A big s tep into the new exper imenta l d o m a i n of high ene rgy l inked 
wi th h igh a c c u r a c y - success fu l l y p i onee red by LEP a n d the S L C -
w a s out l ined by D E S Y ' s d i rec to r -genera l , A lb rech t W a g n e r , w h o pre
s e n t e d the w e l l - a d v a n c e d p lans for the T E S L A m a c h i n e , w h i c h has 
an ene rgy target tha t is c lose to I T e V . If p repara t ions con t i nue as 
t hey are n o w , the part ic le phys i cs c o m m u n i t y cou ld be opera t ing 
th is un ique tool for S U S Y part ic le d iagnos t i cs by 2 0 1 2 . 

Liv ing in h igher d imens ions 
T h e idea of t he S t a n d a r d M o d e l be ing loca l ized on a f ou r -d imen 
s ional b rane that is e m b e d d e d in a h igher d imens iona l s p a c e - t i m e 
can be fo rmu la ted in str ing theor ies . Ignat ios An ton iad is of C E R N , 
Mir jam Cve t i c of P e n n s y l v a n i a , U S , a n d Luis I b a n e z of Mad r i d ' s 
Institute fo rTheore t i ca l Phys ics , S p a i n , p resented mode l s w h e r e con 
s t ruct ions of this t ype are carr ied out expl ici t ly. Phenomeno log i ca l 

aspec ts of extra d i m e n s i o n s on a tera-e lect ronvol t sca le are impor
tant for expe r imen ts at the next genera t ion of part icle acce le ra tors . 
T h e s e w e r e d i scussed by J a m e s We l l s of the Univers i ty of Cal i forn ia, 
Dav is , a n d G r e g Landsbe rg of B rown Univers i ty , U S , w h o f o c u s e d on 
the radiat ion of b lack ho les f rom h igh-energy part icle col l is ions. 

It is likely that the st ructure of s p a c e - t i m e is modi f ied at ul t rashort 
d is tances . A n interest ing aspec t of th is is the potent ia l n o n - c o m m u -
tativity of s p a c e ( a n d t ime ) . Th is wou ld m e a n , for examp le , that m e a 
s u r e m e n t s of the x and y co-ord ina tes of an even t wou ld affect e a c h 
other in a s imi lar w a y to the posi t ion and m o m e n t u m m e a s u r e m e n t s 
in s tandard q u a n t u m m e c h a n i c s , albei t wi th the in ter ference be ing 
charac ter ized by a very -smal l -sca le paramete r . Vo lker S c h o m e r u s of 
P o t s d a m , G e r m a n y , s h o w e d tha t s u c h an idea can be d e v e l o p e d 
wi th in str ing theory , wh i le Ju l ius W e s s of Mun i ch , G e r m a n y , deve l 
o p e d s imi lar ideas f rom a f ie ld- theoret ical point of v i ew . 

T h e possibi l i ty that addi t ional s t rong ly coup led g a u g e g roups on a 
te ra -e lec t ronvo l t e n e r g y sca le cou ld h a v e a s ign i f icant impac t on 
the pat tern of e l ec t roweak s y m m e t r y b reak ing a n d the H iggs sec to r 
w a s cove red by S a v a s D i m o p o u l o s of S tan fo rd , U S , S te fan Pokorsk i 
of W a r s a w a n d Lisa Randa l l of H a r v a r d , U S . Th i s possibi l i ty is a lso 
s u g g e s t e d by r e d u c i n g e l e g a n t t heo re t i ca l s t r uc tu res in h ighe r 
d i m e n s i o n s to the s t a n d a r d 3 + 1 s p a c e - t i m e d imens ions . 

T h e phys i cs p r o g r a m m e d i s c u s s e d at t he c o n f e r e n c e f o c u s e d o n 
the i n n e r m o s t s t ruc tu res of t he m i c r o c o s m , for mat te r as we l l as 
s p a c e - t i m e , but it f o u n d t h e m d e e p l y c o n n e c t e d wi th the s t ruc tu re 
of the un ive rse at large - t he f inal s tep of u l t imate un i f icat ion. 

Jan Louis , Martin-Luther University, Halle, Germany, and Pe te r 
Z e r w a s , DESY, Hamburg, Germany. 
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L o o k i n g f o r a p r é c i s e a n d e f f e c t i v e 

bipolar power supply? 
The Danfysih Model 896 features: 

• Power range ±20 A/ ±70 V 

• Parallel operation 

• 100ppm currentstability 

• High efficiency - typical 80% 

• Low output noise 

• RSZ32C, RS422 interface standards 

• Customer adaptable interface 

Chosen as the corrector magnet 

power supply for the Spallation 

Neutron Source project. 

M o r e t h a n 3 5 y e a r s of e x p e r i e n c e 

i n h i g h e n d p o w e r s u p p l i e s 

dd D A N F Y S I K 

DK-4040 Jyllinge • D e n m a r k 
Tel. : +45 4679 0000 - Fax: +4S 4679 0001 
e-mail: sales@danfysik.dk * www.danfys ik .dk 

i 
CAP 

An IOP and SISSA journal 

Announcing a new journal 
in Cosmology for 2003 
Journal of Cosmology and 
Astroparticle Physics 
Call for papers 

We're delighted to announce a major new 
electronic-only journal for 2003 - Journal of 
Cosmology and Astroparticle Physics, to be known 
as JCAP, and to invite submissions for papers. 

JCAP will be rigorously peer-reviewed and will bring 
together cutting-edge research in all aspects of 
cosmology and the related topics of astrophysics 
and particle physics. The journal will be an 
invaluable resource for scientists working in particle 
astrophysics, cosmology and related fields. 

Coverage will include: 
• Early Universe 
• Cosmic microwave background 
• Large-scale structure of the Universe 
• Dark matter and dark energy 
• Neutrino physics and astronomy 
• Gravitational waves 
• Particle and nuclear astrophysics 
• Black holes and their impact on cosmology 

Fora complete list of topics please visit 
http:/ / jcap.sissa.it . 

First papers will be published early in 2003 and 
there will be FREE trial access in 2003, ensuring 
high visibility within the community 

For information about submissions, 
please contact: 
Simona Cerrato, Executive Editor, SISSA 
via Beirut 4 - 34014Trieste, Italy 
Tel: 39-040-378 7509 - Fax: 39-040-378 7528 
E-mail jcap.eo@jcap.sissa.it 

-» First papers to be published early in 2003 jcap.sissa.it www.iop.org/journals/jcap 
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mailto:sales@danfysik.dk
http://www.danfysik.dk
http://jcap.sissa.it
mailto:jcap.eo@jcap.sissa.it
http://jcap.sissa.it
http://www.iop.org/journals/jcap


DETECTORS 

Radiation 
hard silicon 
detectors 
lead the way 
3D silicon detectors offer exciting new 
approaches to imaging for particle physics 
and other fields. Cinzia DaVia' explains. 

Si l i con is tine mater ia l of c h o i c e for t he t rack ing d e t e c t o r s be ing 
m a d e for e x p e r i m e n t s at C E R N ' s La rge H a d r o n Co l l ide r ( L H C ) . 
S i l icon of fers re l iable, fast a n d c h e a p de tec to rs . S e g m e n t e d detec
tors , p rocessed us ing microe lec t ron ic p lanar t echno logy , h a v e been 
used success fu l l y to prec ise ly image the t racks of c h a r g e d part ic les 
in m a n y expe r imen t s . T h e ope ra t i on of s u c h d e v i c e s , h o w e v e r , is 
c o m p r o m i s e d w h e n t h e y are i r rad iated wi th h igh f l u e n c e s ( a b o v e 
5 x 1 0 1 4 p a r t i c l e s / c m 2 ) of neu t rons or h igh-energy h a d r o n s , corre
s p o n d i n g to a b o u t 5 y e a r s o f L H C o p e r a t i o n at a l um inos i t y of 
1 0 3 4 c m " 2 s _ 1 for de tec to rs c loses t to the b e a m . Rad ia t ion - induced 
de fec t s a re i n t r oduced into t h e c rys ta l la t t ice, c o m p l e t e l y t rans 
fo rm ing its electr ical p roper t ies . A d ramat i c resul t of t h e s e c h a n g e s 
is the loss of cha rge re leased by a t rave rs ing part ic le, p r o d u c e d for 
examp le by a p r o t o n - p r o t o n interact ion in the LHC. Th is loss of infor
mat ion c o m p r o m i s e s the reconst ruc t ion of impor tan t even t s like the 
s e c o n d a r y ver t i ces tha t w o u l d be p r o d u c e d by the d e c a y of H iggs 
b o s o n s into b quarks and ant iquarks . S tud ies by a n u m b e r of C E R N -
b a s e d r e s e a r c h a n d d e v e l o p m e n t co l l abo ra t i ons (CERN Courier 
Apri l 1999 p 2 5 ) carr ied ou t in t he past 10 y e a r s h a v e he lped phys i 
c ists to unde rs tand a n d reduce rad ia t ion d a m a g e ef fects in s i l icon. 
T h e f undamen ta l results ob ta ined by t h e s e co l labora t ions have c o n 
t r ibuted m u c h to approx imate ly doub l ing the useful life of t rackers in 
t h e L H C ' s A T L A S , C M S , A L I C E a n d L H C b e x p e r i m e n t s to a l m o s t 
10 y e a r s of ope ra t i on . 

A n o rder -o f -magn i tude inc rease of the luminos i ty after the initial 
phase of the LHC exper imen ts is the natural next s tep to improve the 
stat is t ics for rare even t s . T h i s w o u l d invo lve a reduc t ion of the pro-

Fig. 1. In 3D detectors, the electrodes and the active edges are 
fabricated inside the detector bulk using micromachining 
techniques. 

Design parameter 3D Planar 
dep le t i on v o l t a g e ( V ) < 1 0 70 
co l lec t ion leng th ( f i m ) - 5 0 3 0 0 
c h a r g e co l lec t ion t i m e ( n s ) 1 -2 1 0 - 2 0 
e d g e sens i t i v i t y (p i rn) < 1 0 - 3 0 0 

Table 1. 3D and planar detector design parameters for a 
300 \xm thick silicon substrate. 

t o n - p r o t o n b u n c h c ross ing to 12.5 ns , a n d an inc rease of b e a m 
in tens i ty p r o d u c i n g a c o n s e q u e n t i n c r e a s e of t he rad ia t ion rate 
(Gianott i etal. 2 0 0 2 ) . A new form of si l icon senso r w h o s e fabr icat ion 
m a k e s use of m i c r o m a c h i n i n g t e c h n o l o g y as wel l as the s tanda rd 
p r o c e s s e s of p lanar t e c h n o l o g y , u s e d for m a n y y e a r s both for s e n 
sors a n d their readou t ch ips , can sat is fy t h e s e s e v e r e requ i rements . 

3D solut ion 
3 D senso rs p roposed by S h e r w o o d Parker of the Universi ty of Hawai i 
and co l l eagues in 1995 ( f igure 1) , init ially to so lve the p rob lem of 
c h a r g e loss in ga l l i um a r s e n i d e d e t e c t o r s , h a v e b e e n f ab r i ca ted 
using si l icon (Parker etal. 1997) . Ac t ive-edge 3 D sensors , p roposed 
in 1997 a n d a lso ind icated in f igure 1, s h o u l d have eff ic ient cha rge 
col lect ion to wi th in a f e w mic rons of thei r phys ica l e d g e s ( K e n n e y et 
al. 2 0 0 1 ) . In th is n e w con f igu ra t ion , t he p + a n d n + e lec t rodes pene 
trate th rough the si l icon bulk, rather t h a n be ing l imited to the si l icon 
wa fe r su r face . 

T h e advan tages of 3 D des ign , c o m p a r e d with the tradit ional p lanar 
des ign , are s h o w n schemat ica l l y in f igure 2 . S ince the electric f ield is 
paral lel ( ra ther t han o r t hogona l ) to the de tec to r su r face , the cha rge 
col lect ion d is tance can be seve ra l t i m e s shor ter , the col lect ion t ime 
cons ide rab l y faster , a n d t he vo l t age n e e d e d to ex tend the electr ic 
f ield t h r o u g h o u t t he v o l u m e b e t w e e n t he e lec t rodes (full dep le t i on ) 
an o rder of m a g n i t u d e smal le r , for 3 0 0 ^im th ick s i l icon ( tab le 1) . 

Th i s t e c h n o l o g y has m a n y potent ia l app l i ca t ions , for e x a m p l e in 
ex t reme radiat ion e n v i r o n m e n t s , luminos i ty mon i to rs , a n d med ica l 
and bio logical imag ing ( K e n n e y etal. 2 0 0 1 , Parker et al. 2 0 0 1 ) . t > 
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DETECTORS 

Fig. 2. A 3D detector (left) compared with a standard planar detector (right). The same charge generatecfby a traversing ionizing 
particle (approximately 24 000 electrons) is collected by a 3D detector over a much shorter length at higher speed, and with full 
depletion bias voltage 10 times lower (see table 1). 

Fig. 3. The effective drift length of electrons and holes in silicon 
after an irradiation proton fluence oflO15 particles/cm2 

operated at -20 °C. 

Fig. 4. Right: a 290 \xm deep etching of a C-shaped hole, 
followed by the deposition of 2 \xm of polycrystalline silicon. The 
good quality of the etching and the uniformity of the deposition 
are revealed by a saw cut through the holes that misses the 
pillars. Left: a broken wafer showing how the electrode looks 
after being filled with polysilicon. 

Radiat ion effects in si l icon detec tors 
Insulat ing layers on the su r face of de tec to rs cha rge up w h e n tra
ve r sed by charged part ic les. Th i s can be to le ra ted. D a m a g e to the 
bulk by both charged and neutral part icles, however , is more difficult 
to comba t . It t akes jus t 25 e V to knock a si l icon a tom out of its lat
t ice point. Th is leads to the fo rmat ion of de fec ts , in s o m e ins tances 
involv ing impur i ty a t oms in the mater ia l . Defec ts can be electr ical ly 
ac t i ve , lead ing to i nc reased s p a c e - c h a r g e , l eakage cur ren t and 
charge t rapping. Inc reased space -cha rge p reven ts the electr ic f ield 
f rom penetra t ing the mater ia l un less high bias vo l tages are u s e d . 
Moreove r , rad ia t ion- induced s p a c e - c h a r g e can inc rease after the 
radiat ion sou rce is r e m o v e d , a p h e n o m e n o n cal led reverse annea l 
ing. It has p roven necessa ry to cool be tween - 1 0 ° C and - 2 0 ° C to 
reduce the leakage current and reverse annea l ing . T h e addi t ion of 
oxygen into wafers has been found to reduce the space-charge build
up and improve reverse annea l ing for d a m a g e c a u s e d by charged 

particles. T h e use of mul t iguard st ructures, where b iased guard rings 
su r round the act ive de tec tor a rea , has a l lowed high-vol tage ope ra 
t ion at the e x p e n s e of larger inact ive reg ions at the detector edge . 
Guard structures are used for ach iev ing long-term stability, to reduce 
the current in the act ive a rea , and to p reven t ava lanche b reakdown 
w h e n high bias vol tage is required. Cool ing below 200 K also reduces 
the radiat ion- induced space-charge , wh ich aids detector operat ion -
a p h e n o m e n o n ca l led t he Laza rus ef fect (Pa lmier i et al. 1 9 9 8 ) . 

T h e electric field inside a si l icon detector must be as large as pos
s ib le. T h e risk of t rapp ing of the carr iers d e c r e a s e s if the electr ic 
f ield is large ( f igure 3 ) . T h e e f fec t ive drift length of a carr ier 
( L d r i f t = v d r i f t x x t r ) d e p e n d s on the e lect r ic f ie ld v a l u e v ia the drift 
veloci ty v d r i f t . x t r is the t rapping t ime of the carriers ( the t ime taken by 
an e lec t ron or a ho le to t rave l t o w a r d s the co l lec t ing e lec t rode 
before being t rapped by a de fec t ) . It is c lear that e lectrons will make 
a greater contr ibut ion to the s igna l , s ince their drift length is th ree 
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Fig. 5. Oscilloscope traces of ionizing particle signals in two 3D detectors operated at 130 K and 300 ^before (left) and after (right) 
heavy irradiation. The bias voltage is 40 V in both cases, and the rise times are 1.5 ns with a pulse duration of 5 ns, and 3.5 ns with 
a pulse duration of 10 ns. 

t imes longer than that of ho les . Drift lengths d e c r e a s e l inearly wi th 
f l uence , mak ing dev i ces wi th a large col lect ion d is tance ineff icient 
at high radiat ion levels ( D a V i a ' a n d Wa t t s 2 0 0 2 ) . 

Prior to i r radiat ion, e lec t rons and ho les cont r ibute equa l l y to the 
s ignal in the case of a pad de tec to r w h e r e both e lec t rodes have the 
s a m e a rea . For a de tec to r wi th a s e g m e n t e d col lect ing e lec t rode, 
the larger f ract ion of the s ignal is p roduced by the carr ier that trav
els t owards it. Th is can be der i ved us ing a f a m o u s t h e o r e m due to 
S i m o n R a m o and ( i n d e p e n d e n t l y ) Wi l l iam Shock ley ( R a m o 1939 ; 
Shock ley 1938) . S ince e lec t rons are harder to t rap , it is impor tant 
that the ampl i f ier is c o n n e c t e d to the n + e lec t rode, wh i ch col lects 
e lec t rons in a s e g m e n t e d detector . Th i s is t rue for the A T L A S and 
C M S pixel detec tors . 

An examp le of the cur rent s tate of the art is wel l i l lustrated by the 
pixel layers of the A T L A S ver tex detector , wh i ch will be p laced as 
c lose as 4 c m f rom the interact ion point. T h e s ignal is co l lec ted on 
the n + s ide of the detector . T h e n + on n des ign is feas ib le by "spray
ing" a th in , modera te l y d o p e d p layer be tween the n + con tac ts , to 
p revent t h e m f rom be ing shor ted by e lec t rons at t racted to t rapped 
posi t ive charge at the inter face b e t w e e n the f ield ox ide and the sili
con . T h e active th ickness of the detector is reduced f rom the standard 
3 0 0 \im to an ave rage of a round 2 3 0 \xm to e n h a n c e the penet ra
t ion of the electr ic f ield in the act ive a rea . Th is t h i ckness , toge ther 
with mul t iguard structure, a l lows operat ion up to a round 600 V bias. 
Th i s is a f ield of abou t 3 V / p i m . O x y g e n a t i o n of the wa fe r prior to 
de tec to r p rocess ing reduces the rad ia t ion- induced s p a c e - c h a r g e , 
and consequen t l y a l lows the detector to be fully dep le ted e v e n after 
a f luence of 1 0 1 5 p a r t i c l e s / c m 2 . Under such cond i t ions, abou t 98% 
of the s ignal charge gene ra ted in the detec tor is co l lec ted . 

Th is result demons t ra tes that a comb ina t i on of oxygena t i on and 
e lect ron col lect ion leads to eff ic ient opera t ion at reasonab le bias 
vo l tages . Th is is impor tant for p o w e r d iss ipat ion and the rma l run
a w a y , and has been fur ther d e m o n s t r a t e d by recent resul ts f rom a 
g r o u p at L ive rpoo l Un ive rs i t y , w h e r e s imi la r c o n c l u s i o n s w e r e 
reached us ing a p-type si l icon subs t ra te ( C a s s e etal. 2 0 0 2 ) . 

3D detectors 
Deep react ive ion etch ing has been d e v e l o p e d for m ic romechan ica l 
s y s t e m s . Th i s a l lows m ic roho les to be e t ched in si l icon with a thick
ness-to-diameter ratio as large as 20 :1 . In the 3 D detectors present ly 
p rocessed at S tan fo rd , U S , by a co l laborat ion involv ing sc ient is ts 
f rom Brunei Universi ty in the UK, as well as Hawai i and Stanford , this 
techn ique is used to etch holes as deep as severa l hundred microns, 
at d i s tances as shor t as 50 f im f rom o n e another . T h e s e ho les are 
t hen f i l led wi th po lyc rys ta l l ine s i l icon d o p e d wi th e i ther bo ron or 
p h o s p h o r u s , w h i c h is t h e n d i f fused into the s u r r o u n d i n g s ing le -
crystal si l icon to m a k e the detector e lec t rodes (f igure 4 ) . T h e si l icon 
subst ra te used for this p rocess is p-type, and the crystal or ientat ion 
is < 1 0 0 > , w h e r e 1,0,0 rep resen t t he crysta l p lane co -o rd ina tes . 
Si l icon a t o m s line up in certa in d i rect ions in the crysta l . < 1 0 0 > cor
responds to hav ing a part icular crysta l p lane at the su r face , and is 
preferred for a better su r face qual i ty. O n c e the e lec t rodes are f i l led, 
the po lyc rys ta l l ine s i l icon is r e m o v e d f rom the su r f aces , a n d the 
dopant is d i f fused. A lumin ium can be depos i ted in a pattern that will 
d e p e n d on h o w the indiv idual e lec t rodes are to be read out. 

T h e response of a 3 D detector, 

3D g e o m e t r y a n d w h e r e all t he e l ec t rodes h a v e 

a r t i \ / P p H t f p ç u / n i i l r l b e e n c o n n e c t e d toge ther by an 

a c t i v e edges w o u i a a i u m i n i u m m i c r o s t r i P j i s s h o w n 

h a v e b e e n a n in the osc i l loscope t races of fig-
i m n n e c i h l o H r o a m u r e 5 l T h e f a s t r a d i a t i o n n a r d 

impoSSIDie aream e lec t ron i cs u s e d for th is tes t 

O n l y 10 y e a r s a g O , w e r e d e s i g n e d by t he C E R N 
, . microe lec t ron ics g roup (Anel l i e t 

a n d n O W t h e y a / . 2 0 0 2 ) . T h e fast r e s p o n s e , 

p r o v i d e a n a t u r a l o b s , e r v e d a f t e r 1 0 1 5 P r o t o n s / 
c m at r o o m t e m p e r a t u r e a n d 

w a y to c o n s t r u c t 4 0 V bias vo l tage , con f i rms tha t 

i m a g e r s f o r c h a r g e d t h e c o m b ' n a t i o n of shor t coi iec-
° ° t ion d i s tance a n d high e lect r ic 

p a r t i c l e s a n d X - r a y S field can improve the radiat ion > 
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t o le rance of s i l icon de tec to rs by poss ib ly a fac tor of 10 c o m p a r e d 
w i th p lana r d e v i c e s . I m p r o v e m e n t f ac to rs f r o m bet te r ma te r ia l s 
shou ld mul t ip ly th is geomet r i c factor . 

A c t i v e edges 
A n e x a m p l e of a 3 D s e n s o r in the p rocess of fabr ica t ion is s h o w n in 
f igure 6. T h e e lec t rodes in th is c a s e are d is t r ibuted in a hexagona l 
pa t te rn , a n d the e d g e s are c o m p l e t e d by an ac t ive t r e n c h , d o p e d 
appropr ia te ly to set the electr ic f ield distr ibut ion inside the detector . 
In p lanar d e v i c e s , the conduc t i ng cu t e d g e of t he s e n s o r mus t be 
p reven ted f rom shor t ing the b ias vo l tage b e t w e e n the t w o su r faces 
by spac ing the top a n d / o r bo t tom of t he e lec t rodes a w a y f rom the 
e d g e s . G u a r d r ings a long the e d g e s m a y a lso be a d d e d to in tercept 
e d g e leakage current , a n d to d rop the vo l tage in a cont ro l led w a y . 
T h e resul t ing d e a d region at t he e d g e wil l be at least c o m p a r a b l e to 
the th i ckness and can be th ree or fou r t imes as large, s o a s p a c e 
mus t be a l l owed for a ser ies of gua rd r ings. 

In 3 D dev i ces , the vo l tage at co r respond ing points on the top and 
bot tom sur faces is equa l , so there is no vol tage drop across the edges. 
E tched t r e n c h e s , f i l led wi th su i tab ly d o p e d po lycrys ta l l ine s i l i con, 
can then be used to m a k e the edge into an e lec t rode, wi th deplet ion 
poss ib le to wi th in a f ew m ic rons of the phys ica l e d g e s . T h e f r e e d o m 
of s u c h d e t e c t o r s f r o m insens i t i ve e d g e reg ions c a n be of g rea t 
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Fig. 6. Photomicrograph of a partially completed 3D sensor with 
one set of electrodes fabricated in a hexagonal pattern. The 
structure at the bottom of the picture is an active edge, and is 
filled with the appropriate dopant to form the electric field 
inside the sensor. 

or w h e n the de tec to r n e e d s to be p laced v e r y c lose to the b e a m . 
S i l i con de tec to r s are a g o o d e x a m p l e to d e m o n s t r a t e h o w the 

part ic le phys i cs c o m m u n i t y can benef i t f r om the t e c h n o l o g y d e v e l 
o p e d by t he m i c r o e l e c t r o n i c s i ndus t ry . 3 D g e o m e t r y a n d ac t i ve 
e d g e s w o u l d h a v e b e e n an imposs ib le d r e a m on ly 10 y e a r s a g o , 
and now they prov ide a natural w a y to const ruct imagers for cha rged 
par t ic les a n d X - r a y s . T h e s t ruc tura l m o l e c u l a r b io logy c o m m u n i t y 
will take a d v a n t a g e of 3 D de tec to rs to s t u d y prote in fo ld ing, wh i le 
research is o n g o i n g to app l y th is t e c h n o l o g y to X- ray m a m m o g r a 
phy. O the r g r o u p s are exp lo r ing a l te rnat ive m e t h o d s for fabr ica t ing 
3 D s t ruc tu res (Pel legr in i etal. 2 0 0 2 ) . 
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f ier in a 0 .25 \im C M O S t e c h n o l o g y , p r e s e n t e d at E L M A U 2 0 0 2 , 
a c c e p t e d for pub l ica t ion in Nucl. Instr. Meth. A. 
G C a s s e et al. 2 0 0 2 Nucl. Instr. Meth. A 487 4 6 5 . 
C D a V i a ' a n d S J W a t t s 2 0 0 2 C a n s i l i con o p e r a t e b e y o n d 
1 0 1 5 n / c m 2 ? , p resen ted at V E R T E X 2 0 0 1 , a c c e p t e d for pub l ica t ion 
in Nucl. Instr. Meth. A. 

FGiano t t i etal. 2 0 0 2 Phys ics potent ial and exper imenta l cha l lenges 
of t he L H C lum inos i t y u p g r a d e C E R N - T H / 2 0 0 2 - 0 7 8 h e p - p h / 
0 2 0 4 0 8 7 . 

C J K e n n e y et al. 2 0 0 1 IEEE Trans, on Nucl. Sci. 48 ( 2 ) 189. 
C K e n n e y , S Parker a n d E Wa lck ie r s 2 0 0 1 IEEE Trans, on Nucl. Sci. 
48 ( 6 ) 2 4 0 5 . 
V G Palmier i etal. 1998 Nucl. Instr. Meth. A 413 4 7 5 . 
S I Parker, C J Kenney and J Segal 1997 Nucl. Instr. Meth. A 395 328 . 
S I Parker and C J Kenney 2001 IEEE Trans, on Nucl. Sci. 48 (5 ) 1629. 
G Pel legrini etal. 2 0 0 2 Nucl. Instr. Meth. A 487 19. 
S R a m o 1939 Proc. IRE 27 584 . 
W S h o c k l e y 1938 J. Appl. Phys. 9 6 3 5 . 
3 D de tec to r s fo r p h y s i c s a n d m o l e c u l a r b io logy app l i ca t i ons : 
h t t p : / / w w w . b r u n e l . a c . u k / r e s e a r c h / r o s e / 3 D . 
R O S E co l labora t ion : h t t p : / / w w w . c r n . c h / r d 4 8 . 

Cinzia DaVia ' Brunei University, UK. 

C E R N Cou r i e r January/February 2003 

a d v a n t a g e w h e n severa l dev i ces are c o m b i n e d to cove r large a reas , 

P E A R S O N 
W i d e B a n d , P r e c i s i o n 

C L A M P O N 

C U R R E N T 

M O N I T O R S 
Clamp-on versions of 
several Pearson™ 
Current Monitors are 
now available. 
These incorporate 
wide-band frequency 
response in a 
demountable configuration 
for use on fixed conductor. Hole 
diameter is 2 inches, and sensitivity 
ranges from 0.001 to 1.0 Volt/Ampere. 
Model 3525, typical of the group, has a sensitivity of 
0.1 V/A, a frequency range of 5 Hz to 15 MHz, and 
5,000 Amperes peak pulse current capability. Pulse 
rise-times down to 25 nanoseconds can be viewed. 
We welcome enquiries regarding custom clamp-on 
monitors to meet special requirements. 

P E A R S O N E L E C T R O N I C S , I N C . 
4009 T r a n s p o r t S t r e e t 
P a l o A l t o , C A 94303, U . S . A . 
T e l e h o n e (650) 494-6444 • F A X (650) 494-6716 
Vis i t o u r w e b s i te at www.pearsonelectronics.com 

http://www.brunel.ac.uk/research/rose/3D
http://www.crn.ch/rd48
http://www.pearsonelectronics.com


FUNDAMENTAL SYMMETRY 

ASACUSA measures 
microwave transition in 

antiprotonic helium 
The ASACUSA collaboration has reinforced its status as a paragon of precision physics 
by following up its impressive six parts in 108 measurement of the antiproton's charge 

and mass with new measurements of its magnetism. John Eades reports. 

Members of the ASACUSA team proudly display the microwave experiment result. 

R e c e n t m o n t h s h a v e s e e n t he m u c h - a w a i t e d s y n t h e s i s of co ld ant i -
h y d r o g e n a t o m s by t w o g r o u p s w o r k i n g at C E R N ' s A n t i p r o t o n 
Dece le ra to r ( A D ; Amore t t i etal.) Gab r i e l se etal.). T h e a im of t h e s e 
co l labora t ions is to c o m p a r e spect ra l fea tu res of h y d r o g e n and ant i -
hyd rogen as a tes t of the C P T invar iance pr inc ip le, w h i c h s ta tes tha t 
unde r cer ta in real ist ic a s s u m p t i o n s a b o u t t he q u a n t u m f ie lds tha t 
represent t h e m , matter and ant imatter will a lways behave in the s a m e 

w a y . H o w e v e r , it is not jus t in an t ihyd rogen a toms that C P T s y m m e t r y 
c a n be t e s t e d , a s t he A S A C U S A co l l abo ra t i on is d e m o n s t r a t i n g . 

If C P T v io la t ion o c c u r s a n y w h e r e in na tu re , it mus t be v e r y s m a l l , 
a n d expe r imen ta l s e a r c h e s for it h a v e usua l l y been d o n e wi th kaon 
b e a m s . T h e s e b e a m s a re c o h e r e n t supe rpos i t i ons of part ic le a n d 
ant ipart ic le w a v e s , a n d s ince sl ight ly d i f ferent m a s s e s imply sl ight ly 
di f ferent de Brogl ie w a v e l e n g t h s , a limit of a few parts in 1 0 1 9 can C> 
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Inside antiprotonic helium 

Fig. 1. ASACUSA's triple resonance experiment on the antiprotonic helium atom. 

In t he an t ip ro ton ic he l i um a t o m ( f i gu re 1, i n s e t ) , a I S e lec t ron 
a n d an an t i p ro ton a re b o u n d to a n a lpha-par t i c le n u c l e u s by t he 
C o u l o m b fo r ce . A s t he I S e lec t ron ca r r ies no orb i ta l a n g u l a r 
m o m e n t u m , its m a g n e t i c d ipo le m o m e n t Jte=gs

e^^B c o m e s 
on ly f r o m its s p i n , S^. T h e d ipo le m o m e n t d u e to t he an t i p ro ton 
sp in Sp x ft, is a t h o u s a n d t i m e s sma l l e r , bu t it ca r r i es a la rge 
orb i ta l a n g u l a r m o m e n t u m Lp « 3 5 - 40ft, a n d th is d o m i n a t e s 
t he va lue of its total magne t i c d ipo le m o m e n t ^(gp-Lp+^Sp)^. 

In t h e s e e x p r e s s i o n s t he v a r i o u s "g - f ac to r s " m e a s u r e ^ h e 
coup l i ng of a par t i c le ' s m a g n e t i s m to its orb i ta l or s p i n e lec t r ic 
cu r ren ts , \xB = Qeh/(4jtmec) is t h e B o h r m a g n e t o n a n d 
^=Qph/(4icMpC) is t he an t i nuc l ea r m a g n e t o n . 

A s t he t w o lep ton ic a n d h a d r o n i c m a g n e t i c d i po les \ie a n d \ip 
i n te rac t at a d i s tance s im i la r to t h e e l e c t r o n - p r o t o n d i s t a n c e in 
t h e h y d r o g e n a t o m , t he m a g n e t i c p rope r t i es o f an t i p ro ton i c 
he l i um are qua l i ta t i ve ly s im i la r to t h o s e of g r o u n d s ta te H a n d H 
a t o m s . H o w e v e r , t h e f r e q u e n c y n e e d e d to f l ip t he e lec t ron sp in is 
e x p e c t e d to be nea r 13 G H z in an t ip ro ton ic he l i um ra ther t h a n the 
1.42 G H z v a l u e fo r t h e h y d r o g e n a t o m ' s g r o u n d s ta te ; t ha t 
requ i red fo r t he an t i p ro ton spin- f l ip s h o u l d be a f e w h u n d r e d 
M H z . T h e he l i um n u c l e u s , hav i ng no s p i n , p lays no ro le . 

T h e s e a r g u m e n t s a re m o r e quan t i ta t i ve l y d i s p l a y e d in f i gu re 1 
fo r t he s ta te w i th pr inc ipa l q u a n t u m n u m b e r n = 3 7 a n d orb i ta l 
q u a n t u m n u m b e r L = 3 5 . T h e f i gu re s h o w s t he e lec t ron sp in up 

a n d d o w n hype r f i ne d o u b l e t ( le f t c e n t r e ) , a n d at h ighe r 
reso lu t i on , t h e fu r the r sp l i t t ing of t h e s e in to s u p e r h y p e r f i n e 
doub le t s w i t h an t i p ro ton sp in up a n d d o w n ( r igh t c e n t r e ) . In t h e 
e x p e r i m e n t , an t i p ro ton i c he l i um a t o m s w e r e c rea ted in co ld 
he l i um g a s c o n t a i n e d in a m i c r o w a v e cav i t y ( s e e p ic tu re o n 
oppos i t e p a g e ) . T h e f r e q u e n c y of m i c r o w a v e s en te r ing t he cav i t y 
t h r o u g h a w a v e g u i d e cou ld t h e n be t u n e d to s e a r c h fo r 
s t imu la ted e lec t ron spin- f l ip t rans i t i ons . Bu t w h y a re t w o laser 
b e a m s requ i red in add i t i on to t h e m i c r o w a v e b e a m ? Cer ta in 
a t o m i c s ta tes l ike ( 3 7 , 3 5 ) c a n be m e t a s t a b l e aga ins t 
ann ih i l a t i on , w h i l e a d j a c e n t o n e s , fo r e x a m p l e ( 3 8 , 3 4 ) , 
r e a c h a b l e f r o m t h e m by laser s t i m u l a t i o n , a re not (CERN Courier 
O c t o b e r 2 0 0 1 p 3 5 ) . A laser pu lse at f r e q u e n c y f + s t imu la tes 
t rans i t i ons b e t w e e n t he t w o , f o r c ing a t o m s in the t w o s ta tes w i t h 
e lec t ron sp in up to ann ih i l a te , bu t no t in t h o s e in w i th e lec t ron 
sp in d o w n , fo r w h i c h t he t rans i t i on f r e q u e n c y f" is s l ight ly 
d i f ferent . A r e s o n a n t m i c r o w a v e pu l se wi l l t h e n f l ip s o m e of 
t h e s e u n t o u c h e d " e l e c t r o n - d o w n " a t o m s to t he " u p " s ta te , a n d a 
s e c o n d f + l aser pu lse f o l l ow ing t h e m i c r o w a v e pu lse c a n be u s e d 
to de tec t th is popu la t i on t rans fe r . T h e e x p e r i m e n t w a s d o n e by 
s c a n n i n g t h e m i c r o w a v e f r e q u e n c y n e a r t he Q E D - c a l c u l a t e d 
d o w n - u p f r e q u e n c y , a n d look ing fo r r e s o n a n t p e a k s in t he rat io 
o f ann ih i la t ion ra tes f o r c e d by t h e t w o laser pu l ses . T h e resu l t ing 
f r e q u e n c y s p e c t r u m is s h o w n o n t h e r ight . 

be p laced on any kaon part ic le a n d ant ipar t ic le m a s s d i f fe rence by 
a de ta i l ed s t u d y of t he i n te r fe rence e f fec ts o b s e r v e d in t h e m . 
H o w e v e r , kaons are m e s o n s , con ta in ing both a mat te r a n d an ant i 
matter quark, and C P T violat ion might not s h o w up in con jugate pairs 
of this k ind. Protons (p ) and ant ipro tons (p) are m a d e only of quarks 
a n d an t i qua rks respec t i ve l y ; h y d r o g e n (H) a n d a n t i h y d r o g e n (H) 
a t o m s are m a d e on ly of qua rks a n d lep tons , a n d of an t iquarks and 
ant i lep tons . In s u c h s y s t e m s , C P T v io la t ion at s o m e sma l l but c ru 
cially impor tant level can certainly not be exc luded wi th equa l rigour. 

A l t hough w e h a v e no q u a n t u m in te r fe rometer for the C P T con ju 

gate H-H pair, w e do h a v e power fu l laser b e a m s , wh i ch w e can use 
to p robe its m e m b e r s wi th ex t reme ly h igh p rec is ion . S ince no o ther 
a s s u m p t i o n t han C P T invar iance n e e d be m a d e in interpret ing w h a t 
h a p p e n s w h e n o n e of t h e m is r e m o v e d f r om a s p e c t r o m e t e r a n d 
rep laced by the other , the H-H pair is in m a n y w a y s the ideal C P T 
t e s t - b e n c h . H o w e v e r , it is v e r y di f f icul t to p r o d u c e a n t i h y d r o g e n 
a t o m s m o v i n g so s low ly tha t t h e y do not drift out of a laser b e a m 
be fo re it c a n s t imu la te o n e of the i r s p e c t r o s c o p i c t rans i t i ons . 
So lu t ions to th is p rob lem are n o w ev iden t l y in s ight, but m a n y diffi
cul t ies rema in be fore the ex t r eme sens i t iv i ty a f fo rded by laser t e c h -
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/ 4 S ^ C l / S / V s microwave cavity. The fine mesh windows admit 
the pulsed antiproton beam on one side and the two laser 
beams on the other with 90% efficiency. They are, however, 
opaque to microwave energy introduced into the cavity through 
th e recta ngular wa veguide. 

n iques ( a n d indeed n e c e s s a r y for mean ing fu l tes ts of C P T invar i 
a n c e ) can be reached . 

A S A C U S A ' s al ternat ive app roach invo lves the m u c h easier task of 
replacing an electron in an ordinary a tom by an ant iproton and mea 
sur ing the spec t roscop ic f r equenc ies of the resul t ing "ant ipro ton ic 
a t o m " . H o w e v e r , w e do not h a v e the C P T c o n j u g a t e "p ro ton ic 
an t ia tom" with wh ich to c o m p a r e it, and must calculate its transit ion 
f requenc ies f rom q u a n t u m e lec t rodynamics , a s s u m i n g the known 
proton va lues for the ant iproton (and also that the calculat ions were 
d o n e p roper ly ) . In this w a y , the A S A C U S A co l laborat ion has deter
mined the relative charge and m a s s of the p ro ton-an t ip ro ton pair to 
six parts in 1 0 8 (Hor i etal.) by laser-st imulat ing opt ica l - f requency 
t rans i t ions in an t ip ro ton ic he l i um ( f igure 1) - t he on ly var ie ty of 
ant iprotonic a tom known to live long e n o u g h to permi t s u c h q u a n 
tum gymnas t i cs (CERN Courier Oc tobe r 2001 p 3 5 ) . 

H o w might w e use this a t o m to invest igate the ant ip ro ton 's mag
netic proper t ies? U n k n o w n large-scale f ie lds are s o m e t i m e s m e a 
sured by de termin ing the ene rgy requi red to turn ove r a magnet i c 
dipole of known st rength p laced in t h e m . At the a tomic sca le , this is 
the basis of classic exper iments on magnet ic effects like the g round-
state hyper f ine spl i t t ing in h y d r o g e n . L ikew ise , by m e a s u r i n g the 
energy of the pho ton n e e d e d to flip the known magne t i c d ipole of 
the e lec t ron in the u n k n o w n magne t i c f ield of the an t ip ro ton , w e 
can m e a s u r e the latter part ic le 's o w n d ipo le f ie ld. 

A S A C U S A has n o w carr ied out s u c h an e lect ron spin-f l ip exper i 
men t ( W i d m a n n et al.), in w h i c h t w o laser b e a m s and a m i c rowave 
b e a m w e r e t uned to resona te wi th the an t ip ro ton ic he l ium a tom 
(see box and f igure 1 for an exp lanat ion of this "tr iple r e s o n a n c e " 
e x p e r i m e n t ) . M i c r o w a v e r e s o n a n c e peaks occu r red at 12 .89596 
and 12 .92467 G H z , co r respond ing to e lect ron spin-f l ips in s ta tes 
of the a tom with ant iproton sp in " u p " and " d o w n " . T h e s e va lues are 
consistent with calculated va lues assuming the proton 's orbital mag
net ic d ipo le m o m e n t for t he an t i p ro ton , and l imit a n y d i f fe rence 
be tween t h e m to less than six parts in 1 0 5 . T h e m e a s u r e d va lues 
a lso d e p e n d on the an t ip ro ton 's sp in magne t i c m o m e n t , but the 

co r respond ing limit for th is ( 1 .6%) is not ye t as good as the va lue 
(0 .3%) d e d u c e d f rom the f ine s t ruc ture of X- ray spec t ra in h e a v y 
ant iprotonic a toms . A prec is ion m e a s u r e m e n t of this latter quant i ty 
will require major i m p r o v e m e n t s in the laser s y s t e m . There fo re w h a t 
will p robab ly c o m e next f rom A S A C U S A are e v e n t ighter l imits on 
the orbital m o m e n t , cha rge and m a s s . 

T h e present result has an unusua l feature . Accord ing to the e q u a 
t ion for ^ ( s e e b o x ) , w h a t is be ing m e a s u r e d is main ly the ratio 
gp/g'p of the fac tors de f in ing the orbi tal cur rent m a g n e t i s m rela
t ionsh ip for the m e m b e r s of the C P T con juga te pair. Howeve r , w e 
have no a t o m s wi th orbi t ing pro tons in our mat ter wo r l d , and g\ has 
a l w a y s impl ic i t ly been taken by def in i t ion to be equa l to 1. T h u s 
whi le C P T invar iance is respec ted wi th in the six parts in 1 0 5 limit 
g iven a b o v e , w e do not know , in the empi r ica l s e n s e , tha t e i ther 
g-factor real ly has the va lue unity. 

Fur ther reading 
Amoret t i etal. 2 0 0 2 Nature419 456 . 
Gabr ie lse etal. 2 0 0 2 Phys. Rev. Lett. 89 2 1 3 4 0 1 . 
Hori etal. 2001 Phys. Rev. Lett. 87 0 9 3 4 0 1 and Rev. Part. Phys. 
2 0 0 2 (Phys. Rev. D 66) p p 5 7 and 73 . 
W i d m a n n et al. 2 0 0 2 Phys. Rev. Lett. 89 2 4 3 4 0 2 . 
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TRIUMF: the home of Ca 
TRIUMF supports a broad range of research 
at the world's largest cyclotron, as well as 
coordinating Canadian contributions to 
international particle physics. 

T h e a c r o n y m for C a n a d a ' s na t iona l l abo ra to ry fo r par t ic le a n d 
nuc lear phys i cs , T R I U M F , w a s ou t of da te a lmos t as s o o n as it w a s 
co i ned . Der i ved f rom "TRI -Un ivers i t y M e s o n Faci l i ty" , it re f lected the 
th ree un ivers i t ies - Brit ish C o l u m b i a , V ic tor ia a n d S i m o n Fraser -
t ha t ini t ial ly c o n c e i v e d t he V a n c o u v e r l abo ra to ry in 1 9 6 5 . We l l 
be fore the p roposa l w a s a p p r o v e d in 1968 , h o w e v e r , the Univers i ty 
o f A lber ta had c o m e on b o a r d , a n d t o d a y 11 C a n a d i a n un ivers i t ies 
be long to the T R I U M F c lub . T h e r e m a i n d e r of the a c r o n y m has a lso 
b e c o m e rather mis lead ing, s ince T R I U M F is now more t han a m e s o n 
faci l i ty . T h e l abo ra to r y ' s cu r ren t ac t iv i t ies i nc lude o p e r a t i n g t he 
rad ioact ive b e a m faci l i ty, I S A C , a n d the coord ina t ion of C a n a d a ' s 
role in t he Large H a d r o n Col l ider ( L H C ) pro ject at C E R N . 

T h e T R I U M F cyc lo t ron w a s buil t unde r the g u i d a n c e of J Reg ina ld 
R i c h a r d s o n , w h o s tud ied unde r Ernes t L a w r e n c e at Berke ley . It pro
d u c e d its first b e a m in 1974. T h e cyc lo t ron is literally at the hear t of 
the laboratory, with a m e s o n hall to one s ide and a proton hall to the 
other . It w a s the first cyc lo t ron in the wor ld to p rov ide t w o ex t rac ted 
b e a m s s imu l t aneous l y at d i f ferent ene rg ies . T o d a y , it p rov ides four 
b e a m s supp ly ing exper imen ts in part ic le a n d nuc lear phys ics , astro
phys i cs , mater ia ls s c i e n c e , a n d a range of med ica l a n d industr ia l 
app l i ca t ions . 

Part ic le and nuc lear phys ics 
In recent y e a r s , T R I U M F ' s on-s i te part ic le phys i cs e x p e r i m e n t s h a v e 
been cen t red a r o u n d t w o ma jo r faci l i t ies, T W I S T a n d C H A O S . T W I S T 
( the T R I U M F W e a k Interact ion S y m m e t r y T e s t de tec to r ) w a s built by 
a 30-s t rong C a n a d i a n - R u s s i a n - U S co l labora t ion . It uses a s tack of 
prec is ion t rack ing c h a m b e r s wi th in a s u p e r c o n d u c t i n g so leno id to 
m e a s u r e the ene rgy s p e c t r u m a n d angu la r d ist r ibut ion of the d e c a y 
pos i t rons f rom highly po lar ized m u o n s , wi th the a im of de te rm in ing 
the so-cal led Michel parameters to a few parts in 10" 4 . T h e purely lep-
tonic decay [ x - > e v v is one of the best exper imenta l tools for s tudy
ing the s t ructure of the w e a k in teract ion, prov id ing an oppor tun i ty to 
exp lo re phys i cs b e y o n d the V - A s t ruc tu re of t he S t a n d a r d M o d e l . 
T h e cur rent data- tak ing p h a s e s h o u l d p rov ide in te rmed ia te resul ts 
for the p a n d ô pa rame te r s at t he 1 0 " 3 level by the end of 2 0 0 3 . 

C H A O S ( the C a n a d i a n High A c c e p t a n c e Orbi t S p e c t r o m e t e r ) has 
b e e n u s e d by a Canad ian - l t a l i an -German-Aus t ra l i an -US co l labora
t ion to tes t the pred ic t ions of Chira l Per turbat ion T h e o r y ( C h P T ) by 
de te rm in ing its low e n e r g y cons tan t s f rom a s tudy of p i o n - n u c l e o n 
scat ter ing at low energ ies . O n e p r o g r a m m e has f o c u s e d on differ
ential c ross sect ion and ana lys ing power m e a s u r e m e n t s ove r a large 
angu la r range at energ ies be low the A r e s o n a n c e . T h e s e m e a s u r e 
men ts have led to m u c h more prec ise p h a s e shif ts and a de te rm ina

t e TRIUMF cyclotron magnet, half-complete, in January 1972. 

The ISAC-II building will be ready in February this year. 

t ion of the 2 te rm related to the s t r angeness con ten t of the nuc léon . 
It has con f i rmed a rev is ion of the p ion ' s s t rong coup l ing cons tan t 
g^pp t o w a r d s lower v a l u e s ( 1 3 . 0 5 ± 0 . 0 0 8 ) . 

A s e c o n d p r o g r a m m e has s tud ied o b s e r v a b l e s in p ion - induced 
pion p roduc t ion on the pro ton to a c c e s s the p i o n - p i o n scat te r ing 
lengths a n d a ^ , w h i c h are ca lcu lab le in ChPT . Th i s p r o g r a m m e 
has a lso b e e n c o n d u c t e d on a range of nucle i to s tudy a poss ib le 
renormal iza t ion of the p ion f ield in nuc le i . 

Radioact ive beams 
In 1995 , t h e C a n a d i a n fede ra l g o v e r n m e n t a n d t he p r o v i n c e o f 
Brit ish C o l u m b i a a p p r o v e d fund ing for a state-of- the-art rad ioac t ive 
b e a m faci l i ty at T R I U M F - t he Iso tope S e p a r a t o r and Acce le ra to r 
( I S A C ; CERN Courier J u l y / A u g u s t 2 0 0 1 p 2 1 ) . ISAC is supp l i ed by a 
40 l i A , 5 0 0 M e V pro ton b e a m f rom the cyc lo t ron , w h i c h in teracts 
with a target to p roduce iso topes wi th l i fet imes as shor t as 10 m s for 
s tudy . T h e s e are ei ther fed di rect ly to expe r imen ts in a low-energy 
a rea , or acce le ra ted in R F Q a n d dri f t- tube l inacs to 1.5 M e V / u for 
use in a h igh-energy a r e a . 

T h e l ow-ene rgy b e a m s ( u p to 6 0 k e V ) a re used in a b road pro
g r a m m e c o v e r i n g f u n d a m e n t a l s y m m e t r y tes ts , nuc lea r s t ruc tu re 
s tud ies in nucle i far f rom stabi l i ty, a n d c o n d e n s e d mat te r s tud ies 
us ing light po lar ized ions. Prec is ion m e a s u r e m e n t s of pure-Fermi (3-
d e c a y l i fet imes a n d b ranch ing rat ios h a v e been m a d e for 7 4 R b , a n d 
toge ther wi th tha t of the Q v a l u e , w h e n c o m p l e t e , will imp rove the 
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nadian subatomic physics 

One of two HECs delivered to CERN for ATLAS. 

tes t ing of C V C a n d t he d e t e r m i n a t i o n of t he V u d e l e m e n t of t he 
quark -m ix ing matr ix . Cor re la t ion s tud ies in (3 d e c a y w i th t r a p p e d 
a toms ( the T R I N A T p r o g r a m m e with 3 8 m K and polar ized 3 7 K ) are plac
ing cons t ra in ts on ex tens ions of the S t a n d a r d M o d e l . 

A low- tempera tu re nuc lear or ienta t ion refr igerator for on l ine N M R 
a n d per tu rbed angu la r cor re la t ion s tud ies , a n d a large g e r m a n i u m 
g a m m a - r a y de tec to r a r ray ( the f o r m e r Cha lk River 8 J T s p e c t r o m e 
te r ) , a re be ing used in s tud ies of nuc lear s t ruc ture . 

A nove l facil i ty for (3-NMR s tud ies of c o n d e n s e d (espec ia l l y super
conduc t i ng ) mater ia ls has been c o m m i s s i o n e d . Light polar ized ions 
(cur ren t ly 8 L i ) are p r o d u c e d v ia co l l inear po lar ized laser b e a m exc i 
ta t ion , wh i le the s p e c t r o m e t e r si ts at an ad jus tab le h igh vo l tage . 
T h e range of the ions can be ad jus ted so tha t t h e y s top on the sur
f a c e of t he s a m p l e or at a p resc r i bed d e p t h , a l l ow ing s tud ies of 
m a g n e t i s m on su r faces , in th in laye red mater ia ls a n d at in ter faces. 

O n 2 5 J u l y 2 0 0 1 , the first acce le ra ted b e a m w a s de l i ve red to the 
high-energy a rea . Early exper imen ts inc luded s tud ies of unstab le iso
t o p e s tha t are impor tan t in t he rapid pro ton a n d neu t ron cap tu re 
p r o c e s s e s of nova a n d s u p e r n o v a nuc leosyn thes i s . I S A C ' s nuc lear 
as t rophys ics p r o g r a m m e is carr ied out at t w o c o m p l e m e n t a r y faci l i
t ies in the h igh-energy area - a la rge-acceptance recoil spec t romete r 
sys tem ( D R A G O N ) and a la rge-acceptance scat ter ing facil i ty ( T U D A ) . 

Ear ly m e a s u r e m e n t s m a d e wi th D R A G O N inc lude a s t u d y of the 
cap tu re of a p ro ton by s o d i u m - 2 1 to y ie ld m a g n e s i u m - 2 2 , a key 
s tep on the w a y to the p roduc t ion of s o d i u m - 2 2 in n o v a e . O n e of 

Excitation function for p(21Na,p) scattering showing 2 2 Mg 
excited states at 6 .33 , 6.62 and 6.81 MeV, of special interest 
for nucleosynthesis in novae. 

T U D A ' s first m e a s u r e m e n t s w a s the elast ic scat ter ing of a s o d i u m -
21 b e a m f rom a proton target , w h i c h y ie lded in format ion that he lps 
to cons t ra in t h e s o d i u m - 2 1 / m a g n e s i u m - 2 2 reac t ion at t he h igh 
t e m p e r a t u r e s f o u n d in n o v a e . Fu tu re m e a s u r e m e n t s wil l exp lo re 
o ther key p r o c e s s e s in the nuc l eosyn thes i s cyc les of n o v a e , as wel l 
as reac t ion c h a i n s tha t a re i m p o r t a n t in no rma l l y bu rn ing s ta rs . 

W o r k on an upg rade to the ISAC faci l i ty, ISAC-I I , b e g a n in spr ing 
2 0 0 2 a n d is s c h e d u l e d for comp le t i on by 2 0 0 5 . ISAC-II will incor
porate a s u p e r c o n d u c t i n g l inac to ex tend the faci l i ty 's r e a c h , pro
v id ing 6 M e V / n u c l e o n ions up to a t o m i c m a s s e s of a r o u n d 150 , 
and 1 5 M e V / n u c l e o n l ight ions. 

M u o n spin rotat ion 
T h e c o n d e n s e d mat te r p r o g r a m m e is v e r y ac t i ve , w i th 150 use rs 
s e r v e d by t h ree m u o n b e a m l i n e s . By s t o p p i n g h igh ly po la r i zed 
m u o n s in a s a m p l e a n d s tudy ing the re laxat ion of thei r sp ins us ing 
m u o n sp in rotat ion ( j x S R ) t e c h n i q u e s , fore f ront research is carr ied 
out in superconduc t i v i t y , exot ic s u p e r c o n d u c t o r s , m a g n e t i s m , s e m i 
c o n d u c t o r impur i t y b e h a v i o u r , a n d ( in c h e m i s t r y ) f ree rad ica ls , 
supercr i t ica l wa te r , a n d g a s - p h a s e react ion rates. 

Part ic le phys ics of f -s i te 
T R I U M F p r o v i d e s in f ras t ruc tu re s u p p o r t for C a n a d i a n phys i c i s t s 
invo lved in e x p e r i m e n t s at o ther labora tor ies , wi th the help of staf f 
s ta t ioned both at T R I U M F a n d at the m e m b e r un ivers i t ies . Its ma jo r 
current act iv i ty is coord ina t ing C a n a d a ' s contr ibut ion to C E R N ' s LHC 
p r o t o n - p r o t o n col l ider a n d the A T L A S exper iment . T h e first p h a s e of 
the L H C w o r k ( f rom 1995 to 2 0 0 0 ) p rov ided m a g n e t s , p o w e r s u p 
pl ies, H V e q u i p m e n t , k ickers , RF cav i t ies , d iagnos t i cs and e lec t ron
ics t o w a r d s upg rad ing t he PS Boos te r a n d PS m a c h i n e s to m e e t 
L H C b e a m r e q u i r e m e n t s {CERN Courier Apr i l 1998 p 5 ) . B e a m 
d y n a m i c s w o r k inc luded des ign of t he L H C c lean ing inser t ions. T h e 
s e c o n d phase , prov id ing c o m p o n e n t s for the LHC itself, will br ing the 
total con t r ibu t ion to C $ 4 1 mi l l ion ( € 2 8 mi l l ion) : 52 w a r m tw in > 
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A patient awaits proton therapy for an eye tumour. 

quad rupo les for the c lean ing inser t ions (CERN Courier D e c e m b e r 
2 0 0 2 p 3 0 ) ; the inject ion kicker power supp l ies ; and beam-pos i t ion-
moni to r e lec t ron ics . 

T h e C a n a d i a n A T L A S g r o u p ( a n d h e n c e T R I U M F ) is i nvo l ved in 
s e v e r a l cons t ruc t i on p ro jec ts cen t r ed a r o u n d m e a s u r i n g part ic le 
energ ies in the l iquid a rgon Hadron i c E n d c a p Ca lo r imete rs ( H E C s ) : 
half of the ma in 4 m d iame te r H E C s , n o w de l ivered to C E R N (wi th 
t he Un ive rs i t y of A l b e r t a ) ; t h e f o r w a r d H E C s (w i th Ca r l e ton a n d 
T o r o n t o ) ; a n d the 50 f e e d t h r o u g h por ts , e a c h w i th 1920 s igna l 
l ines, for t he e n d c a p c r yos ta t s (w i th V i c to r i a ) . T R I U M F is a lso 
invo lved in bui ld ing the pipel ine e lect ron ics for the ca lor imeters and 
t h e th i rd- leve l t r igger e lec t ron i cs (w i th A l b e r t a ) , in d e v e l o p i n g 
phys ics s imula t ions (for wh i ch it is an act ive m e m b e r of the G E A N T 4 
c o n s o r t i u m ) , and in par t ic ipat ing in the A T L A S data cha l lenge and 
h igh-speed data- t ransfer tes t b e t w e e n T R I U M F and C E R N in p repa
rat ion for A T L A S data ana lys is ( p 9 ) . 

T h e laboratory is a lso st rongly invo lved in the H E R M E S exper iment 
at D E S Y , G e r m a n y , and in the rare d e c a y s e a r c h e s E 7 8 7 ( w h e r e the 
f i rs t -ever K + - ^ j t + v v e v e n t s h a v e n o w b e e n s e e n ) a n d KOPIO 
(K°^> j t ° v v ) at the B r o o k h a v e n A l ternat ing Grad ien t S y n c h r o t r o n . 
Signi f icant cont r ibu t ions h a v e a lso been m a d e to BaBar at S L A C , 
U S , a n d con t i nue at t he S u d b u r y Neu t r i no O b s e r v a t o r y ( S N O ) in 
eas te rn C a n a d a . 

A d v a n c e d detec tors 
T h e Univers i ty of Brit ish C o l u m b i a and T R I U M F are cons t ruc t ing an 
in tegra ted in f ras t ruc ture faci l i ty at T R I U M F to d e v e l o p i nnova t i ve 
de tec to r t e c h n o l o g y for sc ient i f ic , med ica l a n d industr ia l app l i ca
t ions. T h e Laboratory for A d v a n c e d Detector D e v e l o p m e n t ( L A D D ) is 
f u n d e d by the C a n a d a F o u n d a t i o n for I nnova t ion a n d the Brit ish 
C o l u m b i a K n o w l e d g e D e v e l o p m e n t F u n d , in con junc t i on wi th the 
University of Montreal and the British Columbia Cancer Institute. These 
faci l i t ies are pool ing resou rces a n d pe rsonne l to fo rm a wor ld -c lass 
R & D par tnersh ip un ique in C a n a d a . L A D D ' s state-of- the-art infra
structure will enab le Canad ian universi t ies to prov ide impor tant con 
tributions to exper iments in high-energy and nuclear physics, materials 
a n d as t rophys i ca l s c i e n c e s , a n d m e d i c a l imag ing app l i ca t i ons . 

L A D D research will concen t ra te on the d e v e l o p m e n t of new t ypes 
of imag ing detec tors and s y s t e m s for g a m m a rays a n d cha rged par

t icles - key c o m p o n e n t s in f undamen ta l phys ics exper iments and in 
industr ial and med ica l imag ing app l ica t ions . Initial projects inc lude 
de tec to r s y s t e m s for t he KOPIO e x p e r i m e n t at B r o o k h a v e n a n d 
posi t ron em iss ion t o m o g r a p h y ( P E T ) imag ing techno log ies . 

Appl icat ions 
T h e app l ica t ion of bas ic phys i cs has a l w a y s been high on T R I U M F ' s 
a g e n d a , wi th p ioneer ing wo rk on muon -ca ta l ysed fus ion and m e d 
ical appl icat ions being carr ied out at the laboratory. A l though the ini
tial p romise of fered by the muon i c a tom app roach to fus ion has not 
been rea l i zed , T R I U M F ' s med ica l w o r k has led to impor tan t sp in 
offs. In the 1970s and 1980s, the laboratory invest igated the use of 
p ions in c a n c e r t he rapy . T h e mot iva t ion for this c a m e f rom a 1961 
paper by Peter Fowler and Dona ld Perkins that pointed out that p ions 
- like o ther h a d r o n s - depos i t mos t of their ene rgy in a Bragg peak 
at the end of thei r t ra jector ies. Mo reove r , w h e n p ions are cap tu red , 
the captur ing nuc leus d is in tegrates , add ing a star burst of radiat ion 
to the Bragg peak that cou ld inc rease the e f fec t iveness of the treat
ment . Cl in ical t r ia ls s h o w e d tha t wh i le the s ide ef fects w e r e less 
seve re for pat ients w h o rece ived pion t he rapy rather than more c o n 
ven t i ona l t r e a t m e n t , t he su rv i va l rate w a s the s a m e , s o t he pro
g r a m m e w a s e n d e d . H o w e v e r , c a n c e r t r e a t m e n t at T R I U M F 
con t inues , wi th a pro ton b e a m in rout ine use to t reat eye t u m o u r s . 

T R I U M F research into n e w rad io iso topes for med ica l app l ica t ions 
is exploi ted direct ly by the medica l isotope firm M D S Nord ion , under 
an ag reemen t w h e r e b y T R I U M F rece ives royalt ies on sa les . T h e c o m 
p a n y o p e r a t e s t w o sma l l c y c l o t r o n s o n s i te ( o n e d e s i g n e d in a 
T R I U M F - E b c o co l labora t ion ) , and is cur rent ly instal l ing a th i rd . T h e 
laboratory is a lso invo lved in pro jects wi th local hospi ta ls , for e x a m 
ple opera t ing , a n d prov id ing a s o u r c e of rad io t racers for, the PET 
s c a n n e r s for t he U B C N e u r o d e g e n e r a t i v e D isorders Cen t re , w h i c h 
is r e n o w n e d for its research into Park inson ' s d i sease . 

Non-med ica l wo rk inc ludes a proton irradiat ion facil i ty d e v e l o p e d 
wi th s p a c e s c i e n c e app l i ca t ions in m i n d . T h e T R I U M F cyc lo t ron ' s 
ene rgy range is wel l m a t c h e d to that of p ro tons f rom so lar f lares, 
mak ing t h e m ideal for eva lua t i ng mater ia ls to be used in s p a c e . 

F u t u r e plans 
Since 1995 , T R I U M F has been f u n d e d on the bas is of t w o 5 y e a r 
p lans - an a r r a n g e m e n t that has e n a b l e d the lab to m a k e commi t 
ments to s izeable projects such as ISAC- I , ISAC-II and the C E R N LHC 
co l labora t ion . But w h a t of the fu tu re? T h e w h e e l s of g o v e r n m e n t 
gr ind s low ly , a n d it will s o o n be t ime to submi t a p roposa l for the 
yea rs 2 0 0 5 - 2 0 1 0 . For the past year , t he T R I U M F user c o m m u n i t y 
and m a n a g e m e n t h a v e b e e n e n g a g e d in a p rocess to de te rm ine 
w h a t shou ld be inc luded . Th i s is not ye t comp le te , but there s e e m s 
to be b road a g r e e m e n t tha t the lab 's ma in thrust mus t be to explo i t 
the new ly c o m p l e t e d ISAC faci l i t ies as ful ly as poss ib le ( p e r h a p s 
p rov id ing add i t iona l s i m u l t a n e o u s rad ioac t i ve ion b e a m s ) , wh i l e 
cont inu ing to supp l y major eng ineer ing suppo r t for Canad ian phys i 
c ists ' expe r imen ts at o ther labs. S u c h a p r o g r a m m e shou ld p rov ide 
exci t ing research possibi l i t ies for the fu ture . 

Jean-Miche l Pout issou and Michael Craddock, TRIUMF, and 
J a m e s Gillies, CERN. 
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In a spin at Brookhaven 
The mysterious quantity that is spin took centre stage at Brookhaven for the SPIN2002 

meeting last September: Yousef Makdisi and Thomas Roser report. 

SPIN2002 participants pose for the traditional group photo on a sunny day at Brookhaven. 

T h e 15th biennial International Sp in Phys ics S y m p o s i u m ( S P I N 2 0 0 2 ) 

w a s held at B r o o k h a v e n Nat iona l Labora to ry on 9 - 1 4 S e p t e m b e r 

2 0 0 2 . S o m e 2 5 0 sp in e n t h u s i a s t s a t t e n d e d , i nc lud ing expe r i 

men te r s a n d theor is ts in both nuc lea r a n d h igh-energy phys i cs , as 

we l l as acce le ra to r phys ic i s ts a n d po la r i zed ta rge t a n d po la r i zed 

s o u r c e exper ts . T h e s ix -day s y m p o s i u m inc luded 23 p lenary ta lks 

a n d 150 paral le l ta lks. S P I N 2 0 0 2 w a s p r e c e d e d by a o n e - d a y sp in 

p h y s i c s tutor ia l for s t uden t s , p o s t d o c s , a n d a n y o n e e lse w h o felt 

t he n e e d for a re f resher cou rse . 

In the open ing talk, " A Beaut i fu l S p i n " , X i a n g - d o n g Ji of Ma ry l and 

rev i ewed the h istory of s p i n , s tar t ing wi th the 1925 pub l ica t ion by 

G e o r g e U h l e n b e c k a n d S a m u e l G o u d s m i t that i n t roduced sp in as a 

f u n d a m e n t a l p rope r t y of m o s t s u b a t o m i c par t ic les . J i n o t e d tha t 

ou r 3+1 -d imens iona l s p a c e - t i m e is s y m m e t r i c a l unde r t rans la t ion 

a n d ro ta t ion ; th is s y m m e t r y resu l ts in t w o un ive rsa l o b s e r v a b l e s , 

m a s s a n d sp in . U n d e r s t a n d i n g t h e s e t w o f u n d a m e n t a l quant i t ies 

has b e e n a centra l goal of par t ic le a n d nuc lear phys i cs t h r o u g h o u t 

m u c h of the 20 th cen tu ry . He w e n t on to desc r i be the inva luab le 

role tha t sp in p lays in u n c o v e r i n g p h y s i c s b e y o n d t he S t a n d a r d 

M o d e l , nuc léon s t ruc ture a n d nonper tu rba t i ve q u a n t u m c h r o m o d y -

n a m i c s ( Q C D ) . 

Q u a r k s t r u c t u r e 
O v e r the last d e c a d e , great p rog ress has b e e n m a d e in m e a s u r i n g 

the qua rk sp in s t ruc tu re f u n c t i o n s of t h e n u c l é o n w i th t he S M C 

exper iment at C E R N , H E R M E S at H a m b u r g ' s D E S Y laboratory, and at 

the S tan fo rd L inear Acce le ra to r Cen te r ( S L A C ) in Cal i forn ia . T o d d 

Avere t t of the Un ivers i ty of Wi l l iam a n d Mary a n d A n d r e w Mil ler of 

T R I U M F s u m m a r i z e d th is p rog ress . Inc lus ive d e e p inelast ic scat ter

ing ( D I S ) m e a s u r e m e n t s h a v e e s t a b l i s h e d tha t q u a r k s a n d ant i 

quarks c o m b i n e d ( v a l e n c e a n d s e a ) cont r ibute on ly a smal l f ract ion 

of the nuc léon sp in on ave rage . There fo re there mus t be a signif icant 

cont r ibu t ion f r om g l u o n s a n d / o r orbi ta l angu la r m o m e n t u m . It is 

poss ib le that the v a l e n c e qua rk cont r ibu t ion to the nuc léon sp in is 

large, but is of fset by a nega t i ve sea qua rk po lar iza t ion. 

Semi - inc lus ive DIS da ta , w h e r e an ou tgo ing had ron is o b s e r v e d , 

shou ld separa te the contr ibut ions f rom va lence and sea quarks. N e w 

resul ts w e r e p resen ted f rom H E R M E S s h o w i n g little or no s e a polar

izat ion, but w i th large er rors , s o it is diff icult to d raw a conc lus ion at 

th is s tage . T h e ind icat ion of a pos i t ive s t range quark polar izat ion is 

qu i te in terest ing. Future par i ty-v io lat ing W - b o s o n p roduc t ion f rom 

h igh-energy polar ized proton col l is ions shou ld direct ly m e a s u r e ant i-

quark po lar izat ion, s e p a r a t e d by f lavour . Sca l ing v io la t ions in DIS ï> 
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Charles Prescott (left) ofSLAC and Thomas Roser of 
Brookhaven, former and current chairs of the International 
Spin Committee, in discussion over coffee at SPIN2002. 

data at d i f ferent energ ies p rov ide a f irst g l impse of g luon polar iza
t ion , w h i c h a p p e a r s to be s igni f icant . Future resul ts f rom the exper i 
men ts C O M P A S S at C E R N , E-160 at S L A C , and P H E N I X a n d S T A R at 
B r o o k h a v e n , wi th c o m p l e m e n t a r y k inemat ic c o v e r a g e , are eager ly 
a w a i t e d . R ichard Mi lner of MIT-Bates s h o w e d recen t p lans for the 
next -genera t ion m e a s u r e m e n t s of po lar ized DIS us ing a p r o p o s e d 
h igh- luminos i ty e l e c t r o n - i o n col l ider ( E I C ) . 

O n the theory front, Marco S t ra tmann of R e g e n s b u r g rev iewed the 
theore t ica l f r a m e w o r k for desc r ib ing longi tud ina l sp in a s y m m e t r i e s 
in per turbat ive Q C D , a n d the p rog ress m a d e in the co r respond ing 
h igher-order ca lcu la t ions. He t hen ven tu red into the d o m a i n of h igh-
ene rgy po lar ized pro ton co l l is ions a n d out l ined the f r a m e w o r k for 
g loba l Q C D a n a l y s e s . K o s t a s O r g i n o s of t he R I K E N - B r o o k h a v e n 
R e s e a r c h Cen te r ( R B R C ) r ev i ewed the p rog ress , resul ts a n d fu ture 
p r o s p e c t s for l ea rn ing a b o u t n u c l é o n sp in s t ruc tu re f r o m latt ice 
Q C D . Phil ip Ratcl i f fe of t he Un ivers i ty of Insubr ia e x p a n d e d on the 
latest a t tempts to exp la in the large o b s e r v e d s ing le-sp in t r ansve rse 
a s y m m e t r i e s in inc lus ive h y p e r o n a n d p ion p roduc t i on , as wel l as 
lep ton- induced p roduc t i on . R e c e n t theore t ica l a d v a n c e s ca lcu la te 
s u c h a s y m m e t r i e s pe r tu rba t i ve l y in t e r m s of in t r ins ic t r a n s v e r s e -
m o m e n t u m d e g r e e s of f r e e d o m in h a d r o n s , a n d of h igher - tw is t 
ef fects. He h igh l ighted the re -emerg ing d o m a i n of t ransvers i t y and 
h o w to a c c e s s it in po lar ized had ron p roduc t ion p r o c e s s e s s u c h as 
D r e l l - Y a n , as we l l as s e m i - i n c l u s i v e p r o c e s s e s in po la r i zed lep-
t o n - n u c l e o n col l is ions. Inev i tab ly , he p leaded for add i t iona l exper i 
menta l da ta . Marc V a n d e r h a e g h e n of Ma inz r ev i ewed the relat ively 
new a n d exci t ing f ield of D IS exc lus i ve p r o c e s s e s a n d genera l i zed 
par ton d is t r ibut ions, w h i c h cou ld p rov ide in fo rmat ion on the orbital 
angu la r m o m e n t u m of pa r tons in the n u c l é o n . 

K laus Helb ing of Er langen rev iewed the s ta tus of t he exper imenta l 
ver i f icat ion of the G e r a s i m o v - D r e l l - H e a r n ( G D H ) s u m rule, wh i ch 
re lates a we igh ted integral of t he s p i n - d e p e n d e n t p h o t o n - n u c l e o n 
absorp t ion cross-sect ion to the a n o m a l o u s magne t i c m o m e n t of the 
nuc léon , and is w ide ly be l ieved to s tand on ve ry sol id g round in Q C D . 
Proton resul ts f rom the Ma inz Micro t ron a n d E L S A m a c h i n e at Bonn 
h a v e n o w ver i f ied th is s u m rule at the 5% leve l . Fur ther e x p e r i m e n 
tal in fo rmat ion in the r e s o n a n c e reg ion a n d at h igh ene rg ies f rom 

Maryland's Xiang-dong Ji presented George Uhlenbeck and 
Samuel Goudsmitas the heroes of spin. Uhlenbeck and 
Goudsmit first proposed the property of spin in 1925. 

laborator ies s u c h as Je f fe rson Labora to ry ( J L a b ) in Virg in ia will be 
impor tant . Th i s is espec ia l l y t rue for t he neu t ron . T h e rich s p e c t r u m 
of low-energy electron and photon- induced exper iments f rom H IGS at 
Duke Univers i ty , L E G S at B r o o k h a v e n , G R A A L in Grenob le a n d L E P S 
at Ha r ima , J a p a n ( l isted in increas ing ene rgy f rom 0.6 to 2 4 0 0 M e V ) 
w e r e c o v e r e d by A n d r e w Sandor f i of B r o o k h a v e n . He deta i led w o r k 
on the G D H s u m rule a n d l a m b d a product ion with an effort to under
s tand the 1405 M e V r e s o n a n c e . H e looked to the fu ture EIC a n d 
back-sca t te red p h o t o n s to ex tend the reach to 6 5 0 0 MeV . 

B r o o k h a v e n ' s Haix in H u a n g repor ted on the first opera t ion of the 
Relat iv ist ic H e a v y Ion Col l ider ( R H I C ) as a po lar ized pro ton col l ider. 
Po la r i zed p ro ton b e a m s in R H I C w e r e recen t l y a c c e l e r a t e d to 
100 G e V w i thou t s ign i f icant loss of po lar iza t ion ; th is con f i rmed tha t 
the t w o S iber ian s n a k e s insta l led in e a c h ring indeed wo rk as pre
dicted at Novosib i rsk by Yaros lav De rbenev and Anato ly Kondra tenko 
abou t 25 y e a r s ago . T h e wo r l d ' s first po lar ized pro ton col l is ions in a 
co l l ider w e r e o b s e r v e d at R H I C at a cen t re -o f -mass e n e r g y of 
2 0 0 G e V a n d a luminos i t y of a b o u t 1.5 x 1 0 3 0 c m ~ 2 s _ 1 . H o w e v e r , 
d u e to a s ign i f i can t po la r i za t ion loss in t he A l te rna t ing G r a d i e n t 
S y n c h r o t r o n ( A G S ) , w h i c h s e r v e s as the in jector for R H I C , t he max i 
m u m b e a m po la r iza t ion w a s on ly a b o u t 25%. T h i s c a n be par t ly 
a s c r i b e d to a w e a k t e m p o r a r y r e p l a c e m e n t for t he A G S ' s fa i led 
3 0 M W moto r -genera to r . T h e p ro ton b e a m po lar iza t ion w a s m e a 
su red by the p r o t o n - c a r b o n C o u l o m b nuc lear in ter ference reac t ion , 
a topic that w a s a lso cove red by Boris Kopel iov ich of the Max Planck 
Inst i tute in H e i d e l b e r g in his t heo re t i ca l r ev iew of p r o t o n - p r o t o n 
elast ic scat ter ing . B r o o k h a v e n ' s Les B land repor ted on the had ron 
sp in phys i cs e x p e r i m e n t s dur ing R H I C ' s f irst shor t t h ree -week polar
ized da ta run . T h e s e inc luded the obse rva t i on of large a s y m m e t r i e s 
in neutra l p ion p roduc t ion by the S T A R exper imen t , a n d in neu t ron 
p roduc t ion by the P H E N I X e x p e r i m e n t at large F e y n m a n - x ( the ratio 
of o b s e r v e d longi tud ina l m o m e n t u m to the m a x i m u m a l l o w e d ) in 
polar ized p r o t o n - p r o t o n col l is ions at 2 0 0 G e V in the centre of m a s s . 

R e p r e s e n t i n g t he nex t g e n e r a t i o n of sp in phys i c i s t s , M i ch i gan 
g radua te s tuden t Vass i l i M o r o z o v p resen ted s o m e o ther impress i ve 
po la r i zed b e a m ef for ts . Du r i ng t h e v e n e r a b l e Ind iana Un ive rs i t y 
Cyc lo t ron Faci l i ty ( I U C F ) coo le r r ing 's f inal yea r , M o r o z o v a n d his 
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co l l eagues spin- f l ipped both vec to r a n d t enso r po lar ized deu te rons 
for the f irst t ime . T h e y a lso sp in - f l i pped po la r i zed p ro tons wi th a 
m e a s u r e d spin-f l ip ef f ic iency of 99 .93 ± 0 .02% (CERN Courier Apri l 
p 6 ) . T h e r e w e r e m a n y repor ts of the impress i ve p rogress on polar
ized sou rces and polar ized sol id a n d gas targets . The i r ever - increas
ing intensi t ies a n d po lar iza t ions are essen t ia l to t he f ield of sp in 
p h y s i c s , a n d w e r e h igh l igh ted in a rev i ew by E rha rd S te f f ens of 
E r l angen , and in w o r k s h o p s u m m a r i e s by V lad imi r D e r u n c h u c k of 
IUCF) a n d M a n o u c h e h r F a r k h o n d e h of MIT-Bates . 

Beyond the S tandard Model 
T u r n i n g to p r o b e s of p h y s i c s b e y o n d the S t a n d a r d M o d e l , Erns t 
S i c h t e r m a n n of Y a l e p resen ted the recent h ighly p rec ise m e a s u r e 
m e n t of t he m u o n a n o m a l o u s m a g n e t i c m o m e n t (g -2 ) us ing the 
high- intensi ty polar ized posi t ive m u o n s to rage ring that is fed by the 
A G S . T h e latest resul t is a b o u t a t w o - s i g m a dev ia t i on f r o m the 
Standard Model (CERN Courier S e p t e m b e r p8 ) . Cons iderab le theory 
wo rk is in p rogress , and nega t i ve m u o n da ta are be ing a n a l y s e d by 
the exper iment . N e w expe r imen ts are p lanned to m e a s u r e the neu 
t ron electr ic d ipole m o m e n t us ing polar ized neut rons at Los A l a m o s . 

Kr ishna Kumar of Massachuse t t s rev iewed parity v iolat ion in polar
ized e lect ron scat ter ing. T w o ma jo r expe r imen ts - S A M P L E at Bates 
and H A P P E X at J L a b - are us ing pari ty v io lat ion to s tudy the s t range-
ness content of the proton. T h e new high-precision E158 exper iment 's 

m e a s u r e m e n t of parity v io lat ion in Mol ler scat ter ing at S L A C will test 
the S t a n d a r d M o d e l p red i c t i ons for t he e lec t ron ' s w e a k c h a r g e . 

T h e last d a y of S P I N 2 0 0 2 f o c u s e d mos t l y on the fu ture. Gudr id 
Moortgat-Pick of D E S Y d i scussed po lar ized e lec t ron -pos i t r on l inear 
col l iders a n d s u p e r s y m m e t r y . G o r d o n C a t e s of Vi rg in ia desc r i bed 
s o m e impress ive a d v a n c e s us ing sp in phys i cs in the f ield of med i 
c ine. J a c q u e s Sof ter of Marse i l les e n d e d the s y m p o s i u m wi th conf i 
d e n c e tha t w e are po i sed to w i t n e s s s ign i f i can t p rog ress in ou r 
unders tand ing of sp in a n d Q C D in the nea r fu ture . He a lso e c h o e d 
the sen t imen t of the open ing presenta t ion : that the un iverse w i thout 
sp in w o u l d co l l apse . T h i s h a p p y no te se t t he s tage for t he 16th 
Internat ional Sp in Phys i cs S y m p o s i u m , S P I N 2 0 0 4 , wh i ch will t ake 
p lace at the Internat ional Cen t re for Theore t i ca l Phys ics in Tr ies te , 
Italy, in ear ly a u t u m n 2 0 0 4 . T h e m a n y ded i ca ted sp in phys ic is ts 
a t tend ing S P I N 2 0 0 2 can n o w look fo rward to more exci t ing resul ts , 
and a d e e p e r unde rs tand ing of the mys te r i ous quant i ty that is sp in . 

F u r t h e r read ing 
C o p i e s of t r a n s p a r e n c i e s a re ava i l ab le at h t t p : / / w w w . c - a d . b n l . 
g o v / s p i n 2 0 0 2 / . 
P roceed ings to be pub l i shed by the A m e r i c a n Insti tute of Phys ics . 

Youse f Makdis i and T h o m a s Roser, Brookhaven National 
Laboratory. 
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EDUCATION 

Boston 's Nor theastern Univer
s i ty l a u n c h e d its R e s e a r c h 
E x p e r i e n c e for U n d e r g r a d u 
a tes ( R E U ) p r o g r a m m e at 
C E R N in 1998 . Jo in ing s u m 
mer s tuden ts f rom the labora
t o r y ' s m e m b e r s ta tes , t he 
par t ic ipants use the i r exper i 
ence to help t hem to establ ish 
w h a t d i rec t ion the i r c a r e e r s 
will take . Chr ist ine Nat t rass, a 
doub le ma jo r in b iochemis t ry 
and phys ics at Co lorado State 
Univers i ty , s a y s that her expe 
r ience in the p r o g r a m m e has 
in f l uenced her fu tu re . " N o w 
I'm m o r e cer ta in I w a n t to 
s tudy phys ics rather t han bio
phys i cs or b iochemis t ry , " s h e 
s a y s , " a n d I th ink I'd l ike 
s o m e kind of part icle phys ics . 
T h e research expe r ience c o n 
f i rmed m y s u s p i c i o n s tha t 
phys ic is ts are more fun to wo rk wi th t h a n b iochemis t s . " 

Chr is t ine admi t s , h o w e v e r , tha t on ly t ime will tell j us t h o w deep l y 
the w h o l e p r o g r a m m e has in f luenced her. O the r s tuden ts s a y that 
the expe r ience at C E R N he lped de te rm ine w h a t cou rse thei r fu ture 
s tud ies will t ake ; s o m e h a v e d e c i d e d tha t t hey are m o r e in terested 
in theory than in exper imen t , wh i le o thers s a y that the w o r k t hey did 
ove r the s u m m e r has reaf f i rmed thei r love of the f ie ld. 

A s s e s s i n g the impact 
J u s t as the s tuden ts h a v e to de te rm ine h o w their e x p e r i e n c e s in the 
p r o g r a m m e have af fected t h e m , so the long- term impac t of the pro
g r a m m e itself m u s t be a s s e s s e d . J u s t h o w impor tan t a re e d u c a 
t ional a n d research p r o g r a m m e s of th is sort , a n d w h a t shou ld their 
fu ture be? It is of ten diff icult to m a k e t hese dec is ions w h e n the pro
g r a m m e s are still n e w , bu t n o w tha t t he R E U p r o g r a m m e has 
reached matur i ty , w e can beg in to get a c learer s e n s e of its va lue . 

C E R N has had a s u m m e r p r o g r a m m e for unde rg radua te s tuden ts 

for more than 40 years (CERN 
SburierJuly/August p 8 ) , but 
U S s t u d e n t s h a v e on ly b e e n 
ab le to par t ic ipate s ince t he 
R E U p r o g r a m m e w a s f o r m e d . 
Histor ical ly , on ly C E R N m e m 
ber s ta tes h a v e had t h e 
oppor tun i t y to s e n d their s tu 
den ts to expe r ience w h a t it's 
ac tua l l y l ike to w o r k in a 
phys i cs research g roup at the 
laboratory. In 1997, howeve r , 
S t e p h e n Reucrof t , an exper i 
m e n t a l phys ic i s t at No r t h 
e a s t e r n Un ive rs i t y , s e n t a 
p r o p o s a l to the U S Nat iona l 
S c i e n c e Foundat ion ( N S F ) for 
fund ing to s e n d U S s tuden ts 
to t he s u m m e r s t u d e n t p ro 
g r a m m e at C E R N . I n d e p e n d 
en t l y , H o m e r Nea l of t he 
Un ivers i t y of M ich igan m a d e 
a s im i la r p r o p o s a l , a n d t he 

N S F s u g g e s t e d tha t t he t w o jo in f o r c e s . T h e resul t w a s t he pro
g r a m m e that ex is ts t oday . C E R N ag reed to take 10 US u n d e r g r a d u 
ates f rom the R E U p r o g r a m m e , star t ing in 1998. 

After th ree y e a r s of runn ing a jo int p r o g r a m m e , Reucrof t and Neal 
spl i t the p r o g r a m m e in t w o a n d s tar ted s e n d i n g 10 s tuden ts e a c h . 
T h e C E R N s u m m e r s t u d e n t p r o g r a m m e p laces half, a n d Nor th 
eas tern Un ivers i ty a n d the Univers i ty of M ich igan p lace the rema in 
der. Add i t i ona l f u n d i n g has b e e n p r o v i d e d by t he Ford Mo to r 
C o m p a n y , w h i c h n o w suppo r t s f ive s tuden ts . 

Par t ic ipants in the R E U p r o g r a m m e are c h o s e n f rom co l leges all 
o v e r t he U S , f r o m sma l l ins t i tu t ions as wel l as the larger, better-
known universi t ies. A commi t tee of phys ic is ts c h o o s e s s tudents wi th 
a s t rong a c a d e m i c reco rd , an interest in phys ics , demons t rab le cre
ativity and a des i re to take a d v a n t a g e of C E R N ' s cul tural ly d i ve rse 
e n v i r o n m e n t . T h e soc ia l a n d cul tura l life of t he p r o g r a m m e is as 
impor tan t as the research a n d educa t iona l e lemen ts . 

R E U o rgan i ze rs br ief s u c c e s s f u l c a n d i d a t e s a b o u t w h a t t h e y t> 

2002 REU participants (clockwise from top left): Andrew Essin, 
Peter Richmond, JeffAtwell, Karen Andeen, David Le Sage, Janice 
Hester, Dave Maffei, Shawn Kwang, Christine Nattrass, Sophia 
Domokos and Kathy Cooksey. 
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CERN summer experience 
benefits US students 

Northeastern University's programme of research experience for US undergraduates 
at CERN is five years old. Suzanne Harvey takes a look at its impact. 



EDUCATION 

Undergraduate Dave Maffei worked on the electromagnetic 
calorimeter for the CMS experiment 

can expect , and encou rage t h e m to network before t hey leave for 
Swi tzer land . T h e r e is a four -day or ientat ion meet ing for s tuden ts in 
the U S , a n d a p r o g r a m m e admin i s t ra to r a c c o m p a n i e s t h e m to 
C E R N and g ives t h e m a tour of the labora tory 's faci l i t ies. After they 
have set t led in, the R E U admin is t ra t ion keeps in t ouch wi th the s tu
dents th roughou t the s u m m e r . O n e of the p r o g r a m m e ' s coord ina
tors, A r temis Egloff, s a y s : " W e try to keep a good ba lance be tween 
help ing t h e m and smo the r i ng t h e m wi th too m u c h at tent ion. T h e y 
like to be i ndependen t and w e e n c o u r a g e t h e m . " 

Whi le at C E R N , the US s u m m e r s tuden ts work wi th an ass igned 
research g roup , supe rv i sed by a phys ic is t w h o wo rks wi th t h e m and 
ass igns t h e m var ious tasks , a l lowing t h e m to see w h a t work as a 
part icle physic is t is like. S tuden ts per form resea rch , take measu re 
men ts , wr i te compu te r p rog rams , papers and repor ts , learn to use 
spec ia l ized so f tware , bui ld and test equ ipmen t , and inevi tably do 
manua l work. In short , they are expec ted to cover the entire range of 
act iv i t ies that m a k e s up exper imenta l part icle phys ics . 

S tuden ts are expec ted to learn new skil ls on the fly - th ings that 
they don ' t learn in the c l a s s r o o m . The i r wo rk is of ten d isorgan ized 
and their days f requent ly uns t ruc tu red , but as Reucrof t points out, 
this is w h a t research is of ten like. S tuden ts are of ten surpr ised at 
how m u c h m u n d a n e manua l labour is invo lved in sc i ence , such as 
connec t ing cab les , and mov ing and s tack ing lead br icks. 

A l t h o u g h hands -on w o r k f o r m s a large part of t he act iv i t ies at 
C E R N , the s tuden ts a lso a t tend lectures in exper imenta l and theo
retical phys ics , and in acce lera tor and detector t echn iques . A n d r e w 
Ess in , a s tudent at Reed Co l lege, O r e g o n , expla ins: "The re were lec
tures on exper imenta l h igh-energy phys ics , wh i ch a l lowed m e to get 
a v iew of more than jus t ma themat i ca l fo rma l i sm and p h e n o m e n o l 
ogy , to see the nitty-gritty of creat ing and detect ing part ic les, a c c u 
mulat ing and p rocess ing vas t quant i t ies of data and all that good 
stuff that I might miss if I s imp ly concen t ra ted on theoret ica l s tud
ies." T h e C E R N lectures focus on the deta i led t echn iques of particle 
phys ics in both exper iment and theory . S ince the s tudents are a mix
ture of potent ial exper imenta l is ts and theor is ts , the lecture mater ial 
benef i ts all of t h e m . In ord inary c l ass room lectures, mos t of w h a t is 
t augh t a b o u t phys i cs is h is tor ica l i n fo rma t ion , nea t ly p a c k a g e d . 

T h e lectures of ten cover mater ia l that is too new to be taught to 
US phys ics unde rg radua tes . A s a c o n s e q u e n c e , s o m e of the s tu 
den ts f ind the lectures difficult. O n e , howeve r , sa id that e v e n the 
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mater ial he did not unders tand will be va luab le to h im eventua l l y -
either he will p rocess it once it has had t ime to sett le, or else the fact 
that he has a l ready been exposed to it will make him feel more c o m 
fortable next t ime he c o m e s ac ross it. 

Internat ional cu l tu re 
T h e internat ional a t m o s p h e r e at C E R N m a k e s it an ideal p lace for 
US s tuden ts to learn h o w sc ient is ts f rom dif ferent count r ies bring 
di f ferent a p p r o a c h e s to phys i cs . S t u d e n t s and adv i so rs not on ly 
work together, but also get to know each other social ly. Many return
ing s tuden ts have remarked on the spirit of to le rance that re igns in 
C E R N ' s mul t icu l tura l se t t ing, w i th peop le c h o o s i n g to pass o v e r 
potent ia l ly a w k w a r d soc ia l s i tua t ions rather than g iv ing t h e m too 
much weight or tak ing of fence at un in tended sl ights. Inevi tably, this 
att i tude is carr ied over into the work env i ronment . T h e s tudents learn 
h o w peop le in o ther coun t r i es are e d u c a t e d , a n d d i s cove r the 
s t rengths and w e a k n e s s e s in the US s y s t e m , as wel l as in o thers . It 
is o n e of t he a i m s of t he R E U p r o g r a m m e that as the s t u d e n t s 
deve lop , t hey will keep in m ind w h a t t hey have lea rned , and per
haps bring good ideas back to the US s y s t e m . 

T h e vas t major i ty of unde rg radua tes part ic ipat ing in the R E U pro
g r a m m e have g o n e on to pu rsue P h D s in the sc iences , inc luding 
var ious aspec ts of phys ics , b iophys ics and aeronaut ica l eng ineer
ing. O n e b e c a m e a R h o d e s Scho la r , a n d ano the r w e n t into bus i 
ness , a l though s h e c h a n g e d her m ind after a year and wen t back to 
phys ics b e c a u s e her exper ience at C E R N w a s so g o o d . O n e spen t 
t ime deve lop ing c o m p u t e r s imu la t ions at a f inancial insti tut ion and 
is pursuing a Masters degree in architecture at MIT. He hopes to enter 
into a phys i cs PhD p r o g r a m m e after he has comp le ted his Masters . 

O n e of the main cha l lenges of the R E U p rog ramme is p lacing s tu
dents wi th adv isors . E v e n the best - in tent ioned researchers can f ind 
t h e m s e l v e s unexpec ted ly busy by the t ime the s u m m e r arr ives, and 
it is not u n c o m m o n for s tuden ts to f ind t h e m s e l v e s work ing largely 
independent ly . H o w e v e r , Reucrof t s a y s that exper ience has s h o w n 
that if an adv isor can mot iva te a s tuden t and give t h e m a start, t hey 
f requent ly end up work ing happi ly a n d product ive ly on their o w n . 

Like the C E R N s u m m e r s tuden t p r o g r a m m e , the R E U p r o g r a m m e 
has a great potential impact . It helps s tudents dec ide whe ther or not 
to pursue an a d v a n c e d deg ree in phys ics . By ensur ing that t hey are 
wel l in fo rmed abou t the nature of research before t hey emba rk on 
their career , it he lps s tuden ts f ind out w h e t h e r exper imenta l or the
oretical phys ics - or e v e n no phys ics at all - is right for t h e m . It a lso 
attracts y o u n g peop le to sc i ence , expos ing t h e m to the d e m a n d s 
and rewards of work ing at the leading edge of exper imenta l phys ics , 
show ing t h e m how exper imen t and theory work together , and how 
part icle phys ics impac ts o ther b ranches of sc ience . Pe rhaps mos t 
important ly , s tuden ts a lso learn skil ls that are helpful in w h a t e v e r 
career t hey c h o o s e to pu rsue , s u c h as p rog ramming , p rob lem solv
ing and work ing wi th peop le f rom di f ferent backg rounds . All of the 
s tuden ts w h o h a v e par t ic ipa ted in th is p r o g r a m m e s a y tha t t hey 
wou ld r e c o m m e n d it to their f r iends. A n d it is sa fe to say that the 
majori ty will go on to be good a m b a s s a d o r s for sc ience and for inter
nat iona l co l l abo ra t i on , w h e r e v e r the i r fu ture ca ree rs take t h e m . 

Suzanne Harvey, Massachusetts General Hospital. 

CERN Cour ie r January/February 2003 



C C D X - R a y D e t e c t o r s 
Fastest largest CCD detector system available today!! 

Now delivering in 14-16 weeks upon receipt of order 

Q u a n t u m 3 1 5 Q u a n t u m 2 1 0 

e l e c t o r T y p e : 

N u m b e r o f P i x e l s : 

P i x e l S i z e a t D e t e c t o r S u r f a c e s : 

P h o s p h e r (optimized): 

S p a t i a l R e s o l u t i o n F W H M : 

T a p e r R a t i o : 

O p t i c a l C o u p l i n g ( C C D to Taper): 

C C D T y p e : 

C C D P i x e l S i z e : 

O p e r a t i n g T e m p e r a t u r e : 

C o o l i n g T y p e : 

D a r k C u r r e n t : 

C o n t r o l l e r E l e c t r o n i c s : 

R e a d o u t T i m e s (Full Resolution): 
(2x2 binned): 

R e a d N o i s e (Pixel Rate): 

F u l l W e l l D e p t h (Full Resolution): 

7 

Ar ray (3x3); Active area: 315mm x 315mm 

6 1 4 4 x 6 1 4 4 ; 37.75million 

5 1 x 5 1 microns 

1 X-ray Angstrom 

90 microns; 1.76 pixels 

3.7 to 1 

Direct bond 

Thomson T H X 7899 (2Kx2K) 

1 4 x 1 4 microns 

-50 degrees Celcius 

Thermoelectric 

0.015 e /p ixe l / sec 

A D S C Custom 

1 second 
330 milliseconds 

(1 M H z ): 18 electrons estimated 

270,000 electrons typical 

A r r a y (2x2); Active area: 210mm x 210mm 

4 0 9 6 x 4 0 9 6 ; 16,8 million 

5 1 x 5 1 microns 

1 X-ray Angstrom 

90 microns; 1.76 pixels 

3.7 to 1 

Direct bond 

Thomson T H X 7899 (2Kx2K) 

1 4 x 1 4 microns 

-50 degrees Celcius 

Thermoelectric 

0.015 e /p ixe l / sec 

A D S C Custom 

1 second 
330 milliseconds 

(1 M H z ) : 18 electrons typical 

270,000 electrons typical 

Goniostat Two-Theta 
Opt iona l A c c e s s o r y 

B e a m H e i g h t : 
650 mm above base 

O m e g a A x i s : 
Orientation: horizontal 
Maximum slew rate: 600 degrees/minute 
Angular accuracy: 0.005 degrees 

T w o - T h e t a A x i s : 
Orientation: horizontal 
Maximum slew rate: 100 degrees/minute 
Angular accuracy: 0.005 degree 
Accessible range: 0 to 45.0 degrees 

S h u t t e r A s s e m b l y : 
Reproducibility: 200 \i sec 
Latency: 10 milliseconds. 

S a m p l e V i e w i n g S y s t e m : 
High-sensitivity C C D camera with 7:1 zoom 

B e a m S t o p : 
Mounted on x y z alignment device 
Diameter: 1-3 mm 

M o t o r i z e d D e t e c t o r M o u n t : 
Maximum slew speed: 300 mm/minute 
Position accuracy: 0.1 mm 
Minimum distance: 50 mm 
Maximum distance: 800 mm 

O p t i o n a l : 
Light curtain accessory 
Motor ized x y z goniometer head 
Beam alignment device 
Kappa /ph i axes 
Microkappa 
Six axis alignment table. 

l r , ] l m l \ZD Krr- * 

area detector systems corporation 
Sales: voice: (858) 486-0618 
email: sales@adsc-xray.com 

12550 Stowe Drive 
Poway California 92064 USA 
voice: (858) 486-0444 
fax: (858) 486-0722 
website: www.adsc-xray.com 

mailto:sales@adsc-xray.com
http://www.adsc-xray.com


PEOPLE 

K a t e p a l l i R S r e e n i v a s a n , born in India and 
now a ci t izen of the U S , has been appo in ted 
director of the Abdus Sa lam Internat ional 
Cent re for Theoret ica l Physics ( I C T P ) in 
Tr ies te , Italy. A wor ld - renowned 
exper imenta l physicist w h o s e major f ields 
of interest are f luid dynamics and 
turbu lence, he is current ly a professor of 
physics and mechan ica l eng ineer ing at the 
Universi ty of Mary land , U S , whe re he also 
directs the Insti tute for Physical Sc ience 
and Techno logy . He is schedu led to begin 
his tenure at the ICTP in March . (Pho to : 
ICTP Photo Arch ives , Mass imo S i lvano. ) 

Condensed matter exper imenta l is t S h o b o 
B h a t t a c h a r y a has been appoin ted director 
of the Ta ta Institute of Fundamenta l 
Research ( T I F R ) in Mumba i , India. 
Bhat tacharya received his undergraduate 
educat ion at Pres idency Col lege, Calcut ta , 
and at Delhi Universi ty, and his PhD at 
Nor thwestern Universi ty, U S . He has wo rked 
at the Universi ty of Rhode Is land, MIT 
Francis Bitter magnet lab, A rgonne Nat ional 
Laboratory, the University of Chicago and the 
Exxon Corpora te Research Lab. He comes to 
T I F R f rom NEC Research Insti tute, whe re he 
w a s a Fel low in the sc ience div is ion. 

M u r r a y G e l l - M a n n ( lef t ) was a m o n g the 
wel l -wishers at a sympos ium organ ized by 
Bei j ing 's Ts inghua Universi ty last year to 
ce lebrate the 80th bir thday of Nobel prize 
w inner C h e n N i n g Y a n g . Y a n g , born on 22 
Sep tember 1922 in Ch ina 's Anhu i Prov ince, 
shared the 1957 Nobel Prize for Physics 
wi th T s u n g Dao Lee for their theoret ical 
wo rk on pari ty v io la t ion. Ts inghua Universi ty 
awarded Y a n g an honorary professorship in 
1998. Y a n g said he hoped to see both 
China and the wor ld make great progress in 
sc ience and techno logy before he reaches 
90 . (X inhua N e w s Agency . ) 

A t the launch of the European Un ion 's sixth research f ramework p rogramme in Brussels last 
November , the di rector-generals of Europe 's seven leading internat ional research 
organizat ions s igned the E IROfo rum charter. E IROfo rum w a s establ ished in 2001 to 
s t imulate col laborat ion be tween the organizat ions. T h e s ign ing of the charter represents its 
formal estab l ishment . Left to right: H a n s H o f f m a n n represent ing Luciano Maiani of C E R N , 
A n t o n i o R o d o t a of the European Space Agency , F o t i s K a f a t o s of the European Molecular 
Bio logy Laboratory, European Commiss ione r P h i l i p p e B u s q u i n , C a t h e r i n e C e s a r s k y of the 
European Southern Observatory , W i l l i a m S t i r l i n g of the European Synchrot ron Radiat ion 
Facil i ty, C o l i n C a r l i l e of the Institut Laue-Langev in , and J e r o m e P a m e l a of the European 
Fusion Deve lopment Agency . 

T h e Indian pr ime minister S h r i A t a l B i h a r i 
V a j p a y e e ( r ight ) presented the prest ig ious 
Homi Bhabha Sc ience and Techno logy 
A w a r d for 2001 to A j i t K u m a r M o h a n t y at 
a ce remony in Mumba i on 31 October 
2002 . Th is is the highest award of India 's 
Depar tment of A tomic Energy, and 
recognizes commendab le contr ibut ions 
encompass ing a very w ide range of 
fundamenta l s tud ies in the f ield of nuclear 
physics. Mohanty , or iginal ly f rom the 
Bhabha A tomic Research Centre, is current ly 
work ing in the A L I C E offl ine group at C E R N . 
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A m o n g the recipients of the 2002 E 0 Lawrence award are K e i t h 0 H o d g s o n ( lef t ) and S a u l 
P e r l m u t t e r . Hodgson , professor of chemis t ry at Stanford Universi ty and director of S L A C ' s 
Stanford Synchro t ron Radiat ion Laboratory , w a s honoured in the chemist ry category for his 
contr ibut ions to the deve lopment of synchro t ron X-rays for the invest igat ion of biological 
st ructure and funct ion. Per lmutter , an ast rophysic is t at the Lawrence Berkeley Nat ional 
Laboratory, received the award in the physics category for his contr ibut ions to the d iscovery , 
th rough careful s tudy of d istant supe rnovae , that the expans ion of the universe is speed ing 
up rather than s lowing d o w n . 

T h e Lawrence A w a r d w a s estab l ished in 1959 to honour the memory of the inventor of the 
cyc lo t ron, Ernest Or lando Lawrence . It is g iven in seven categor ies for outs tanding 
contr ibut ions in the f ield of a tomic energy, broadly de f ined . T h e awards were presented at a 
ce remony in Wash ing ton , DC on 28 October 2002 . 

On 7 November , M a r g r e t B e c k e r - W i i k 
( lef t ) p resen tecKhe Bj0rn H Wi ik Prize 2002 
to T h o m a s M o l l e r of D E S Y ' s synchrot ron 
radiat ion laboratory, H A S Y L A B . Th is award 
recognizes Môl ler 's contr ibut ion to the first 
exper iments wi th D E S Y ' s free-electron laser. 
T h e Wi ik pr ize w a s establ ished in 2000 and 
is awarded every two years . It is f inanced by 
the proceeds of the donat ions received 
fo l lowing Bj0rn Wi i k ' s unt imely death in 
1999, and serves to acknowledge 
outs tand ing contr ibut ions to the 
advancemen t of research p rog rammes or 
technica l deve lopmen t projects at DESY. 

T h e Nuc lear Physics Divis ion of the European Physical Soc ie ty ( E P S ) has awarded the U s e Mei tner Prize for 2002 to J a m e s El l iot (p ic ture 
on r ight) of the Universi ty of Sussex , UK, and F r a n c e s c o l a c h e l l o of Ya le Universi ty, U S , " for their innovat ive appl icat ions of g roup 
theoret ical methods to the unders tand ing of a tomic nuc le i " . T h e awards , sponsored by the c o m p a n y Canberra-Eur isys , we re announced at 
the EPS genera l conference in Budapest , Hungary , last Augus t , and presented at the Nuc lear St ructure wi th Large G a m m a Arrays ( N S 2 0 0 2 ) 
conference in Padua , Italy, in Sep tember . El l iot 's descr ip t ion of the spectra of l ight nuclei in te rms of the S U ( 3 ) symmet ry group in the 
1950s opened the w a y to a reconci l iat ion of the spher ica l shel l model of Mar ia Goepper t -Mayer and Hans J e n s e n wi th the l iquid drop mode l 
of A a g e Bohr and Ben Mot te lson. lachel lo, work ing wi th J a p a n e s e physicist Ak i to A r ima , in t roduced the interact ing boson model in 1975. 
Th is descr ibes nuclear s t ructure in te rms of degrees of f reedom of integer spins. 

Pictured left at the NS2002 conference are ( left to r ight) G r a z i a n o F o r t u n a , d i rector of the Legnaro Nat ional Laborator ies, Mei tner prize 
w inner Francesco lachel lo, S i l v i a L e n z i of Padua , and chair of the EPS prize commi t tee W o l f r a m v o n O e r t z e n . 
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C E R N en joyed two high-level Span ish visi ts iast November . Left: on 18 November , J o s e p 
P i q u é I C a m p s ( r ight ) , Minister of Sc ience and Techno logy , viSTted the magnet test hall in 
the company of Spanish C E R N scient ist F e l i x R o d r i g u e s M a t e o s ( lef t) and head of the 
minister 's off ice, G o n z a l o B a b é . Right: nine days later, it w a s the turn of members of the 
sc ience and technology commiss ion of the Span ish Sena te to visit. Left to right: M e r c e d e s 
S e n e n , R a m o n A n t o n i o S o c i a s , A d o l f o A b e j o n , A l o n s o A r r o y o and F r a n c i s c o X a b i e r 
A l b i s t u r wi th A T L A S col laborat ion spokesman P e t e r J e n n i . After 38 years in the serv ice of acce lerators , 

K u r t H u b n e r , seen here wi th his wi fe 
T r a u d l dur ing a sympos ium held in his 
honour, took his ret i rement f rom C E R N at 
the end of November . Arr iv ing at C E R N as a 
Fel low in 1964, Hubner has wo rked on all of 
C E R N ' s major accelerator projects f rom the 
I S R t o the LHC. 

One former C E R N director-general pays 
tr ibute to another. H e r w i g S c h o p p e r w a s 
among the speakers at a sympos ium held 
at C E R N on 31 October 2002 in honour of 
Wi l l ibald Jen tschke , d i rector-general f rom 
1971 to 1975, w h o passed away last year 
(CERN Courier May 2002 p40 ) . 

B e r n a r d E c o f f e y ( lef t) in d iscuss ion wi th 
fo rmer president of C E R N Counci l H u b e r t 
C u r i e n dur ing a visit to the laboratory in 
November . Ecoffey is the founder and 
honorary president of the Engelberg Forum 
assoc ia t ion , and Cur ien is its current 
president. Establ ished in 1989, the 
Enge lberg Forum provides an internat ional 
p lat form for debate and exchange of v iews 
on key issues affecting scienti f ic research , 
techno logy, economics and phi losophy. 
Each year a different theme is chosen and 
ana lysed in depth in relation to its va lue for 
humank ind . T h e fo rum has its or igins in the 
desire to f ind a phi losophical equiva lent for 
C E R N ' s Large Electron Posi t ron Col l ider, 
wh ich w a s operat ional f rom 1989 to 2000 . 

T h e South Af r ican Minister of Ar ts , Cul ture, 
Sc ience and Techno logy B e n N g u b a n e 
( lef t ) ta lks to C E R N ' s H a n s H o f f m a n n 
about the E N L I G H T network of l ight-ion-
based cancer therapy init iatives in Europe. 
E N L I G H T held its inaugural meet ing at 
C E R N in February (CERN Courier May 2002 
p29) . 
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A C E R N delegat ion vis i ted I s lamabad , 

Pak is tan, in November to take part in a 

meet ing organized by the Commiss ion on 

Sc ience and Techno logy for Susta inab le 

Deve lopment in the South ( C O M S A T S ) . T h e 

delegat ion presented the C E R N Data Grid 

project and its appl icat ions to 

representat ives of C O M S A T S m e m b e r 

s tates, and encouraged their co-operat ion 

wi th C E R N . C O M S A T S m e m b e r s ta tes are 

Bang ladesh , Ch ina , Co lomb ia , Nor th Korea , 

Egypt , G h a n a , I ran, J a m a i c a , J o r d a n , 

Kazakhs tan , Niger ia , Pak is tan, the 

Phi l ippines, Senega l , Sri Lanka , S u d a n , 

Syr ia , Tanzan ia , Tun is ia , Uganda and 

Z i m b a b w e . Dur ing their visit, m e m b e r s of 

the C E R N delegat ion took the oppor tun i ty to 

visi t Pakistani insti tutes involved wi th 

preparat ions for the Large Hadron Col l ider. 

Here , D i e t h e r B l e c h s c h m i d t ( lef t ) and 

J o h n E l l is ( r ight ) inspect sheet meta l wo rk 

being prepared for the A T L A S exper iment . 

On 21 October 2002 , the Institut d 'E tudes 

Scient i f iques de Cargèse in Cors ica 

inaugura ted a new amphi theat re named in 

honour of its founder M a u r i c e Levy ( le f t ) , 

seen here wi th A n d r é M a r t i n , w h o also 

p layed an important role in the early days . 

Founded in the 1960s, the insti tute p layed 

host to s o m e 26 schools last year . 

D a n i e l D e n e g r i ( lef t ) of the C M S 

col laborat ion is p ictured with Croat ian 

sc ience and techno logy minister G v o z d e n 

F l e g o ( cen t re ) and his deputy D a v o r 

B u t k o v i c at the open ing ceremony for the 

LHC days in Spl jJ 2002 , wh ich took place 

on 8 - 1 2 October 2002 . Th is meet ing, 

hosted by Spl i t Universi ty, has become a 

t radi t ional b iannual meet ing devoted to 

Croat ian part ic ipat ion in LHC projects. 

Brit ish Pr ime Minister T o n y B l a i r opened T h e Ogden Centre for Fundamenta l Physics at the 

Universi ty of Du rham, UK, on 18 October 2002 . Th is mul t imi l l ion-pound sc ience complex 

has been created to fo rm a wor ld- leading centre of exce l lence in fundamenta l physics, 

combin ing research into the bui lding blocks of the universe and the large-scale structure of 

the un iverse, coupled with a miss ion to inspire a new generat ion of young scient ists. 

M E E T I N G S 

An international conference on "20 Y e a r s o f 
S U G R A a n d S e a r c h f o r S U S Y a n d 
U n i f i c a t i o n " will be held at Northeastern 

University, Boston, US , on 1 7 - 2 0 March 

2003 . The conference will assess the 

progress since the d iscovery of S U G R A unified 

models in 1982, and will provide a critical 

assessment of the progress in the search for 

supersymmet ry and unification beyond the 

Standard Model . Registration costs $300 

(€285) if paid before 1 March, and $350 

thereafter. Further details are avai lable at 

h t t p : / / w w w . s u g r a 2 0 . n e u . e d u , or email 

sug ra20@neu .edu . 

T h e 9th P i s a M e e t i n g o n A d v a n c e d 
D e t e c t o r s will be held at La Biodola on the 

island of Elba on 2 5 - 3 1 May 2003 . The 

meet ing will review progress in detector tech

nology, with an emphas is on application to 

future exper iments. Participation is l imited. 

Details are avai lable at: 

h t t p : / / w w w . p i . i n f n . i t / p m / 2 0 0 3 / . 
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European project plays matchmaker to art and science 

Above: in the centre of Max Neuhaus's sound installation in Geneva's Promenade du Pin 
are (left to right) Manuela Denogent of the state of Geneva, which financed the work, 
Renilde Vanden Broeck and RolfLandua of CERN, and the artist himself. Right (top): artist 
Sylvia Wyder (left) and physicist Michael Doser at the Nothing..Nada symposium in Lisbon. 
Right (bottom): the central character of L i fe 's a M o n k e y is the mysterious B (played by 
Andrew Byron), a writer and KGB agent seen here with the monkey (Clea Smith) of the 
play's title. (Talula Shepherd.) 

Ever s ince C P Snow lamented the gulf 
between literary intellectuals and scientists, 
sparking the two cultures debate in 1959, 
sc ience and art have seemed irreconci lable. 
Over recent years , however , a European 
Union-supported initiative of the London 
Institute, Europe 's largest art schoo l , has 
been making a ser ious effort to bring the two 
to the altar. S o m e bel ieve the match can be 
successfu l , whi le others still hold that art and 
sc ience are too divergent to have a long-term 
future together. 

The first concrete results of the initiative 
saw the light of day in 2001 with the 
"Signatures of the Invisible" exhibit ion (CERN 
Courier May 2001 p23) , based on artists' 
exper iences at C E R N . The fol low-up to this 
was a series of events organized for the 
European sc ience and technology week in 

November 2002 under the banner of 
" S h a d o w s of the Infinite". 

Five events were held across Europe - a 
sympos ium in Lisbon, a play in London, a 
textile show in Milan, the unveil ing of a sound 
installation in Geneva , and the opening of the 
Signatures of the Invisible exhibit ion in 
L isbon. "It is all about scientists and artists 
work ing together in new and excit ing w a y s , " 
said Michael Benson, initiator of the project 
and co-author of the play, Life's a Monkey, 
that ran at London 's Cochrane Theatre during 
the sc ience and technology week. Inspired by 
conversat ions between the authors and theo
retical physicists at C E R N , Life's a Monkey 
plays mischievously with the f low of t ime in a 
plot that weaves an unlikely tapestry of cold 
war intrigue and particle physics. 

In L isbon, the Signatures of the Invisible 

exhibit ion opened at the Calouste Gulbenkian 
Foundat ion, which also hosted the "Nothing.. . 
N a d a " sympos ium at which artists and sc ien
tists d iscussed the concept of nothingness. In 
Milan, textile designers from the Chelsea 
Col lege of Art and Design exhibited "Particle 
Fabric" - intricate patterns in non-woven 
fabric inspired by diffraction. And in G e n e v a , 
a sound installation by the Amer ican minimal
ist artist Max Neuhaus was unvei led. A 
permanent work in a small park in Geneva ' s 
old t own , this work aims to " remove sound 
f rom the boundar ies of t ime and relocate it in 
another p lace". If you would like to judge for 
yoursel f whether or not it succeeds , and to 
decide if you feel the London Institute's 
matchmak ing is a success , you can visit the 
S h a d o w s of the Infinite websi te at 
ht tp: / /www. inf in i te . l inst .ac.uk. 
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T h e annua l Ruther ford s u m m e r schoo l for y o u n g h igh-energy exper imenta l is ts took p lace in 
its t radi t ional set t ing of the C o s e n o r ' s House , A b i n g d o n , UK , in Sep tembe r 2 0 0 2 . Long 
es tab l i shed as the pr incipal schoo l for f i rst-year exper imen ta l part ic le phys ics g radua te 
s tuden ts in the UK, the schoo l w e l c o m e d 48 s tuden ts f r om 13 UK inst i tutes. 

T h e D E S Y labora tory 's phys i k .beg re i f en@desy .de (unde rs tand ing phys ics ) p r o g r a m m e for 
schoo ls reached the r ipe old age of f ive in 2 0 0 2 . T o mark the occas ion , a spec ia l even t w a s 
held at D E S Y on 18 November . Uta Langenbuch ( r igh t ) of the phys ik .begre i fen project 
t e a m , and D E S Y ' s d i rector of admin is t ra t ion Christ ian Scher f demons t ra ted one of the 
p r o g r a m m e ' s exper imen ts to pupi ls w h o a t tended the event . Detai ls of the p r o g r a m m e are 
ava i lab le at h t t p : / / w w w . d e s y . d e / p h y s i k . b e g r e i f e n / . 

UK Min is ter for sc ience and innovat ion Lord 
Sa insbury add ressed a meet ing held in 
London last N o v e m b e r to prov ide a 
s h o w c a s e for the coun t ry ' s new Cent re of 
Exper t ise in Acce le ra to r Sc ience and 
T e c h n o l o g y ( A S T e C ) . Speak ing ahead of the 
event , Lord Sa insbu ry sa id : "Cen t res of 
exce l lence such as A S T e C are essent ia l if 
w e are to s tay at the leading edge of wor ld -
c lass r esea rch . " A S T e C br ings toge ther a 
cri t ical m a s s of acce lera tor exper t ise at the 
Daresbu ry and Ruther fo rd App le ton 
laborator ies . T h e des ign and const ruc t ion of 
the D i a m o n d synchro t ron is a l ready part of 
the A S T e C p r o g r a m m e . Other t h e m e s tha t 
A S T e C wil l tack le inc lude h igh-power pro ton 
acce le ra to rs for t ransmuta t ion of nuc lear 
w a s t e and poss ib le use in sub-cri t ical 
nuc lear reactors , and acce lera tors for 
med ica l app l ica t ions . 

Going 
to work 
at CERN? 
For information, contact 
Users.Office@cern.ch 
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Claude Bovet 1935 - 2002 
W h e n Claude Bovet came to C E R N in 1963 as 
a Fellow, he had just f in ished his studies of 
Physical Sc iences at the Universi ty of 
Neuchate l , Swi tzer land, and a few months 
later he received his doctor 's degree. Like 
many young physicists in those days , he 
stayed on as a staff member for a life-long 
career, and his wou ld be particularly fruitful. 

Bovet entered the accelerator field in the 
mach ine proton synchrot ron ( M P S ) div is ion. 
Under the gu idance of Hugh Hereward , a 
mentor of many young accelerator physic ists, 
he studied slow ejection f rom the PS. In the 
mid-1960s a PS improvement p rogramme 
was conce ived for a ten-fold increase in inten
sity. Helmut Reich realized Bovet 's talent, and 
brought him into the study t e a m . Bovet con
tr ibuted substant ial ly to the choice of an 
800 MeV Booster as the best w a y of attaining 
the goal and to the concept of four super
posed separate-funct ion rings. T h e synchrotron 
injector (SI ) div is ion, with Giorgio Brianti as its 
leader, was created for the construct ion of 
this unique accelerator. T h e chal lenge of the 
project and the intense col laborat ion forged a 
lifelong fr iendship between the members of 
the core t eam. Bovet made an impact on 
nearly all aspects of the Booster 's des ign, in 
particular its optics and the intricate recombi
nation scheme for the beams f rom the four 
rings. He gave courses in accelerator physics 
for newcomers , and co-authored a famous 
booklet with handy formulae, wh ich many 
people still carry in their pockets today. 

In the midst of the preparat ions for the 
Booster, in 1970, Bovet wen t to the Lawrence 

N E W P R O D U C T S 

Leybold Vacuum has announced that its 
range ECODry M piston v a c u u m pump is now 
offered with a f requency conver ter built into 
the motor to allow use in all AC electrical 
sys tems wor ldwide. Details are avai lable f rom 
gu ido .van-der -ve lde@laybo ldvakuum.com. 

Berkeley Laboratory for 6 months of intense 
studies in accelerator physics. This b roadened 
his professional horizons and provided him 
with international contacts, which he main
ta ined throughout his career. 

In 1972, Bovet fol lowed Brianti to the 
Super Proton Synchrot ron ( S P S ) project ( then 
cal led the 300 GeV underground accelerator) , 
to the group responsible for the west and 
north exper imental areas. The secondary 
beams had to be equipped with beam instru
mentat ion and particle identif ication, and 
Bovet w a s entrusted with the most chal leng
ing p a r t - particle identification using the 
newly invented Ring-Imaging Cerenkov 
Counter. Its use in the hostile env i ronment , 
with high precision and reliability, required 
solut ions to a number of difficult opt ical , 
mechan ica l and electronics problems. Bovet 
appl ied of all his diverse expert ise and 
plunged deeply into each aspect. T h e C E D A R , 
as it w a s cal led, was a resounding success . 

Later, Bovet became leader of a super
group (compr is ing f ive CERN groups) 
responsible for all SPS external beams and 
exper imenta l areas, and was SPS deputy 
division leader to Bas de Raad . In that posi
t ion, he w a s fully involved in the preparat ion 
for the pro ton-ant ipro ton coll ision experi
ments UA1 and UA2 . In 1983, Bovet became 
responsib le for LEP beam instrumentat ion, 
and was LEP deputy division leader to 
Guenter Plass. W h e n in 1986, CERN-wide 
technical boards were establ ished, Bovet was 
the natural choice to head the technical 
board for beam instrumentat ion. 

T h e Kurt J Lesker company has launched 
the AXXIS modular thin film deposi t ion tool , 
wh ich suppor ts processes including sputter
ing, thermal evaporat ion, electron beam 
evapora t ion , PECVD p lasma, ion cleaning 
and others. Details are avai lable f rom David 
Coll ins (emai l dav idc@lesker .com) or at 
h t t p : / / w w w . l e s k e r . c o m . 

However , Bovet w a s not only a physicist 
with a broad spect rum of interests and exper
t ise. His concern for matters affecting all staff 
at C E R N made him chai rman of the Joint 
Commiss ion for Reclassif icat ion and 
Disabil i ty, and a very act ive member of the 
Investment Commi t tee of the Pension Fund . 

In the last part of his career, Bovet w a s the 
found ing father of the "European Workshop 
for Beam Instrumentat ion and Diagnost ics for 
Particle Acce lerators" . T h e first workshop was 
held in Montreux in 1993. Its success w a s 
such that a " D I P A C " is now held every other 
year , mov ing f rom country to country, with the 
sixth one coming up. 

After a fulfil led career, Bovet retired at the 
end of April 2000 , full of plans for many more 
act ive years . It w a s not to be. Soon after 
ret irement, he fell ill, and on 10 August 2002 
he passed away . Not only have we lost a 
col league of great competence in many f ields, 
we also mourn the loss of a great f r iend. 
Giorgio Brianti and Heribert Koziol. 

T h e r m o Vacuum Generators has introduced 
its new U H V Sof tShut gate va lves for beam-
lines, accelerators, and other ultra-high 
v a c u u m ( U H V ) appl icat ions. T h e y provide 
quiet, low-particle operat ion, up to 100 000 
cycles between main tenance, and are suitable 
for use in the pressure range f rom 1500 to 
1 0 - n t o r r . See www.so f tshu t .com for detai ls. 

Going to work at CERN? 
F o r i n f o r m a t i o n , c o n t a c t 

Use rs .O f f i ce@cern . ch 
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René M a y 1932 - 2002 
René Tur lay, one of the four d iscoverers of 
charge-par i t y (CP) violat ion, died on 29 
November 2002 after battling with ser ious 
illness for more than a year. 

Fol lowing the advice of Jean Tei l lac, w h o m 
he met at the Radium Institute, Tur lay jo ined 
the French Atomic Energy Commiss ion ( C E A ) 
at Saclay as a research physicist where he 
was to have a brilliant career. In 1957, he 
jo ined the CEA 's high-energy physics labora
tory (created by André Berthelot) , where he 
was we lcomed by Paul Falk-Vairant and 
Georges Val ladas. His first work with the 
Saturne synchrotron concerned the study of jt 
meson product ion in nuc leon -nuc leon colli
s ions at 2.3 GeV. In 1962, after complet ing 
his doctoral thesis on jt" p -* JT° n and 
jt" p JC° jt° n reactions, he went to Princeton 
as a postdoc to work with Alan Clark, J im 
Cronin and J a m e s Christenson on the reso
nant product ion of p° in J T " p - > jt + J T ~ n 
reactions. He subsequent ly p layed a major 
role in all phases of the memorab le experi
ment at Brookhaven 's A G S accelerator, where 
he, Chr is tenson, Cronin and Val Fitch discov
ered the CP violation phenomenon in weak 
interactions. This unexpected d iscovery, made 
a year before that of relic radiation at 3 K, 
gave Andrei Sakharov a key to explaining the 
predominance of matter over ant imatter at 
the extreme edge of the universe, and sowed 
the seeds of the model of the three quark 
famil ies. Short ly before returning to France at 
the end of 1964, Tur lay wrote to Falk-Vairant 
to underl ine that it was important to invest in 
the construct ion of two low-field wide-aperture 
magnets for the study of K mesons at 
Saturne. He was already demonstrat ing a 
talent for persuasion: when he arr ived back, 
the magnets were ready, and between 1964 
and 1967 he and his first s tudents embarked 
on a series of exper iments on long-lived neu
tral kaons. He invited his old fr iend Cronin to 
join t hem, and together they made prepara
t ions for the exper iment to ensure that the 
Saclay Laboratory would benefit f rom the 
f inest talents. 

Tur lay 's widely establ ished reputation 
brought him as a matter of course to C E R N , 
where he undertook a series of exper iments 
on rare disintegrations of K + mesons as part 
of an international col laborat ion. T h e results 

obtained so long ago still s tand, and serve as 
a reference for new exper iments. 1973 saw 
the beginning of a long and fruitful col labora
t ion with Jack Steinberger in the construct ion 
of the major C D H S ( W A 1 ) exper iment for the 
study of interactions of high-energy neutr inos 
produced at the SPS accelerator. Tur lay 
secured key participation in the C D H S col lab
oration for his group, and was tireless in his 
efforts to ensure undisputed quality in all 
f ields. O v e r t h i s productive period at C E R N , he 
left an indelible imprint on the many students 
w h o came to work on their doctoral theses 
under his superv is ion. T o ensure that the 
scope of their training was fully comprehen
s ive, he jo ined Fitch in an exper iment on the 
study of charmed mesons at Fermilab, which 
was fol lowed by two others with Cronin and 
Bruce Winste in to measure the direct CP 
violat ion effect. From 1978 to 1979, he 
headed a group studying the physics potential 
of what were to become the HERA coll ider 
exper iments at Hamburg. 

W h e n the decision was taken in 1980 to 
build LEP, C D H S formed the embryo of the 
future A L E P H experiment. Tur lay played an 
active part in the difficult and st imulating R&D 
phase, so that his group would be involved in 
the great LEP adventure. It was he who advo
cated the advantages of the superconduct ing 
technology that would be successful ly used in 
the design of the ALEPH solenoid. In 1984 he 
was appointed to head the department of 
e lementary particle physics ( D P h P E ) . 
Al though this managerial chal lenge distanced 
him somewha t from the hands-on physics 
research that he loved, Tur lay devoted himself 
wholehear ted ly to this new task, ever mindful 
of the need to ensure that Saclay brought the 
best to the col laborat ions in which it was 
involved, especial ly in the case of C E R N . 
CERN director-general He rw igSchopper ' s 
invitation to become chairman of the LEP 
Commit tee gave Tur lay the opportunity to 
become actively involved in sc ience once 
again, and to serve the interests of the high-
energy physics communi ty . Between 1991 
and 1992, under the aegis of Robert Aymar , 
head of the CEA 's sc iences of matter direc
torate ( D S M ) , he oversaw the transformat ion 
of the DPhPE into a larger department, DAP-
NIA, cover ing astrophysics, particle physics, 

nuclear physics and instrumentat ion. On 
reaching ret irement age, Tur lay was appointed 
scientif ic adviser to DAPNIA and jo ined the 
NA48 col laborat ion at C E R N , applying his 
passion and expert ise to ensure participation 
by the best teams. With NA48, he took part in 
the precision measurement of direct CP viola
tion in the neutral kaon sys tem. 

Tur lay was a member of numerous interna
tional commit tees and learned societ ies 
(LEPC, SPC, S S C , IUPAP and S F P ) , often 
becoming their chair. He also helped to pro
mote sc ience among the young, and the 
recognit ion of the role of w o m e n in physics. 
He was awarded the Holweck Prize, and was 
made Cheval ier de la Légion d 'Honneur at the 
behest of the French Ministry of Research for 
the decisive role he played in the 
exper iments, commit tees and associat ions in 
which he was involved. Tur lay managed to 
arrange for the ce remony to be held at Sac lay 
as a way of publicly expressing his heartfelt 
gratitude to the technic ians, engineers and 
physicists w h o had made his work possible. 

Tur lay was not only a great and highly exact
ing physicist; he was equal ly capable of warm 
and sincere fr iendship. His wor ldwide stature 
as a physicist went hand in hand with enor
mous integrity and a genuine nobility of 
character. He cont inued to serve the cause of 
Sac lay until the final days of his life, and will 
be sadly missed by all those who had the 
privilege of coming into contact with him. 
Bernard Peyaud, on behalf of René Turlay's 
friends and colleagues. 

C E R N Cour ie r January/February 2003 4 7 



R E C R U I T M E N T 
For advertising enquiries, contact CERN Courier recruitment/classified, Institute of Physics Publishing, Dirac House, Temple Back, Bristol BS1 6BE, UK. 

Tel: +44 (0)117 930 1028. Fax: +44 (0)117 930 1178. E-mail: sales@cerncourier.com. 
Rates per single column centimetre: mono $66/£72, single colour $69/£75, full colour $72/£78. Please contact us for more information about publication dates and deadlines. 

U n i v e r s i t y o f 

^ O x f o r d 
Professorsh ip of Exper imenta l P h y s i c s 

Applications are invited for the above post, tenable from 1st October 2003, or such later 
date as may be arranged. A non-stipendiary fellowship at Balliol College is attached to the 
professorship. The post will be in the Sub-department of Particle Physics, within the 
Department of Physics. The professor will be required to deliver lectures and give 
instruction in Physics, and to undertake original work and the general supervision of 
research and advanced work in his/her subject. The successful candidate will have an 
international reputation in scholarship and research, and will be expected to contribute, 
through personal research endeavour and through leadership, to maintaining a programme 
of research and teaching at the highest level in experimental particle physics at Oxford, and 
to exercise leadership in the subject in the UK. 

The Sub-department of Particle Physics has a wide research programme covering 
experiments at accelerators and in particle astrophysics. This includes preparations for the 
ATLAS, LHCb, and MINOS experiments. CDF is taking data at the Tevatron, ZEUS is 
running with an upgraded detector at HERA II, and analysis of DELPHI data is being 
completed. The sub-department is engaged in R&D for a neutrino factory, including the 
HARP experiment to measure hadron production rates and the MICE experiment to 
demonstrate muon cooling. It is also participating in the LCFI collaboration to develop new 
CCDs for a vertex detector for the next linear collider, as well as schemes for collider beam 
alignment. The SNO solar neutrino detector is taking data and results of the first phase have 
recently been announced. The CRESST collaboration is preparing its second phase search 
for dark matter. The sub-department is engaged in all aspects of particle physics projects, 
from design through to final physics analysis. An important part of its programme consists 
of major responsibilities in hardware development carried out with the help of its excellent 
support staff in computing, electronics and mechanical design and construction. 
Further particulars, including details of how to apply, are available from 
http://www.admin.ox.ac.uk/fp/ or from the Registrar, University Offices, Wellington 
Square, Oxford OX1 2JD, tel. (01865) 270200. The closing date for applications is 17th 
March 2003. 

The University is an Equal Opportunities Employer. 

P A R T I C L E B E A M 

D I A G N O S T I C P H Y S I C I S T 

C o m p e t i t i o n # 8 8 7 

Located in Vancouver, British Columbia, T R I U M F is Canada's national research facility 
for particle and nuclear physics. We are currently accepting applications for a Physicist 
or Engineering Physicist experienced in beam diagnostic instrumentation. The 
successful applicant will join our current team of engineers and technologists who are 
involved with the evaluation of diagnostics requirements and the design, construction 
and testing of state-of-the-art devices aimed at the measurement of beam properties 
for very low intensity ion beams for the ISAC exotic ion facility, and for high intensity 
beams at the 500MeV cyclotron. 

Essential requirements for the position include a post-graduate degree in Physics or 
Engineering Physics, familiarity with particle beam optics, and at least three years of 
practical experience in the field of beam diagnostics acquired at a major particle 
accelerator laboratory. Demonstrated knowledge of accelerator controls, RF 
electronics and nuclear physics detection systems will be considered an asset during 
the selection process. 

Consideration will be given to applicants in the following categories: Junior candidates 
with at least the above minimum required experience who have a strong interest and 
proven aptitude for the field; Senior beam Diagnostic Physicists who have a strong 
proven track record; and Senior experts employed by other institutions who would be 
willing and available to collaborate with T R I U M F for a one- or two-year term. 

TRIUMF is an equal opportunity employer and invites qualified applicants to submit 
resumes, including 3 reference letters to: T R I U M F Human Resources, (Comp. 
#887). Fax (604) 222-1074. Closing date for applications is February 28th, 2003. 
Please note that in the event where 2 final applicants are equally qualified, preference 
will be given, if applicable, to the Canadian Citizen or Landed Immigrant. Only those 
individuals being considered will be contacted. 

P o s t - d o c t o r a l P o s i t i o n i n 

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 
T h e Z E U S group at the Physical Institute of Physics of the Un ivers i ty F re ibu rg 
has an opening of a post-doctora l pos i t ion for expe r imen ta l h igh e n e r g y 
phys ic is ts . T h e temporary position (up to 5 years) is "Wissenschaft l icher 
Mitarbeiter (Verg. Gr. BAT Ha)". 

T h e field of activity is the participation in the running of the Z E U S detector 
during the interesting high luminosity phase, the analysis of data f rom the 
Z E U S detector at the HERA collider, Hamburg. A participation on detector 
deve lopment for the fu ture T E S L A exper iments is possible. 
Longer periods of stay at DESY in Hamburg are we lcome. T h e participation 
of superv is ion of s tudents also at the Universi ty Freiburg is expected. 
For the position a PhD in exper imenta l particle physics or an equivalent 
University degree is required. Desirable are exper iences in the field of particle 
detectors, and in the physics analysis of data f rom particle physics exper iments . 
Interested candidates should send the usual information (CV, list of publications, 
exam grades, the name of th ree referees) to: 
Prof . Dr. A . B a m b e r g e r 
Un ivers i tà t F re ibu rg 
Phys ika l i sches Inst i tut 
Hermann-Herder -S t r . 3 
D-79104 F re ibu rg 

T e l . +49 761203-5714, F a x . +49 761203-5931 
unti l J a n u a r y 3 1 , 2 0 0 3 . 

T h e University of Freiburg is seek ing to increase the proportion 
of female research staff and therefore particularly we lcomes applications 
f rom female candidates. 

More information v ia: bamberger@physik.uni-freiburg.de 
See also: http://frzsun.physik.uni-freiburg.de:8080/ 

E x p e r i m e n t a l R e s e a r c h A s s o c i a t e s 
T h e S tan fo rd L inear A c c e l e r a t o r C e n t e r ( S L A C ) is one of t h e wor ld 's 
l ead ing l a b o r a t o r i e s s u p p o r t i n g r e s e a r c h in h i gh e n e r g y p h y s i c s . 
T h e l a b o r a t o r y ' s p r o g r a m i n c l u d e s t h e p h y s i c s of h i g h e n e r g y 
e l e c t r o n - p o s i t r o n c o l l i s i o n s , h i gh l u m i n o s i t y s t o r a g e r i n g s , h i gh 
ene rgy l inear col l iders and par t ic le as t rophys ics . 

Pos t -doc to ra l R e s e a r c h A s s o c i a t e pos i t ions a re cu r ren t l y ava i lab le 
w i t h resea rch oppor tun i t ies in t he fo l low ing a reas : 

• B phys i cs w i t h t h e B A B A R d e t e c t o r at t h e P E P II A s y m m e t r i c B 
F a c t o r y , a n a l y s i s of 100 f b - l + d a t a s e t a n d p r e p a r a t i o n s for 
de tec to r improvemen ts . 

• Pa r t i c l e A s t r o p h y s i c s p r o g r a m espec ia l l y t h e c o n s t r u c t i o n and 
prepara t ion for l aunch in 2006 of t h e g a m m a ray t e l e s c o p e G L A S T 
w h i c h wi l l m a p out g a m m a s o u r c e s t o probe ac t i ve ga l ac t i c nuc le i 
and pu lsars , and other top ics . 

• R & D towa rd a fu ture l inear col l ider detector . 

T h e s e posi t ions are highly compet i t i ve and require a background of 
research in high energy physics and a recent PhD or equivalent. The term 
for these positions is two years and may be renewed. 

Applicants should send a letter stat ing their physics research interests 
along with a CV and three references to 
Jan Louisell, janl@slac.stanford.edu, Research Division, 
M / S 75, SLAC, PO Box 4349, Stanford, CA 94309. 
Equal opportunity through affirmative act ion. 

48 CERN Cour ie r January/February 2003 

mailto:sales@cerncourier.com
http://www.admin.ox.ac.uk/fp/
mailto:bamberger@physik.uni-freiburg.de
http://frzsun.physik.uni-freiburg.de:8080/
mailto:janl@slac.stanford.edu


F A C U L T Y P O S I T I O N IN 
A C C E L E R A T O R 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 accelerator physics. This 

position may be filled at either the assistant professor or tenured associate professor 
level. The appointment will be effective July 1, 2003. 

The Department is seeking outstanding candidates with exceptional research records 
and demonstrated excellence in teaching. The successful candidate is expected to 

establish a leading edge research program involving graduate students in what will be 
a new area in the Department and contribute to Department teaching at all levels. The 
Department currently carries out research in experimental and theoretical condensed 

matter physics, astrophysics, and high-energy physics. 
Candidates for this position are required to have a Ph.D. or equivalent degree in 

physics. Salary will be competitive and commensurate with qualifications and level of 
appointment. Candidates should submit a letter of application, curriculum vitae, list of 

publications, evidence of teaching skills, and evidence of an outstanding research 
program. Candidates should also provide evidence of leadership and initiative since 

accelerator physics will be a new area in the Department. They should 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: 
Cha i r , A c c e l e r a t o r P h y s i c s 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 of P h y s i c s 
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 

R i v e r s i d e , C A 92521-0413 
U.S .A . 

Full review of applications will begin January 20, 2003. 
Applications received after this date will be considered on a case-by-case basis until 

the position is filled. 

U C R 
UNIVERSITY OF CALIFORNIA, RIVERSIDE 

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

Stanford 
Linear 
Accelerator 
Center 

A c c e l e r a t o r P h y s i c s 
F a c u l t y S e a r c h 

The Stanford Linear Accelerator Center (SLAC) invites 
applications for a faculty appointment in Accelerator Physics 
with specialization in Beam Dynamics. The search is for a 
tenure-track or early-career tenured appointment. We are 
looking for candidates with significant accomplishments and 
promise for important future achievements. S L A C offers unique 
opportunities that include: 
• Operating accelerators which support research in particle 
physics and synchrotron radiation-based sciences. 
• Accelerators, high power test stands, and extensive 
instrumentation and facilities for accelerator research. 

• A world-class faculty and staff working towards accelerators 
of the future. 

The successful candidate is expected to take a leadership role in 
the ongoing activities, in developing new initiatives, and in 
creative scholarship. There are opportunities to teach and 
supervise undergraduate and graduate students as a member of 
the academic Council of Stanford University. 
Candidates should submit a curriculum vitae, publication list, a 
statement of research interests, and the names of four references 
to: Prof. T. Raubenheimer, SLAC — MS 66, 2575 Sand 
Hill Rd, Menlo Park, CA 94025. 
The deadline for receipt of applications is March 1 s t, 2003. 
S L A C is an equal opportunity employer and welcomes 
nominations of women and minority group members and 
applications from them. 

D e u t s c h e s E l e k t r o n e n - S y n c h r o t r o n DESY 
S a i l , 

D E S Y is o n e o f t h e lead ing a c c e l e r a t o r c e n t e r s w o r l d w i d e . 
T h e r e s e a r c h s p e c t r u m r a n g e s f r o m e l e m e n t a r y par t ic le 
p h y s i c s a n d so l i d s ta te p h y s i c s t o m o l e c u l a r b io logy . 

F o r t h e e x p e r i m e n t s H1 a n d Z E U S , H E R M E S a n d H E R A - B at t h e 

H E R A s t o r a g e r ing a n d the p r e p a r a t i o n of t h e l inear co l l ider T E S L A 

a n d its p h y s i c s p r o g r a m m e s e v e r a l 

D E S Y F e 

are a n n o u n c e d . T h e p l a c e of w o r k is H a m b u r g or Z e u t h e n . Y o u n g 
s c i e n t i s t s w h o h a v e c o m p l e t e d the i r P h . D . a n d w h o a r e y o u n g e r 
t h a n 33 y e a r s a r e i nv i t ed to s u b m i t the i r app l i ca t i on i n c l u d i n g a 
r e s u m e a n d t h e u s u a l d o c u m e n t s ( c u r r i c u l u m v i tae , list of p u b l i c a 
t i ons a n d c o p i e s of u n i v e r s i t y d e g r e e s ) a n d s h o u l d a r r a n g e fo r 
t h r e e le t te rs of r e c o m m e n d a t i o n to b e s e n t t o D E S Y , 
T h e D E S Y - f e l l o w s h i p s a r e a w a r d e d fo r a d u r a t i o n of 2 y e a r s w i t h 
t h e poss ib i l i t y fo r p r o l o n g a t i o n b y o n e add i t i ona l y e a r . 
S a l a r y a n d bene f i t s a r e c o m m e n s u r a t e w i th pub l i c s e r v i c e o r g a n i 
sa t ions ( B A T lia / B A T l l a - O ) . D E S Y o p e r a t e s f lex ib le w o r k s c h e m e s , 
s u c h a s f l ex i t ime o r p a r t - t i m e w o r k . 
D E S Y is a n e q u a l o p p o r t u n i t y , a f f i rmat i ve a c t i o n e m p l o y e r a n d 
e n c o u r a g e s a p p l i c a t i o n s f r o m w o m e n . 

D e u t s c h e s E l e k t r o n e n - S y n c h r o t r o n D E S Y 
m e m b e r of t h e H e l m h o l t z A s s o c i a t i o n 
c o d e : 1/2003 • N o t k e s t r a B e 85 • D - 2 2 6 0 3 H a m b u r g * G e r m a n y 
P h o n e + 4 9 (0) 40 8 9 9 8 - 2 5 2 4 • w w w . d e s y . d e 
e m a i l : p e r s o n a i . a b t e i l u n g @ d e s y . d e 
Dead l ine f o r app l i can ts : 31.03.2003 

WESTFALISCHE 
WILHELMS - UNIVERSITÂT MUNSTER 

- D e p a r t m e n t o f Physics-

The Institute for Nuclear Physics invites applications for a 
Professorship (C4) for Experimental Physics 

with emphasis on Nuclear and Particle Physics 
to begin on October 1st, 2003 

T h e s u c c e s s f u l cand ida te is e x p e c t e d to f u l l y r e p r e s e n t the f i e l d o f 
e x p e r i m e n t a l phys ics i n research and educat ion . T h e f ie ld o f research for the 
p r e s e n t p o s i t i o n is d e f i n e d w i t h i n t h e r e s e a r c h p r o g r a m m e "Subatomic 
Physics" o f the Depar tment . It covers the area o f fundamenta l physics o f nuc le i 
and pa r t i c l es a n d t h e i r i n t e r a c t i o n s at h i g h e s t poss ib le e n e r g i e s . T h e 
successful candidate w i l l take a leading ro le i n the e x e c u t i o n o f Big Science 
p r o j e c t s as d e f i n e d b y the Sc ience P r o g r a m m e o f the G e r m a n M i n i s t r y o f 
Sc ience a n d E d u c a t i o n B M B F . P a r t i c i p a t i o n i n all t e a c h i n g act i v i t i e s and 
academic admin is t ra t ion duties o f the D e p a r t m e n t is expec ted . 

Q u a l i f i c a t i o n r e q u i r e m e n t s are a p r o v e n r e c o r d o f sc ient i f ic a c h i e v e m e n t s , 
e i ther t h r o u g h a habi l i ta t ion o r equ iva lent accompl ishments . T h e latter m a y 
also be obta ined t h r o u g h a p ro fess ion outside the univers i ty . 

Q u a l i f i e d w o m e n are s t r o n g l y e n c o u r a g e d to apply . W o m e n w i t h equa l 
qua l i f i ca t ions and s c i e n t i f i c p e r f o r m a n c e w i l l be g i v e n p r e f e r e n c e , un less 
t h e r e are p r e v a i l i n g reasons w i t h i n the p e r s o n o f a p a r t i c u l a r cand ida te . 
Pre ference w i l l be g i v e n to candidates w i t h disabilities. 

Appl ica t ions together w i t h the c u r r i c u l u m vi tae, the scienti f ic career, a list o f 
p u b l i c a t i o n s w i t h u p to 5 r e c e n t r e p r i n t s a n d a d e s c r i p t i o n o f t e a c h i n g 
e x p e r i e n c e s shou ld be sent b y April 1st, 2003 to:-

Dekan des Fachbereichs Physik 
der Westfàlischen Wilhelms-Universitât Munster 

Wilhelm-Klemm Str. 9 
D - 48149 Munster 

Germany 
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T H E E S R F , A B R I G H T L I G H T F O R E U R O P E A N S C I E N C E 

ESRF o f f e r s y o u a n e x c i t i n g o p p o r t u n i t y 

t o w o r k w i t h i n t e r n a t i o n a l t e a m s 

i n t h e u n i q u e scientific environment 
o f G r e n o b l e , s i t u a t e d i n t h e h e a r 

o f t h e French Alps. 

• M r 

E S R F 

5$ 
* • : 

S C I E N T I F I C A R E A S 
USING SYNCHROTRON UêHT 

Ecology, 
Chemistry, 
Crystallography 
Environmental sciènà 
Geophysics, 
Materials science, 
Medicine, 
Physics 

w w w . e s r f . f r 

E U R O P E A N S Y N C H R O T R O N R . 

P O S T D O C T O R A L A N D S C I E N T I S T 
P o s i t i o n s i n S u p e r n o v a C o s m o l o g y P r o g r a m 

COUNCIL FOR THE CENTRAL LABORATORY 
OF THE RESEARCH COUNCILS 

RESEARCH ASSOCIATES IN 
E X P E R I M E N T A L PARTICLE 

PHYSICS 
3-year fixed-term contracts 

Rutherford Appleton Laboratory (RAL) 

CCLRC Rutherford Appleton Laboratory has vacancies for researchers in the 
Particle Physics Department. 

The department is involved in a broad programme of experiments, both 
data-taking and in construction, in computing for particle physics, and in 
computer system management. The successful applicants will be based at RAJ_, 
but may have the opportunity to spend time at the experiment's host laboratory. 
Appointments will be for three years. 

Further information about the opportunities available can be found at: 

http://www.cclrc.ac.uk/Activity/ACTIVITY=Jobs 

Applicants should have a PhD in experimental particle physics, or have 
equivalent experience. 

The starting salary for these posts is up to £25,790, depending on experience, on 
a pay range of £20,630 to £28,370. An excellent index-linked pension scheme 
and a generous leave allowance are also offered. 
An application form can be obtained from Operations Group, HR Division, 
Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire 0X11 0QX, 
telephone +44 (0)1235 445435 (answer-phone), or e-mail recruit@rl.ac.uk, 
quoting reference VN2355. More information about CCLRC is available from 
http://www.cclrc.ac.uk 

All applications must be returned by 
17th February 2003. 
Interviews will be held from 
4th to 6th March 2003. 
CCLRC is committed to Equal Opportunities, 
and is a recognised Investor in People. 
A no-smoking policy is in operation. 

C O U N C I L FOR THE CENTRAL LABORATORY 
OF THE RESEARCH COUNCILS 

INVESTOR IN PEOPLE 

POSTDOCTORAL RESEARCH PHYSICIST 
POSITION IN EXPERIMENTAL 

HIGH ENERGY PHYSICS 
U N I V E R S I T Y O F C A L I F O R N I A , R I V E R S I D E 

The Department of Physics at the University of California, Riverside invites applicants for a 
Postdoctoral Research Physicist position to work with the high energy physics group on the 

CMS experiment at CERN. 

At the University of California, Riverside we are carrying out a multi-faceted program of 
detector development and production and preparation for physics in the CMS experiment. 

We are seeking a Postdoctoral Research Physicist to work on CMS tracking software, with an 
emphasis on physics, based at U.C. Riverside. The Postdoctoral Research Physicist would 

also work on studies for the CMS Physics TDR and serve as a leader and resource for others 
in the U.S. who want to work on tracking software. The Postdoctoral Research Physicist would 

make frequent trips to CERN and U.S. locations for meetings and consultations. 

Applicants should have experience with high energy physics analysis and software. Applicants 
who are already knowledgeable about CMS software are preferred. Candidates must have a 

Ph.D. degree. Applications, including vitae, list of publications, and three reference letters 
should be sent to: 

Professor Gail G. Hanson 
Department of Physics 

University of California, Riverside 
Riverside, CA 92521-0413 

U.SA 

or by e-mail to Gail.Hanson@ucr.edu or Gail.Hanson@cern.ch. The position 
will be filled as soon as an appropriate candidate is identified. 

UCR 
UNIVERSITY OF CALIFORNIA, RIVERSIDE 

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

The Supernova Cosmology research group of Berkeley Lab has multiple 
Postdoctoral and Scientist positions available on SCP, SN Factory, or SNAP. 
These are two-year term positions with the possibility of renewal and offer an 
exciting opportunity for a wide range of investigations concerning cosmolog-
ical parameters, the acceleration of the universe, and the "dark energy" expla
nations for the acceleration. 

Projects include high-redshift supernova studies of the cosmological parame
ters (SCP), intensive discovery and follow-up of low-redshift supernovae to 
understand these cosmological tools (SN Factory), and the development, 
design, and instrument-prototype construction of a dedicated space-based tel
escope facility (SNAP). Candidates should have interests and abilities in any 
of the following: observation and analysis related to cosmology or supernovae, 
astronomical instrumentation (ground- and space-based), and/or novel real
time data analysis techniques for large-dataset projects. 

Requires a PhD or equivalent experience in Physics and/or Astronomy. Find 
out more at http://supernova.lbl.gov and http://snap.lbl.gov. Applications, 
including CV, list of publications, description of research interests and skills, 
and three letters of recommendation should be sent to: Berkeley Lab Search 
Committee, c/o Ms. Madelyn Bello, Berkeley Lab, One Cyclotron Road, 
Mailstop 50A-4037, Berkeley, CA 94720 or e-mailed to gensciemploy-
ment@lbl.gov. Please cite job number PH/015554/JCERN 
for the Postdoctoral positions and 
PH/015555/JCERN for the Scientist posi
tions. Applications will be considered begin
ning by 1 February 2003. Berkeley Lab is an 
AA/EEO employer. We are located in the 
hills above the UC Berkeley campus. f"f'^THW^M =1 
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O R G A N I S A T I O N E U R O P É E N N E P O U R L A R E C H E R C H E N U C L É A I R E 

E U R O P E A N O R G A N I Z A T I O N F O R N U C L E A R R E S E A R C H 

L A B O R A T O I R E E U R O P É E N P O U R L A P H Y S I Q U E D E S P A R T I C U L E S 

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

Max-Planck- lnst i tut 
fur Physik 

(Werner-Heisenberg-lnstitut) 

P O S T D O C T O R A L P O S I T I O N 
T h e Max-Planck- lns t i tu t f u r Phys ik (Werne r -He i senbe rg - l ns t i t u t ) inv i tes 
app l ica t ions fo r a postdoctoral position for studies for the HERA 3 
project, a possible new experiment at DESY. 
T h e H E R A 3 ini t iat ive is inves t iga t ing t h e possibi l i ty of a n e w e x p e r i m e n t 
at t h e ep-col l ider H E R A at D E S Y . T h e goa ls a r e t h e p rec i se m e a s u r e m e n t 
of s t r u c t u r e f unc t i ons at low x a n d low Q 2 a s wel l a s e x c l u s i v e p r o c e s s e s 
in o r d e r to i n v e s t i g a t e t h e t r a n s i t i o n b e t w e e n p e r t u r b a t i v e a n d 
non-pe r tu rba t i ve Q C D , t h e c o m p a r i s o n of t h e par ton dens i t i es in t h e 
pro ton to t h o s e in light nuc le i , t h e m e a s u r e m e n t of v a l e n c e q u a r k 
dens i t i es a n d a prec is ion m e a s u r e m e n t of t h e s t r o n g coup l ing cons tan t . 
W e a re a lso cons ide r i ng t h e possib i l i ty of s t udy i ng t h e sp in s t r u c t u r e of 
n u c l é o n s w i th po la r i zed b e a m s in H E R A . C u r r e n t w o r k is a im ing to p rov ide 
t h e f o u n d a t i o n fo r a let ter of intent. 

T h e Max-Planck- lns t i tu t is o n e of t h e lead ins t i tu tes in t h e pro ject . W e will 
initially f o c u s on t h e des ign of t h e de tec to r , w i th e m p h a s i s on t h e t rack ing . 
T h e s u c c e s s f u l cand ida te is e x p e c t e d to con t r i bu te to th is ef for t . 

Sa la r y a n d benef i t s a re c o m m e n s u r a t e w i th publ ic s e r v i c e o rgan i sa t i ons 
( B A T lia). T h e con t rac t is initially l imi ted to 2 y e a r s , w i th t h e possib i l i ty of 
e x t e n s i o n o f up to f i ve y e a r s . C a n d i d a t e s s h o u l d h a v e g o o d k n o w l e d g e of 
e x p e r i m e n t a l h igh e n e r g y phys i cs , a n d s h o u l d hold a P h D or e q u i v a l e n t in 
phys ics . T h e y s h o u l d not be o lder t h a n 3 2 y e a r s . T h e MPI h i res on t h e 
bas is of mer i t a n d e n c o u r a g e s app l i ca t ions f r o m w o m e n . 

I n te res ted app l i can ts s h o u l d s u b m i t a n app l ica t ion letter, a s t a t e m e n t of 
r e s e a r c h in te res ts , a c u r r i c u l u m v i t ae , a list o f pub l ica t ions , a n d a r r a n g e 
for t h r e e le t ters of s u p p o r t to be s e n t to 

K r i s t i a n e P r e u s s , M a x - P l a n c k - l n s t i t u t fu r P h y s i k , 
( W e r n e r - H e i s e n b e r g - l n s t i t u t ) , 

F 6 h r i n g e r R i n g 6 , D - 8 0 8 0 5 M u n c h e n 

F u r t h e r i n f o r m a t i o n c a n be o b t a i n e d f r o m Pro f . A l l e n C a l d w e l l 
(E-Mail: caldwell@mppmu.mpg.de). App l i ca t i ons s h o u l d be s e n t as s o o n 
as poss ib le , at t h e latest 6 w e e k s a f te r pub l ica t ion . 

Australian Synchrotron Project -
Lighting the Path to Innovation 

A major national facility, to be located in Melbourne, the Australian synchrotron will 
provide researchers both from within Australia and overseas, with a powerful new tool 
for scientific and industrial research including the fields of structural molecular biology, 
molecular environmental science, materials science and medical diagnostics and 
therapy. 
A number of experienced Managers, Engineers and Physicists are now required to work 
with a large team of world leading experts in managing the design and construction of 
this project, from conceptual design to final inspection and testing activities. We have 
employment opportunities in the following fixed term roles: 

• Lead Accelerator Physicist 
• Technical Manager 
• Accelerator Physicist 
• Lead Mechanical Engineer 
• Lead Electrical Engineer 
• Lead Computer Control Systems Engineer 

Relocation assistance will be provided. Please enquire in strict confidence by 
contacting Rohan Christie or Graham Gough on +61 (03) 9670 1220 or +610413 592 
882 or by sending an email to address shown below. Please send a concise CV (max 5 
pages) and cover letter to the following address: Rohan Christie, Gough Partnership, 
"Bourke Place" Level 9, 600 Bourke Street, Melbourne VIC 3000 Australia Fax: +61 
(03) 9670 1575 Email: rc@goughpartnership.com.au www.goughpartnership.com.au 

Further information on the project can be obtained at 
h ttp://www. synchrotron, vic.gov. a u 

C E R N invi tes appl ica t ions for t h e posi t ion of 

E D I T O R 
C E R N C o u r i e r 

Published ten t imes a year in Engl ish and F r e n c h , the C E R N Courier se rves 
the global part icle physics communi ty . It carr ies news and opinion on 

developments in part icle physics, nuclear physics and accelerator sc ience . 
T h e readership of around 25,000 is broadly divided b e t w e e n the part ic le 
physics communi ty and sc ient is ts in other discipl ines. Product ion of the 

magaz ine is ou tsourced , current ly to IOP Publ ishing in the UK. 

Candidates are expec ted to have a doctora te in part icle physics and a proven 
t rack record in wr i t ten sc ience c o m m u n i c a t i o n , w i t h exper ience at 

internat ional level . Fur ther requi rements include exper ience of scient i f ic 
publishing coupled w i th the ability to t r a n s f o r m scient i f ic information into 

te rms that can be understood by non-special ist audiences. Impeccable 
wr i t ten Engl ish and a good w o r k i n g k n o w l e d g e of French are necessary . 

T h e post wi l l involve independent research ing , commiss ion ing , edit ing and 
wr i t ing . T h e Editor wil l w o r k closely w i t h the externa l publisher to ensure 

t imely del ivery of an accura te and relevant magaz ine . H e / S h e wil l also have 
superv isory responsibi l i ty for the Laboratory 's other non-technical publ icat ions. 

Interested candidates are asked t o send an application letter and a CV 
including the n a m e s of th ree referees to Mr Pierre Gi ldemyn, Human 

Resources Coordinator , C E R N , C H @ 1211 Geneva 23, emai l : 
P ie r re .G i ldemyn@cern .ch , by 15 March 2003. Nat ionals of C E R N ' s Member 

States may apply for this v a c a n c y * . 

Th is posit ion is also publ ished on the v a c a n c y list at C E R N , w h i c h can be 
consul ted at w w w . c e r n . c h / j o b s / 

C E R N is an equal opportuni ty employer and encourages both m e n and w o m e n 
w i t h the relevant qual i f icat ions to apply. 

* AT, BE, BG, C H , C Z , DE, DK, ES, F I , F R , G R , H U , IT, NL, NO, PL, PT, SE , SK, UK 

Associate Professor 
i n Microelectronics 
D e p a r t m e n t o f Phys ics 

Univers i ty o f B e r g e n , N o r w a y 

iVictorial 

The Department invites applications for a tenure position in microelectronics with an 
emphasis on ASIC design as applied to analogue devices/circuits/systems, computer 
systems and digital signal processing. The position is available immediately and will 
be at Associate Professor level. More information on the Department is available at 

http://www.fi. uib. no/ 
The Department of Physics has substantial expertise and experience in the 

development of electronics for high-energy physics and space physics 
instrumentation and for industrial applications. Activities within microelectronics 

include design, simulation, production and testing of analogue and digital VLSI 
systems, where integration with detector/sensor technology is a prime focus. 

The successful applicant must have a doctorate in electrical or computer engineering 
or applied physics or corresponding qualifications. He or she will have a special 

responsibility towards teaching and research within analogue and mixed circuits, 
with emphasis on modeling and design of sub micron integrated circuits. The 

applicant should demonstrate excellence in teaching, outstanding communication 
skills, and commitment to working with students and developing collaborative 
research. The candidate should demonstrate the ability or potential to carry out 

research at an advanced international level, and the ability to initiate and conduct 
research projects. Industrial experience as an ASIC designer is desirable. 

A complete description of the position can be found at 
http://www.uib.no/info/english. Applications must be written and submitted in 
strict agreement with the guidelines given in the full description. On-line/electronic 

applications will not be considered. 
Closing date for applications is February 22nd, 2003. 

Informal enquiries can be made to: Associate Professor Kjetil Ullaland, 
Department of Physics, phone +47 55 58 28 71, email kjetil.ullaland@fi.uib.no D e p a r t m e n t of In f ras t ruc tu re 
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P A U L S C H E R R E R I N S T I T U T — 

research for the future 

Experimental Physicist 
Postdoc Position 

With a broad research program in experimental phisics and with large 

research facilities such as the neutron spallation source SINQ and the 

synchrotron light source SLS, the Paul Scherrer Institute PSI offers a 

wide and attractive spectrum of experiments, an increasing number of 

them at low temperatures. 

Your tasks 

You will be a member of the Low Temperature Facilities group. You will 
study the process of dynamic nuclear polarization of nuclei around 
paramagnetic centres as a function of space and time. The transfer of 
spin ordering to the nearby protons and by spin diffusion to the bulk 
protons is investigated using both NMR and small angle neutron scat
tering of polarized neutrons. Further you will participate in experi
ments and general tasks of the group. 

Your profile 

You completed recently your PhD thesis in physics. Preferably, you are 

familiar with the use of liquid helium and you acquired experience in 

two or more of the following fields: dynamic nuclear polarization, 

NMR, ESR, small angle neutron scattering, polarized neutrons, low 

temperature techniques below 1 K. You like to work in a small team 

of physicists and technicians collaborating with user groups of the PSI 

facilities. A good command of English is required. 

For further information please contact Dr B. van den Brandt, telepho

ne +41 56 310 40 27, e-mail: ben.vandenbrandt@psi.ch. 

Please send your application to PAUL SCHERRER INSTITUT, Human 

Resources, Mr. Thomas Erb, ref. code 3012, CH-5232 Villigen PSI, 

Switzerland. 

Further jobs: www.psi.ch 

P o s t d o c t o r a l F e l l o w s h i p s -

E x p e r i m e n t a l N e u t r i n o A s t r o p h y s i c s 

a t Q u e e n ' s U n i v e r s i t y 

T h e Depar tment o f Phys ics at Q u e e n ' s U n i v e r s i t y invi tes appl icat ions f r o m 
qual i f ied candidates to j o i n the exc i t ing research p rog ram at the Sudbury 
Neu t r i no O b s e r v a t o r y ( S N O ) and participate in the deve lopment o f n e w 
projects at the n e w expanded underg round faci l i ty . Candidates must have a 
P h D in a related area o f exper imenta l phys ics or rad iochemist ry . App l icants 
should f o r w a r d a cu r r i cu lum v i tae , a statement o f research interests, and 
arrange for letters f r o m three referees to be sent to: 
P r o f A . J . N o b l e , 
Depar tment o f P h y s i c s , St i r l ing H a l l , 
Queens U n i v e r s i t y , K i n g s t o n , O n t a r i o , 
Canada , K 7 L 3N6 

C E N T R E N A T I O N A L 

D E L A R E C H E R C H E 

sciEN-nnouï; i s n 
i f i M M I 

A c c e l e r a t o r p h y s i c i s t o r E n g i n e e r 
ISN (Institut des Sciences Nucléaires), located in Grenoble, is one the French 
laboratories which have acquired a rich experience in studying and building 
particle accelerators . Among the recent projects ISN has been involved 
in , one can quote : ETOILE (a synchrotron for hadron therapy), GENEPI 
(a pulsed neutron generator for hybrid reactors) and HIPHI 
(a high intensity proton accelerator). 

ISN is now taking major commitments in the Advanced Detailed Project 
of LINAG : a high intensity deuteron linac for SPIRAL at GANIL. In this context, 
we are seeking a high level accelerator physicist or engineer. 

Applicants should either have a Ph. D. in physics or an engineer diploma of 
a renowned school . They should be knowledgeable in the investigation of RF 
systems. A deep competence in beam dynamics will also be appreciated. 

The position will be open for 3 years (starting at the beginning of May 2003) 
with a high probability to get converted into a permanent position at CNRS. 

Salaries are commensurate with the French public service organizations. 

Detailed information can be obtained by contacting our project leader : 
Jean-Marie De Conto at ISN Grenoble : Jean-Marie.De-Conto@isn.in2p3.fr 
+33 4 76 28 40 98 

Applicants should send a resume, a letter of motivation and a short 
description of their recent scientific activities to : 
Jean-Marie de Conto , ISN Grenoble , 53 avenue des Mar tyrs , 
F-38026 Grenoble Cedex, before 3 March 2003. 

CNRS is an Affirmative Action/ Equal Opportunity Employer 

6 POSTDOCTORAL POSITIONS IN EXPERIMENTAL HIGH ENERGY PHYSICS 

The PRSATLHC Research Training Network, funded by the European Commission's 5th Framework (contract HPRN-CT-

2002-00326), is offering 6 post-doctoral positions to study the physics of the LHC and to design and implement 

algorithms for event selection. The positions will be given for 2 to 3 years with a highly competit ive salary determined 

according to qualification and place of appointment. The institutions belonging to the Network, along with the 

contact person are: 

• University of Athens (Greece), P. Sphicas, Paris.Sphicas@cern.ch (coordinator) 
• INFN-Pisa (Italy), F. Palla, Fabrizio.Palla@cern.ch 
• University of Pact ova (Italy), U. Gasparini, Ugo.Gasparini@cern.ch 
• University of Karlsruhe (Germany) T. Mueller, mullerth@ekp.physik.uni-karlsruhe.de 
• Imperial College (U.K.), T.Virdee, Tejinder.Virdee@cern.ch 
• University of Louvain (Belgium), V. Lemaitre, Vincent.Lemaitre@cern.ch 
More information on the network can be found at http://cms.phys.aoa.gr/ PRSATLHC/. 

Qualifications required include a PhD or equivalent in High Energy Physics, and a clear demonstration of the ability 

to carry out a research program, whether on hardware or software. Knowledge of modern programming techniques, 

Object-Oriented software and C++ will be an asset (but not obligatory). Applicants must be (a) age 35 or less at the 

time of their appointment to the network (b) be nationals of an EU Member State or Associated State or have 

resided in an EU Member State for at least five years and (c) they must not be a national of the state in which the 

institution is located. The full set of eligibility requirements can be found on the network website. Applications 

should be sent directly to the contact person, with a copy sent to the network coordinator as well. All positions will 

remain open until suitable candidates are found. 

The member institutions of this network are all Equal Opportunity/Aff irmative Action Employers and particularly 

encourage applications from women and minorities. 

Post D o c P o s i t i o n 
i n Beam D y n a m i c s and D y n a m i c a l 
Systems fo r 1 +1 years s tar t ing 
4/1/03. 
Emphas is o n s tudy ing the V l a s o v 
equa t ion , as it arises i n co l lec t i ve 
effects i n m o d e r n accelerators , 
us ing tools f r o m d y n a m i c a l 
sy tems and h i g h p e r f o r m a n c e 
c o m p u t i n g . 

h t t p : / / w w w . m a t h . u n m . e d u . / 
j o b s / e m p l o y m e n t . h t m l 
James E l l i son , Math/Stat, U N M , 
A l b u q u e r q u e , N M 87131 

A c c e s s 

PhysicsJobs 

physicsweb.org 
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T h e L a w r e n c e L a n g e r 
R e s e a r c h F e l l o w s h i p 

T h i s s p e c i a l r e s e a r c h f e l l o w s h i p is n a m e d a f t e r L a w r e n c e L a n g e r w h o 

p e r f o r m e d p i o n e e r i n g r e s e a r c h o n b e t a d e c a y a n d n e u t r i n o m a s s 

m e a s u r e m e n t s . T h e f e l l o w s h i p is a w a r d e d t o a n o u t s t a n d i n g p o s t 

d o c t o r a l s c i e n t i s t w h o is a t a n e a r l y p o i n t i n a p r o m i s i n g c a r e e r . 

C a n d i d a t e s f o r t h i s f e l l o w s h i p m u s t h a v e d i s p l a y e d o u t s t a n d i n g 

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

p r o m i s e o f b e c o m i n g l e a d e r s in t h e a c a d e m i c r e s e a r c h c o m m u n i t y . A 

P h . D . i n e x p e r i m e n t a l s u b a t o m i c p h y s i c s is r e q u i r e d . F e l l o w s h i p s w i l l 

b e a w a r d e d f o r a t h r e e - y e a r t e r m . L a n g e r F e l l o w s , w h o w i l l b e 

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

I U C F f a c u l t y m e m b e r s in a r e s e a r c h a r e a o f c o m m o n i n t e r e s t . 

T h e I .U . s u b a t o m i c p h y s i c s g r o u p h a s a n a c t i v e p r o g r a m w i t h 

e x p e r i m e n t s t o s t u d y n u c l é o n s t r u c t u r e , n u c l e a r d y n a m i c s , a n d t h e 

p r o p e r t i e s o f t h e w e a k i n t e r a c t i o n . T h e w i d e r a n g e o f q u e s t i o n s 

b e i n g a d d r e s s e d b y 1 1 f a c u l t y m e m b e r s i n v o l v e l e a d e r s h i p r o l e s in 

s t u d i e s o f p a r i t y v i o l a t i o n in t h e r m a l n e u t r o n - p r o t o n c a p t u r e a t 

L A N S C E , f l a v o r a n d s p i n s t r u c t u r e o f t h e n u c l é o n a t R H I C w i t h t h e 

S T A R d e t e c t o r , n e u t r i n o o s c i l l a t i o n s w i t h t h e m i n i B o o N E e x p e r i m e n t 

a t F e r m i l a b , a n d l o w e n e r g y s o l a r n e u t r i n o s w i t h C L E A N . L o c a l 

f a c i l i t i e s i n c l u d e a 2 0 0 M e V c y c l o t r o n a n d a 2 4 0 M e V s y n c h r o t r o n . 

W h i l e t h e m a j o r p r o g r a m s o n t h e s e n o l o n g e r i n c l u d e n u c l e a r 

p h y s i c s , t h e y d o p r o v i d e e x c e l l e n t f a c i l i t i e s f o r d e v e l o p m e n t a n d 

t e s t i n g . T h e l a b o r a t o r y a l s o p r o v i d e s e x c e l l e n t p e r s o n n e l 

i n f r a s t r u c t u r e t o e n a b l e s t r o n g p a r t i c i p a t i o n in m a j o r o f f - s i t e 

p r o j e c t s . O p p o r t u n i t i e s a r e a v a i l a b l e o n a l l m a j o r r e s e a r c h p r o j e c t s . 

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

h t t p : / / w w w . i u c f . i n d i a n a . e d u . 

T h e L a w r e n c e L a n g e r R e s e a r c h F e l l o w s h i p c a r r i e s a s t i p e n d o f 
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IU is strongly committed to achieving excel lence 
through cultural diversity. The university actively 

encourages applications and nominations of women, 
persons of color, applicants with disabilities, and 

members of other underrepresented groups. 

Indiana University is an Affirmative Ac t ion /Equa l Employment institution. 

NEED TO R E C R U I T ? 

D e u t s c h e s E l e k t r o n e n - S y n c h r o t r o n DESY 

In international cooperation the research center DESY plans 

and develops an innovative future project: T E S LA, a 3 3 km 

iing linear accelerator with Integrated 

X-ray lasers. 

O u r g r o u p - M H F - p - in H a m b u r g is r e s p o n s i b l e for the o p e r a t i o n of 

t h e R F s y s t e m s for t h e p r o t o n a c c e l e r a t o r s a n d t h e d e v e l o p m e n t , 

insta l lat ion a n d o p e r a t i o n of the R F s y s t e m of T E S L A T e s t Faci l i ty, 

a s u p e r c o n d u c t i n g l i near a c c e l e r a t o r , w h i c h s e r v e s a s a t e s t b e d 

of c o m p o n e n t s fo r t h e f u t u r e L i n e a r - C o l l i d e r w i t h i n t e g r a t e d f r e e 

e l e c t r o n laser . W e a r e l o o k i n g fo r a 

s c i e n t i s t ( m / f ) 

B A T ib a c c o r d i n g to q u a l i f i c a t i o n 

Y o u a r e e x p e c t e d to p l a y a k e y ro le in t he d e s i g n a n d c o m m i s s i o 

n ing of the rf c o n t r o l s y s t e m fo r t h e £ 4 s u p e r c o n d u c t i n g c a v i t i e s 

of t h e T E S L A - T e s t - F a c i i i t y . T h e b a s i c c o n c e p t is b a s e d o n a s ta te 

of t he ar t fast d ig i ta l I Q c o n t r o l l e r w h i c h c o n t r o l s t h e v e c t o r - s u m 

of u p to 32 c a v i t y v o l t a g e s in p r e s e n c e of s e v e r e L o r e n t z f o r c e 

de tun ing , m i c r o p h o n i c s , a n d b u n c h c h a r g e f luc tuat ions. In o r d e r to 

mee t the r e q u i r e m e n t s fo r T T F II a n d the T E S L A l inear co l l i de r y o u 

wi l l c o n t i n u a l l y i m p r o v e e x i s t i n g d e s i g n s a n d , a s a m e m b e r of a 

mu i t i d i sc ip l i na ry t e a m , y o u wil l b e r e s p o n s i b l e for the c o m m i s s i o 

n ing of t h e rf c o n t r o l f o r t h e f r e e e l e c t r o n l a s e r at t he T T F II. 

Y o u s h o u l d h a v e a P h . D . in p h y s i c s , e q u i v a l e n t s c i e n c e o r c o m p a 

rab le qua l i f i ca t ions . F u r t h e r y o u s h o u l d h a v e a w o r k i n g k n o w l e d g e 

in at least o n e of t h e fo l l ow ing a r e a s ; a c c e l e r a t o r p h y s i c s , c o n t r o l 

t h e o r y , d ig i ta l s i g n a i p r o c e s s i n g , r a d i o f r e q u e n c y s y s t e m s fo r 

a c c e l e r a t o r s , p r o g r a m m i n g l a n g u a g e s a n d o p e r a t i n g s y s t e m s 

( s u c h a s U N I X , C , C + + ) . E x p e r i e n c e w i t h pa r t i c le a c c e l e r a t o r s , 

s u p e r c o n d u c t i n g cav i t i es o r s imu la t i on p r o g r a m s s u c h a s M A T L A B 

a n d S I M U L I N K a r e d e s i r a b l e . F u r t h e r m o r e y o u r w o r k w o u l d pa r t l y 

c o n s i s t of shift w o r k . Y o u r hea l t h s h o u l d a l s o pe rm i t t h e u s e of a 

b r e a t h p r o t e c t i o n m a s k . If y o u fulfi l ail t h e s e r e q u i r e m e n t s , p l e a s e 

s e n d y o u r let ter of a p p l i c a t i o n to o u r p e r s o n n a l d e p a r t m e n t . 

S a l a r y a n d b e n e f i t s a r e c o m m e n s u r a t e w i t h p u b l i c s e r v i c e 

o r g a n i s a t i o n s . D E S Y o p e r a t e s f l ex ib le w o r k s c h e m e s , s u c h a s 

f lex i t ime o r pa r t - t ime w o r k . 

D E S Y is a n e q u a l o p p o r t u n i t y , a f f i rma t i ve a c t i o n e m p l o y e r a n d 

e n c o u r a g e s a p p l i c a t i o n s f r o m w o m e n . 
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c o d e : 4 / 2003 • N o t k e s t r a B e 85 • D - 2 2 6 0 3 H a m b u r g • 

P h o n e + 4 9 (0) 40 8998-3918 » w w w . d e s y . d e 

e m a i l : p e r s o n a l . a b t e i i u n g @ d e s y . d e 

G e r m a n y 

E m a i l E d J o s t : e d w a r d J o s t @ i o p . o r g 

U N I V E R S I T Y 

of 
G L A S G O W 

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

R e s e a r c h A s s o c i a t e i n 
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 

R A I A £18,265 - £27,339 
You will work on the Z E U S experiment, taking part in the operation 

of the experiment and the analysis of the data. It is hoped that you will 
be able to spend extended periods at D E S Y . You will have, or shortly 
expect to gain, a PhD along with exper ience in the field of particle 
physics data analysis or simulation. Th is post is available from 1 May 
2003 or from an alternative date by agreement until 30 September 2006. 
Informal enquiries to Dr P J Bussey (p.bussey@physics.gla.ac.uk). For further 
particulars see http://ppewww.ph.gla.ac.uk/ 
Applications, quoting Ref: 603/02, should be sent to Professor D.H. Saxon, 
Kelvin Building, Univers i ty of G lasgow, G lasgow G12 8QQ. 

Closing date: 19 February 2003. 
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• C e n t e r f o r A d v a n c e d M i c r o s t r u c t u r e s m 
a n d D e v i c e s ( C A M D ) 

A s s o c i a t e D i rec to r " M a c h i n e P h y s i c s " 
T h e Center for Advanced Microstructures and Devices (CAMD) at 
Louisiana State University (LSU), invites applications for the position of 
Associate Director "Machine Physics" as the head of the machine group 
(Successor to the late Dr. B.C. Craft). For further information about 
CAMD visit our web-site (ht tp: / / lsu.camd.edu). 
The position requires: 

• A PhD in physics, engineering or a related field 
• Professional experience in operation of electron 

accelerators for the production of synchrotron radiation 
• Leadership and administrative skills 
• New ideas to optimize the CAMD ring for the 

user requirements 
• Interest in developing plans for the long-term 

future of C A M D . 
• Familiarity with the main hard- and software 

components of a storage ring system 

The salary will be commensurate with qualifications and experience. 
Based on qualifications and interest we can offer the successful 
candidate either an Adjunct Professorship or a tenured position in a 
suitable Department at LSU. Application Deadline is February 28, 
2003 or until a candidate is selected. Submit letter of application, 
three references with telephone numbers, e-mail addresses and 
fax numbers along with a resume to Craig Stevens, CAMD Ref # 
012760 'Associate Director', 6980 Jefferson Hwy. Baton Rouge, 
LA 70806. e-mail: evstev@lsu.edu, 

For further information contact the Director of CAMD, Prof. Dr. Hormes 
(e-mail: hormes@lsu .edu) 

tm LSU is an equal opportunity/equal access employer H 

E n r i c h y o u r 
b u s i n e s s a n d r e a l i z e 
t h e i r p o t e n t i a l 
The Physics World Gradua te Specia l will 
enhance your message: 
• dedicated section • 
• sponsorship opportunities 
• bonus distribution at major recruitment shows 
• also available to non-subscribers 

For more information on how to place your advert, 
contact Debra Wills or Ed Jost on 0117 9301028. 

Physics Physics 

I N D E X T O D I S P L A Y A D V E R T I S E R S 
A D S C 3 9 I n s t i t u t e o f P h y s i c s P u b l i s h i n g 2 2 , 3 5 

A m p t e k 5 7 J a n i s R e s e a r c h 5 7 

B e r g o z 2 9 M e g a I n d u s t r i e s 5 9 

B i r m i n g h a m M e t a l 1 8 P e a r s o n E l e c t r o n i c s 2 6 , 5 7 

B r u s h W e l l m a n 1 8 P h o t o n i s 5 7 

C a b u r n M D C 6 0 P o s i t r o n i c I n d u s t r i e s S A 4 

C . A . E . N . 2 Q E I 1 7 

D a n f y s i k 2 2 V A T V a c u u m P r o d u c t s 1 1 , 4 4 , 5 7 

G o o d f e l l o w 1 8 

H a r t i n g 3 6 

H i t e c P o w e r P r o t e c t i o n 5 8 

I n s t i t u t e o f P h y s i c s E d u c a t i o n a l P u b l i s h i n g 4 

The index is provided as a service and, while every effort is 
made to ensure its accuracy, CERN Courier accepts no 
liability for error. 
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BOOKSHELF 
A N e w K i n d o f S c i e n c e by S tephen Wo l f ram, 
Wol f ram Media, Inc. ISBN 1579550088, 
$44.95 ( U S ) ; £40 ( U K ) . 

"Three centur ies ago, sc ience w a s trans
fo rmed by the dramat ic new idea that rules 
based on mathemat ica l equat ions could be 
used to descr ibe the natural wor ld . My pur
pose in this book is to initiate another such 
t ransformat ion, and to introduce a new kind 
of sc ience that is based on the much more 
general type of rules that can be embod ied in 
s imple computer programs." T h u s begins A 
New Kind of Science, in a probably self-
consc ious reference to Newton 's Principia. 
Ambit ion is certainly not lacking; this work 
c laims to give us a radically new v iew of a 
large number of natural and social sc iences. 
T h e author says that the discover ies he has 
made with his new kind of sc ience will t rans
form many fields of scientif ic endeavour , 
including the theory of evolut ion; the interpre
tation of genet ic informat ion; the origin of 
morphology in biological sys tems; embryo l 
ogy; the very notions of space and t ime; 
e lementary particles; quan tum mechan ics ; a 
fully f ledged complexi ty theory; and brain 
funct ion. A deeper understanding of th ings 
like free will and extraterrestrial intel l igence 
are thrown in for good measure . 

Wol f ram w a s a child prodigy w h o also 
worked on particle physics and cosmology , 
making important contr ibut ions. He is wel l 
known as the author of Mathematica, a mag
nificent sof tware package that al lows 
sophist icated symbol ic manipulat ions. Th is 
provides the basic tool for the invest igat ions 
presented in this vo lume . W h e n the program 
w a s re leased, it was an instant success , and 
most high-energy physicists are a lmost as 
addicted to it as they are to Paul Ginsparg 's 
archives. Nearly 20 years ago, Wol f ram 
decided to s tudy sys tems known as cellular 
au tomata . T h e s implest of these consists of 
an array of cells that can be in two states -
say black and white - whose evolut ion gener
ates a pattern in a two-d imensional array. T h e 
update rule that al lows us to determine the 
state in the next row is (in the s implest var i 
ety) determined by the state of the cell and 
that of its two nearest neighbours. In this case 
the total number of possible rules is just 256 , 
and one can program a computer to s tudy 
their evolut ion for a var iety of initial condi 
t ions. A particularly important program is rule 
110, which states that if the cell is whi te , it 
will only turn black if its right ne ighbour is 

black, and if it is black, it will remain black 
unless its two neighbours are also black, in 
wh ich case it will turn white. Given the initial 
condi t ion, one can apply the rule and fol low 
the two-dimensional pattern that is generated 
after many iterations. Wol f ram d iscovered in 
the early 1980s that in spite of the simplicity 
of these rules, the patterns generated can 
contain great complexi ty - s imple rules can 
generate complex behaviour. By thoroughly 
s tudying many kinds of cellular au tomata , he 
proposed their classif ication into four cate
gories accord ing to the long-term patterns 
they generate: uniformity, periodicity in t ime, 
fractals, and genuine complex non-repetit ive 
patterns. With this principle, he begins his 
s tudy of how to understand the complexi ty w e 
observe in nature. 

After making the basic observat ion by look
ing at computer exper iments with linear 
cellular au tomata , Wol f ram presents many 
other sys tems leading to complex behaviour , 
including higher-dimensional cellular 
au tomata , tag-systems, substi tut ion sys tems , 
cont inuous automata and Tur ing mach ines. 
His conc lus ions a lways seem to be that once 
complex behaviour is ach ieved, the addit ion 
of new rules (compl icat ing the initial p rogram) 
will not signif icantly change the level of com
plexity. He also presents a plethora of natural 
phenomena that at first sight look complex. 
Tradit ional intuition might lead to the belief 
that the underly ing rules are compl icated, but 
Wol f ram can produce s imple automaton rules 
that v isual ly reproduce their pattern of c o m 
plexity. Th is includes snowf lakes, leaves in 

plants, mol lusc shel ls, iterated maps , p igmen
tation patterns throughout the animal wor ld , 
the breaking of materials, ear thquake pat
terns, and many others. S o m e of these 
phenomena have been studied by others, but 
s ince the main body does not include refer
ences , it is hard for the reader to know this. 

In s o m e instances, Wol f ram's case is con
vincing; in others it looks more like a good 
guess . In chapter 9, for example , he offers his 
v iew of the origin and except ions of the sec
ond law of the rmodynamics , together with a 
speculat ive model of the physical universe 
based on discrete causal networks where 
e lementary particles are identified with local
ized structures o t t h e universal au tomaton . 
T h e model is far f rom being testable, and 
fur thermore, the w a y in which quantum 
mechan ics is incorporated may have difficul
t ies with the Bell inequalit ies. 

T h e last two chapters on the notion of com
putat ions and the principle of computat ional 
equ iva lence are the natural conclusion of 
previous arguments . Like others (in particular 
Edward Fredkin) , Wol f ram proposes that the 
universe is a computat ion ("it for bit", as J o h n 
Whee le r wou ld s a y ) . The fact that running 
s imple programs roughly reproduces a large 
var iety of complex patterns leads him to for
mulate his principle of computat ional 
equ iva lence (p720 ) : "The principle of compu 
tat ional equ iva lence introduces a new law of 
nature to the effect that no sys tem can ever 
carry out explicit computat ions that are more 
sophist icated than those carried out by sys
tems like cellular automata and Tur ing 
mach ines . " In fact, in chapter 11 a proof is 
presented showing that rule 110 is a univer
sal Tur ing mach ine - a universal computer . 
On p i 115 w e learn that the proof comes f rom 
one of Wol f ram's former emp loyees , Mat thew 
Cook, w h o w a s asked to work on it by Wol f ram 
himself. T h e fact remains that to codify other 
universal computers as initial condit ions to 
rule 110 so that it can simulate them seems 
extraordinari ly compl icated. Assuming the 
proof to be correct, and Wol f ram is aware that 
a few errors may remain , it provides the s im
plest universal Tur ing machine constructed to 
date. However , a more unsettl ing conclusion 
can be d rawn. S ince humans are more 
processes than beings (we are gene survival 
kits, as Richard Dawkins colourfully puts it), 
w e can descr ibe our existence as an ongoing 
computa t ion . Hence according to the princi
ple of computat ional equiva lence, we are > 
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computat ional ly equivalent to rule 110. Ever 
s ince Copern icus, our place in the universe 
has d imin ished. Wol f ram's conclus ion s e e m s 
the epi tome of Copern ican recess ion. "But the 
Principle of Computat ional Equ iva lence also 
implies that the same is ult imately true of our 
whole un iverse, " Wol f ram reassures us on 
p845. The problem may also be in the details 
of the initial condit ions, and the devil is 
a lways in the detai l . 

If we fol low the previous arguments , the 
same principle seems to lead inevitably to the 
conclusion that the whole universe, with all its 
subtle and wonderfu l features, can be encap
sulated in a few lines of computer code (for 
example in Mathematica). T h e book ends with 
a humbl ing thought: "And indeed in the end 
the Principle of Computat ional Equ iva lence 

L E T T E R S 

CERN Courier we l comes feedback but 
reserves the right to edit letters. Please emai l 
cern .cour ier@cern.ch. 

P a r t i c l e p h y s i c s in N e w Z e a l a n d 
Y o u descr ibed a plan for New Zea land to 
contr ibute to instrumentat ion for the LHC that 
is being built primarily to search for the Higgs 
boson (CERN Courier Augus t 2002 p29) . It 
might have been ment ioned that not all New 
Zealanders bel ieve in the existence of the 
Higgs boson , even though s o m e basic con
cepts of the Standard Model were proposed 
here. T h e profile did of course refer to 
Rutherford, a l though he may not have done 
much nuclear physics in New Zea land . It is, 
however , perhaps noteworthy that 
ast ronomers in New Zea land are currently 
using a gravitat ional microlensing techn ique 
that is comparab le to Rutherford scatter ing to 
search for terrestrial extra-solar planets. T h e 
main dif ference is that whereas in Rutherford 
scatter ing electrons decelerate the projecti le, 
in gravitational microlensing, the projectile is 
def lected by planets. The mathemat ics is 
otherwise quite similar. 

Philip Yock, University of Auckland, New Zealand. 

Alick MacPherson replies: 
It was with great pleasure that we were able to 
report in CERN Courier {he deve lopment of a 
New Zea land particle physics initiative that 
will contr ibute to the C M S pixel detector and 
the CMS heavy- ion p rogramme. By des ign , 
N Z _ C M S (now elected a full m e m b e r of C M S ) 

encapsu la tes both the ultimate power and the 
ult imate weakness of sc ience. For it implies 
that all the wonders of our universe can in 
effect be captured by s imple rules, yet it 
shows that there can be no w a y to know all 
the consequences of these rules, except in 
effect just to watch and see how they unfo ld." 

Wol f ram has very high expectat ions for his 
new kind of sc ience. No doubt many of his 
ideas and ana lyses will be incorporated in 
scientif ic d iscourse, but whether they will 
have the power to truly solve basic open 
quest ions in so many fields of knowledge 
(even in just one would be a great a c c o m 
pl ishment) remains to be seen . 

The book is often vague, which is in part due 
to the style of exposit ion chosen by the author, 
w h o is writ ing for a general aud ience. In (tradi-

will contr ibute to CMS, while building on 
existing research strengths within New 
Zea land physics research (astro-particle 
physics, as t ronomy, electronics, materials 
sc ience and solid s tate) . It is expected that 
N Z _ C M S will foster deve lopments with the 
wider research communi ty , the New Zea land 
government and industrial sector, wh ich will 
benefit both New Zealand and CMS. 

In short , a crucial factor in the success of 
N Z _ C M S will be its ability to deve lop syner
gies within the New Zealand research 
communi ty , and to extend these through the 
st rengthening of international links. As such , 
we see it as a healthy sign that New Zea land 
physicists are not in uniform agreement on 
the structure of our underly ing particle theory, 
and that the N Z _ C M S programme has 
renewed interest amongst New Zea land 
researchers and students in high-energy parti
cle phys ics. Indeed in the last year, guided 
visits to C E R N and to the CMS exper iment by 
New Zea land-based staff and students have 
been made on five occasions, compared with 
none in the previous year. 

T h e N Z _ C M S programme, with a comb ined 
thrust of fundamenta l HEP and instrumenta
tion techno logy, should create a strong and 
wel l -balanced New Zealand-based particle 
phys ics research initiative that builds on our 
existing strengths, whi le opening research, 
techno logy and industrial opportuni t ies for 
young New Zealanders . This will al low New 
Zea landers to deve lop and part icipate fully in 
CMS, wi thout adding to the "brain dra in" of 
human resources that has p lagued New 
Zea land s ince the t ime of Rutherford. 

t ional) scientif ic pract ice, the identif ication of 
precise definit ions and features of a given 
problem often takes us a long way towards its 
resolut ion. It is clear that much more work will 
be done fol lowing the methods of this book, 
and in a few years ' t ime, we will know whether 
they have become commonp lace . 

Apar t f rom the controversial and specu la
t ive aspects of this book, it is worth 
ment ioning that it provides an excel lent 
exposi tory account of large areas of physics, 
mathemat ics , computer sc ience and biology 
in the main text and in the notes. T h e latter 
contain lucid presentat ions of vast areas of 
human knowledge. There is a lot to be learned 
f rom this book,*and without a shadow of 
doubt , it will not leave you indifferent. 
Luis Alvarez-Gaume, CERN. 

G r o w i n g i n t e r n a t i o n a l i s m at F e r m i l a b 
I en joyed your piece on Fermilab (CERN 
Courier N o v e m b e r 2002 , p32) , but unfortu
nately, a smal l error crept into your 
descr ipt ion of DO's evolut ion. T h e French 
Sac lay laboratory was indeed the only non-US 
founding m e m b e r of DO, but this happened in 
1984 (not 1996) . By 1995, the author list on 
the top quark d iscovery paper had grown to 
include groups f rom Brazil, Co lombia, France, 
India, Korea, Mexico and Russia, together 
with visitors f rom Argent ina, China and 
Ecuador , w h o later went on to become the 
nuclei of full m e m b e r groups in those coun
tr ies. Now the list of countr ies affiliated with 
DO also includes the Czech Republ ic, 
Ge rmany , I re land, the Nether lands, S w e d e n , 
the UK and V ie tnam. Western European 
invo lvement is substant ial - instead of one 
French m e m b e r group, we now have s e v e n . 
More than half of our col laborators are now 
f rom non-US institutions. 
John Womersley, co-spokesman, DO experiment. 

Comment: 
T h e internationalization of DO has indeed been 
impress ive, reflecting a growing trend in parti
cle phys ics in genera l . From one foreign 
institution to over 50% non-US participation 
in two decades is certainly substant ia l , and 
C E R N is undergoing a similar evolut ion, with 
over 40% of col laborat ing institutes being in 
non-member states. 

Another error crept into the profile. T h e 
Teva t ron is, of course, a pro ton-ant ipro ton 
collider, and n o t a p ro ton-p ro ton machine. 
James Gillies. 
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S U P P L I E R I N F O R M A T I O N 

Pearson Electronics Inc 
Fast w ide-band cu r ren t mon i to rs 
Pearson Electronics is the original and leading 
manufacturer of wide-band current monitors. 
Pearson monitors measure submilliamp currents 
of up to several hundred thousand amps. New fast 
designs have a 3 dB bandwith from 140 Hz to 
250 MHz and a rise time of 1.5 ns. Clamp-on 
current monitors and standard models are in stock 
and available for immediate delivery. 

Pearson Electronics Inc 
4009 Transport Street, Palo Alto, CA 94303, USA 
Te l :+1650 494 6444 
Fax:+1650 494 6716 
Web: www.pearsonelectronics.com 

V A T Vacuum Products Ltd 
T h e V A T Ser ies 54 al l-metal r ight-angle va lve 
A new concept in all-metal sealing technology! 
The traditional copper pad system is replaced with 
a stainless-steel Vatring. The valve closes to a 
physical stop, eliminating the need to even 
consider closing torque. Any operator can close 
the valve leak-tight every time. 

VAT Vacuum Products Ltd 
Edmund House, Rugby Road, Leamington Spa, 
Warwickshire CV32 6EL, UK 
Tel:+44 (0)1926 452 753 
Fax: +44 (0)1926 452 758 
E-mail: uk@vatvalve.com 
Web: http://www.vatvalve.com 

Janis Research Company Inc 
Jan is of fers A P D c ryogen ics 10 K c ryocoo le rs 
Janis is pleased to announce that the original APD 
cryogenics pneumatically driven, 10 K cryocoolers 
are once again available. These cryocoolers are 
supplied with either Janis cryostats or as "bare" 
systems, and are provided in either the DE-202 or 
DE-204SL configurations. A complete range of 
accessories and ancillary equipment are 
available. 

Janis Research Company Inc, 2 Jewel Drive, 
Wilmington, MA 01887 USA 
Te l :+1978 657 8750 
Fax:+1978 658 0349 
E-mail: sales@janis.com 
Web: www.janis.com 

Photonis 
Photonis, based in Brive, France, a world leader in 
PMT development and manufacture, offers you a 
free copy of trie new edition of our 320-page book 
Photomultiplier Tubes - Principles and 
Applications, The book, which was originally 
published when Photonis traded as a division of 
Philips Photonics, is a popular reference with 
scientists and engineers and is particularly 
suitable as lecture material for introductory 
courses in nuclear-detector technology. For your 
free copy, please contact: 

Carole Marmonier, Photonis, 
BP 520 F-19106, Brive, France 
E-mail: c.marmonier@photonis.com 
See also our updated website www.photonis.com. 

y C - R a y D e t e c t o r 
XR-100CR at 186 F W H M Resolut ion 

No Liquid Nitrogen!!! 

S o l i d S t a t e D e s i g n 

Easy - simple to operate and portable 
Performance - approaching that of Si(Li) detectors 
Affordable - visit www.amptek.com 

A M R T E K 
AMPTEK Inc. 

6 D e A n g e l o D r i v e , B e d f o r d , M A 01730-2204 U S A 
T e l : +1 (781) 275-2242 F a x : +1 (781) 275-3470 

E-mail: sales@amptek.com WWW.amptek.com 

XR100CR X-Ray Detector 
with Power Supply & 
Amplifier 

APPLICATIONS 
N u c l e a r P h y s i c s 
S y n c h r o t o n R a d i a t i o n 
H i g h E n e r g y P h y s i c s 
N e u t r o n E x p e r i m e n t s 
A s t r o p h y s i c s 
R e s e a r c h & T e a c h i n g 
N u c l e a r M e d i c i n e 
X - R a y F l u o r e s c e n c e 

XR100CR fitted for vacuum 

applications 
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VIEWPOINT 

From research at CERN to working in space 
European Space Agency astronaut Christer Fuglesang explains how his 
training in particle physics at CERN prepared him for a career in space. 

In J u n e 1990, whi le I w a s a Fel low at C E R N in 
exper imenta l particle phys ics , a fr iend told m e 
that the European S p a c e A g e n c y ( E S A ) w a s 
recruit ing new ast ronauts. A l though I loved 
(and still l ove ! ) the phys ics research work I 
w a s doing, and being at C E R N in part icular, I 
had a lways d reamed of go ing into space one 
day. It did not take me long to dec ide that at 
the very least I shou ld inquire further, though I 
w a s concerned that m y background w a s quite 
unlike the kind of research that is typical ly 
per formed dur ing m a n n e d space f l ights. I 
d iscussed this with the Swed ish S p a c e Board 
before asking them to send m e the appl ica
t ion papers (a dense ly wri t ten 16 page f o rm) , 
but they conf i rmed that I w a s the kind of 
person that could be of interest to E S A . 

T h e select ion process for jus t six new E S A 
ast ronauts took a lmost two yea rs . Initially, 
each E S A m e m b e r state se lec ted up to f ive 
cand idates , and then ESA chose f rom the 60 
pilots, eng ineers , medica l doctors , physic ists 
and other scient ists w h o s e n a m e s we re put 
fo rward . T h e select ion process invo lved ex ten
s ive medical screening, as wel l as severa l 
interv iews. My C E R N background w a s invalu
able - though it is not space sc ience per se , 
particle phys ics is c losely related to astro
phys ics and cosmo logy , and a lso to radiat ion, 
wh ich is a problem for h u m a n s and techno logy 
in space . My hands-on exper ience with exper i 
menta l hardware w a s usefu l , but even more 
important, I bel ieve, w a s m y exper ience of 
work ing in a highly internat ional env i ronment , 
and the language skills I had ga ined there . 

Dur ing one interview, a m e m b e r of the 
select ion panel remarked that a l though I had 
a fairly long publ icat ion list, he had not iced 
that the publ icat ions had up to 100 n a m e s on 
t h e m . H o w could he be sure of m y contr ibu
t ion? I had to explain how part icle phys ics 
exper iments are general ly per formed by large 

col laborat ions f rom m a n y countr ies. Th is is 
increasingly t rue today , with as m a n y as a 
thousand col laborators being invo lved in a 
single exper iment . Fortunately, I w a s able 
to point out one or two papers that I had 
p roduced mysel f . 

It shou ld be noted that ast ronauts rarely 
per form their own exper iments in s p a c e , and 
therefore a broad background is important. 
T h e except ion is w h e n so-cal led "pay load 
specia l is ts" fly on ded icated sc ience mis
s ions , hav ing been selected because of their 
expert ise in a part icular scientif ic f ie ld. A 
miss ion c rew has to deal with technical ly 
a d v a n c e d equ ipment on a dai ly basis, and 
must be able to operate var ious exper iments 
as wel l as spacecraf t sys tems . Hav ing worked 
with particle phys ics exper iments that 
d e m a n d high techno logy in m a n y f ields, I had 
a l ready been exposed to severa l a reas that 
one encounte rs in space activit ies. 

As t ronauts are a m o n g the pr ime c o m m u n i 
cators for the space p rog ramme - one could 
say they are " space ambassado rs " . My sc ien
tific background has been ext remely useful to 

m e dur ing m a n y talks and presentat ions - in 
part icular dur ing the quest ion-and-answer 
sess ions that of ten ensue . 

T h e Internat ional Space Stat ion ( ISS) is 
certainly "big sc ience" , ve ry much as C E R N is. 
I recognize m a n y similarit ies, a l though the ISS 
is more pol i t ic ized. The re are often compla in ts 
that ISS sc ience is too expens ive , and that the 
m o n e y could be better spent e lsewhere . Th i s 
is a misunders tand ing of the real goals of the 
ISS, wh ich are to learn how to build and live in 
s p a c e , and to prepare for future space deve l 
opmen ts . In s o m e w a y s , it is like the basic 
sc ience carr ied out at C E R N - w e do it out of 
curiosity, and w e do not know wha t the e v e n 
tual ou t come will be. However , w e are 
conv inced that one day w e will ach ieve results 
that will be of great benefi t for all humank ind . 
In the mean t ime , w e take this great oppor tu
nity to carry out exper iments in a unique 
env i ronment , and to learn as much as poss i 
ble about it, in part icular how h u m a n s react to 
long per iods in space . 

I have a lways tr ied to comb ine m y interest 
in particle phys ics with being an astronaut . I 
w a s d reaming of hav ing m y own exper iment to 
work on in s p a c e , w h e n I heard about the light 
f lashes in the e y e s that most ast ronauts expe
r ience in space . It w a s clear that these are 
f rom part icles that penetrate the eyes , but 
until then no-one had put an act ive detector in 
s p a c e , in f ront of the eyes , in an effort to 
correlate part ic les and light f lashes. Th is 
eventua l ly led to the I ta l ian-Russian-Swedish 
S i lEye project, based on si l icon strip detec
tors. T h e col laborat ion f lew two detectors to 
the Russ ian s p a c e stat ion Mir, and now also 
has one on the ISS. I hope to get a chance to 
use it in the s u m m e r of 2 0 0 3 , w h e n I a m 
final ly schedu led to fly on the space shutt le 
and s p e n d a w e e k on the ISS. 
Christer Fuglesang, ESA. 
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Mega Waveguide Loads 
MEGA GIVES Y O U MORE HIGH POWER LOAD CHOICES WITH 

WAVEGUIDE WATER LOADS, PLUS AIR-COOLED & WATER-COOLED LOADS 

V r c a i i m e g a i o a a y ; 
For Mega savings, versatility, and performance, 
make a call to Mega today! 
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CALL MEGA TODAY! 207-854-1700 
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quality waveguide components, call Mega today! 
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The Vacuum Components Company™ 

Get your membership card to the 
latest fully priced catalogue of 
vacuum electrical 
feedthroughs ^ ^ ^ ^ ^ ^ ^ 
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