
MOONSHADOW 
CERN experiment sees cosmic-ray 
shadow of the Moon p5 

MICROWAVE BACKGROUND 
Cosmic background imager supports 
spatially flat universe p l l 

B PHYSICS 
Bottom quark physics reaches 
quarter century p 13 
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Accelerator neutrino physics enjoys a boon 
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CCD X -Ray Detectors 
Fastest largest CCD detector system available today!! 

Now delivering in 14-16 weeks upon receipt of order, 
Quantum 210 

Detector Type: 

Number of Pixels: 

Pixel S ize at Detector Surfaces; 
i l ^ * * S - * N * N ^ 1 

Phospher (optimized): 

Spatial Resolution FWHM: 

Taper Ratio: 

Optical Coupling (CCD to Taper): 

C C D Type: 

C C D Pixel S ize : 

Operat ing Temperature: 

Cool ing Type: 

D a r k Current: 

Controller Electronics: 

Readout Times (Full Resolution): 
(2x2 binned): 

Read Noise (Pixel Rate): 

Full Well Depth (Full Resolution): 

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

6144x 6144; 37.75million 

5 1 x 5 1 microns 

1 X-ray Angstrom 

90 microns; 1.76 pixels 

*5%4*2l 

Direct bond 

Thomson THX 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 

Ar ray (2x2); A#tive area: 210mm x 210mm 

4096 x 4096; 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 
Optional Accessory 

Beam Height: 
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 

Two-Theta A x i s : 
Orientation: horizontal 
Maximum slew rate: 100 degrees/minute 
Angular accuracy: 0.005 degree 
Accessible range: 0 to 45.0 degrees 

Shutter Assembly : 
Reproducibility: 200 \i sec 
Latency: 10 milliseconds. 

Sample V iewing System: 
High-sensitivity C C D camera with 7:1 zoor 

Beam Stop: 
Mounted on x y z alignment device 
Diameter: 1-3 mm 

Motorized Detector Mount: 
Maximum slew speed: 300 mm/minute 
Position accuracy: 0.1 mm 
Minimum distance: 50 mm 
Maximum distance: 800 mm 

Opt ional : 
Light curtain accessory 
Motorized x y z goniometer head 
Beam alignment device 
Kappa/ph i axes 
Microkappa 
Six axis alignment table. 

a r e a d e t e c t o r s y s t e m s c o r p o r a t i o n 
S a l e s : v o i c e : ( 8 5 8 ) 4 8 B - Q 6 1 8 
e m a i l : s a l e s @ a d s c - x r a y . c o m 

1 2 5 5 0 S t o w e D r i v e 
P o w a y , Ca l i fo rn ia 9 2 0 6 4 U S A 
v o i c e : ( 8 5 8 ) 4 8 6 - 0 4 4 4 
fax: ( 8 5 8 ) 4 8 6 - 0 7 2 2 
w e b s i t e : w w w . a d s c - x r a y . c o m 

mailto:sales@adsc-xray.com
http://www.adsc-xray.com
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Look into the future with VISyN™ 
I n s t r u m e n t a t i o n for the u n i v e r s e of H .E .P . e x p e r i m e n t s 
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N E U T R I N O S 

MiniBooNE detector is complete 
The MiniBooNE exper iment at the US Fermilab 

achieved two major mi lestones recently, as the 

tank was filled with the last drops of mineral 

oil and the first trickle of beam was del ivered 

to the temporary absorber .The Min iBooNE 

exper iment is designed to be a definit ive 

investigation of the Los A lamos LSND exper i 

ment 's ev idence for ant i -muon-neutr ino to 

ant i-electron-neutr ino osci l lat ions, which is 

the first accelerator-based ev idence for 

osci l lat ions.The detector consists of a 12 m 

diameter spherical tank covered on the inside 

by 1280 phototubes (each 20 cm in d iame

ter) in the detector region and by 240 

phototubes in the veto reg ion.The tank is 

filled with 800 tonnes of pure mineral oil, 

giving a fiducial vo lume mass of 440 tonnes. 

The detector is located 500 m downst ream of 

a new neutrino source that is fed by Fermilab's 

8 GeV proton Booster. A 50 m decay pipe 

fol lowing the beryl l ium target and magnet ic 

A view inside the MiniBooNE tank before it 

was sealed and filled with oil. 

focusing horn allows secondary pions to 

decay into muon-neutr inos with an average 

energy of about 1 GeV. By switching the horn 

polarity, a predominately ant i -muon-neutr ino 

beam can be produced. An intermediate 

absorber can be moved into and out of the 

beam at a distance of 25 m, al lowing a sys 

temat ic check of the neutrino backgrounds. 

The Min iBooNE detector oil fill f inished on 

3 May, and the detector is now complete and 

taking data with cosmic rays and laser cali

bration f lasks .The beamline commiss ion ing is 

under way, with the first beam del ivered to the 

temporary absorber ; data-taking with neutri

nos will begin this summer after the magnet ic 

focusing horn is installed and the neutrino 

beaml ine is comple ted. With 5 x 1 0 2 0 protons 

on target (about a year at design intensity), 

Min iBooNE will be able to cover the entire 

LSND al lowed region with high sensit ivity 

(>5 s igma) . If the LSND oscil lation signal is 

veri f ied, then a second detector (BooNE) will 

be proposed to be built at the appropriate 

distance f rom the neutrino source, which 

will allow a precision measurement of the 

oscil lation parameters and a search for CP 

and CPT violat ion. 

C O S M I C R A Y S 

Cosmic-ray apparatus images Moon's shadow 
A rlorlioatûrl n n c m i r . r a u o v n o r i m o n t mal / inr i A -,r- _ _ „ A dedicated cosmic-ray exper iment making 

use of the muon identification sys tem of 

CERN's L3 exper iment col lected around 

12 x 10 9 cosmic ray muons between April 

1999 until L3 f inished taking data in 2000. 

The goal of the so-cal led L3 plus cosmics 

(L3+C) exper iment is to study the cosmic 

muon spect rum precisely over the range 

20 -2000 G e V / c , al lowing for normal izat ion 

of the calculated muon-neutr ino spec t rum. 

Other topics under analysis by the exper iment 

include the search for point-source burst 

s ignals, exotic events and studies of the 

composi t ion of very-h igh-energy pr imary 

cosmic rays around 10 1 5 eV, made possible 

by coupl ing the L3+C apparatus to a surface 

scintil lator array. 

Also interesting is the ability of the appara

tus to image the shadow of the Moon. 

High-energy muons indicate the direction of 

the pr imary cosmic-ray particle. Since the 

Moon can absorb primaries - usually protons 

- on their way to Earth, the L3+C apparatus 

saw fewer muons originating f rom that direc

tion and so observed a shadow. Moreover, 

- 3 - 2 - 1 0 1 2 3 
paral le l to def lec t ion (°) 

s ign i f i cance for 6 5 - 1 0 0 G e V / c m u o n s 

- 3 - 2 - 1 0 1 2 3 
para l le l to de f lec t ion (°) 

s ign i f i cance for m u o n s wi th m o r e t h a n 100 G e V / c 

The deficit of primary cosmic rays is clear in these pictures, covering two muon energy 

ranges. In each, a circle indicates the real position of the Moon. The axes correspond to the 

parallel and perpendicular directions of the deflection in degrees. The Moon's shadow is 

displaced more in the sample corresponding to the lower-energy cosmic rays (left). 

since the Earth's magnet ic field deviates the 

course of charged primaries, positive particles 

are shifted eastwards and the corresponding 

shadow is shifted to the west. The extent of the 

shift and the shape of the shadow depend on 

the m o m e n t u m of the pr imary and the size 

and the direction of the field along its path. 

Ant iprotons, if any, would be deviated in the 

opposi te direct ion, giving rise to an "ant i-

shadow" . No such feature is seen . Work is 

cont inuing to s e t a limit to the antiproton to 

proton ratio in an energy range around I T e V , 

well above the present range of direct mea

surements , which extend up to 50 GeV. 
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A S T R O P A R T I C L E P H Y S I C S 

Europe coordinates astroparticle research 
European astroparticle physics 
received a boost last year with the 
format ion of the Astropart icle Physics 
European Coordinat ion ( A P P E C ) , 
establ ished in an agreement s igned 
by funding agencies f rom France, 
Germany, Italy, the Nether lands and 
the UK. Astropart icle physics - which 
covers topics as diverse as cosmic 
rays, dark matter and gravitational 
radiation - falls between more tradi
t ional areas such as particle physics, 
nuclear physics and astronomy, and 
so can lose funding opportunit ies. 
A lso, different countr ies have different ways of 
defining astroparticle physics. A P P E C has 
been set up to promote co-operat ion within 
Europe's growing astropart icle physics c o m 
munity, and to develop long-term strategies at 
the European level, in particular for funding. 

APPEC 's activities are organized through 
two main commit tees: a steering commit tee, 
current ly led by Jean-Jacques Auber t of the 
French C N R S ; and a peer-review commit tee, 
chaired by Ricardo Barbieri of the Scuola 
Normale Superior in P isa .The steering c o m -

Italy's Gran Sasso laboratory - the site of a diverse range of 
experiments In astroparticle physics. (Oxford University PPU.) 

mittee, which meets twice a year and includes 
representat ives f rom the initial partners, has 
already met in Berlin and London. One impor
tant action has been to begin work on a bid to 
the EU 6th Framework for up to € 2 0 million 
for an Integrated Initiative Infrastructure (13). 
The commit tee also seeks to widen APPEC 's 
membersh ip - Spa in , for example, is jo ining, 
and other countr ies have been approached . 

The peer-review commit tee, which also 
meets twice a year, a ims to assess.exist ing 
programmes in different areas of astropart icle 

physics, and to encourage future 
co l laborat ion.The commit tee has 
already met twice, to review exper i 
ments in double beta decay and in 
dark matter. Its next meet ing, in 
J a n u a r y 2003 , will consider high-
energy neutr ino exper iments. 

David Wark f rom Sussex and RAL, 
who is one of the members of the 
steering commit tee, sa id: "I believe 
this is a posit ive step for astropart icle 
physics, as it can help bring some of 
the rigour, co-operat ion and interna
tional clout to astropart icle physics 

that organizat ions like CERN and DESY bring 
to accelerator physics. It will also help to get 
astropart icle physics projects judged using 
similar criteria in all the countr ies f rom which 
they require support." 

As ide f rom its commit tee meet ings, A P P E C 
will keep in touch with European astropart icle 
physicists throughout the year with an elec
tronic newsletter and a websi te, to be 
launched later this year. In the meant ime, to 
register interest in receiving the newsletter, 
please email sacquin@dapnia.cea. f r . 

D O U B L E C H A R M 

Fermilab experiment hints at double charm 
T h e SELEX exper iment at Fermilab 
has announced three candidates for 
doubly charmed baryons. In a pre
sentat ion at the US laboratory at the 
end of May, col laboration co-
spokesman J im Russ of Carnegie 
Mellon University descr ibed the 
painstaking analysis of data recorded 
in 600 GeV proton, pion and s igma 
hyperon coll isions with a d iamond 
target in 1996.The observat ion 
comes as a surprise to the col labora
t ion, which did not expect to see 
doubly charmed baryons at all, and 
there remain uncertaint ies over the 
conclusion to be d rawn .The SELEX 
candidates have the right character
istics to be u p - c h a r m - c h a r m and 
d o w n - c h a r m - c h a r m combinat ions, but the 
mass difference between the two states is 
larger than expected. Like the proton and 

b a r y o n s w i th lowest sp in (J = 1 / 2 ) 

S E L E X c a n d i d a t e s 

not yet 
o b s e r v e d 

t w o c h a r m q u a r k s 

o n e c h a r m qua rk 

no c h a r m qua rk 

Two of the SELEX candidates have spin 1/2 and fit the 
description of singly and doubly charged S particles. Their 
mass difference, however, is larger than expected. 

neutron, the candidate particle pair is related 
by the replacement of an up by a down quark, 
so the mass dif ference was naively expected 

to be similar. SELEX, however, sees a 
mass difference 60 t imes larger. 

The col laborat ion chose to make 
its announcemen t in the hope that 
doing so would spur the broader 
communi ty to take up the search . In 
particular, data f rom the BaBar and 
Belle col laborat ions at the SLAC and 
KEK B-factories in the US and Japan 
would be good places to look for 
doubly charmed baryons. 

Multiply charmed baryons are a 
natural consequence of the quark 
model of hadrons, and it would be 
surprising if they did not exist. 
Whether or not the h igh-mass states 
that SELEX reports turn out to be the 
first observat ion of doubly charmed 

baryons, studying their propert ies is important 
for a full understanding of the strong interac
tion between quarks. 
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S P I N P H Y S I C S 

RIKEN and Brookhaven renew their vows 
At a ceremony marking the beginning of spin 
physics at Brookhaven National Laboratory 's 
Relativistic Heavy Ion Coll ider (RHIC; CERN 
Courier April p8 ) , t he US laboratory renewed 
its col laboration agreement with Japan 's 
Institute of Physical and Chemical Research 

(R IKEN) for a further 5 years. Initially estab
lished in 1995, the R I K E N - B N L agreement 
has been instrumental in establ ishing the 
spin-physics programme at RHIC, and led to 
the establ ishment of the R I K E N - B N L Research 
Center ( R B R C ) in 1997. 

A S Y M M E T R I E S 

New dipole moment 
centre inaugurated 

Research fellow Jonathan Hudson is seen 
here at work at the University of Sussex's 
new Centre for the Measurement of Particle 
Electric Dipole moments. 

A new laboratory inaugurated in May at the 
University of Sussex, UK, a ims to shed light on 
matter-ant imat ter asymmet ry by measur ing 
the electric dipole moment of the neutron. The 
new Centre for the Measurement of Particle 
Electric Dipole Moments has been created 
thanks to a £1.7 million ( € 2 . 6 mill ion) award 
f rom the UK's Joint Infrastructure Fund. 

RIKEN president Shun-ichi Kobayashi (seated left) and Brookhaven interim director Peter 
Paul sign the extension to the RIKEN-BNL agreement. Present at the ceremony were (left 
to right): Akito Arima of the Japanese House of Councillors; RBRC deputy director Nicolas 
Samios and director T D Lee; Isao Tanihata of RIKEN; Atsuko Toyama, Japanese minister of 
education, culture, sports, science and technology (MEXT); Thomas Kirk of Brookhaven; 
Peter Rosen of the US Department of Energy (DOE); presidential science adviser John 
Marburger; Tsutomu Imamura and Masaru Osanai of MEXT; Satoshi Ozaki of Brookhaven; 
and Denis Kovarofthe DOE. (Brookhaven National Laboratory.) 

S Y N C H R O T R O N L I G H T 

Daresbury's proposed 4G light source moves forward 
Following extensive peer review, the four th-
generat ion light source ( 4 G L S ) proposed for 
the Daresbury laboratory, UK, has been given 
the green light to proceed to the next stage of 
planning. In a further deve lopment , the US 
Jefferson Laboratory (JLab) has shown its 
suppor t for the project by making available key 
equ ipment and technical advice on basic 
concepts and techniques p ioneered at JLab . 

The 4GLS team will now prepare a detai led 
business case and undertake initial design 
and feasibil ity studies a imed at full exploi ta
t ion of the energy recovery linac and 

This wiggler array from J Lab's 
demonstration FEL is to be sent to the 
Daresbury laboratory in the UK as part of a 
fourth-generation light source test facility. 

f ree-electron laser (FEL) technical capabil i t ies 
central to the 4GLS project. 

These are both techniques in which JLab 
has considerable expert ise, making an inter
national col laborat ion a logical step forward. 
A wiggler magnet array f rom JLab will form the 
central part of a test facility that will be estab
lished at Daresbury during the initial phase of 
the project, and will be the first FEL facility to 
be establ ished at a UK national laboratory. A 
formal agreement between the two laborato
ries lays the ground for future scientific and 
technical exchanges. 
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S U M M E R S T U D E N T S 

CERN's summer student programme turns 40 
It was in 1962, when Victor Weisskopf was 
CERN director-general, that the laboratory 's 
s u m m e r student programme began. CERN's 
administrat ive serv ices division introduced 
the scheme as an offshoot of the fel lows and 
visitors p rogramme.The idea was to awaken 
the interest of undergraduates in CERN's 
activit ies by offering them the chance of 
hands-on exper ience during their long s u m 
mer vacat ion. Member-state delegat ions were 
asked to sound out potentially interested 
institutions in their home countr ies, and work 
began at CERN to identify activit ies for the 
incoming s tudents .The idea met with s o m e 
scept ic ism at first about the usefulness of 
inexper ienced youngsters joining exper iments 
for just a few weeks, but enough places were 
found for the scheme to begin. S o m e 500 
appl icat ions were received in the first year, 
and 70 students were se lected. 

Appl icants were sorted according to their 
declared interests, and CERN team leaders 
made their select ions on the basis of recom
mendat ions from the students ' home 
inst i tutes.Those selected came to CERN for 
6-8 weeks, with travel and a daily st ipend 
paid. Geneva University offered to house 
some of them in its student accommoda t ion , 
while others were housed in the laboratory 's 
temporary barracks, which finally c losed for 
business in the mid-1990s. 

Many of the newcomers worked hard during 
their stay, covering for holiday absences . 
Others, however, found themselves with t ime 
on their hands. Because of this, the s u m m e r 
students ' lecture programme was s tar ted.Th is 
soon developed into a major activity, with 
physicists of Weisskopf 's calibre regularly 
giving lectures.Today, it is not unusual to see 
more exper ienced physicists sitting next to 
their undergraduate counterparts in the labo-

CERN's 2001 summer students take in a lecture from Ronald Kleiss. 

ratory's audi tor ium, brushing up on the basics. 
For many alumni of the summer student 

programme, their stay at CERN was the first 
step on the ladder of a successful career in 
physics. David Plane, for example, was a 
summer student in the first year of the pro
g ramme, and went on to become spokesman 
of the OPAL col laboration that studied colli
s ions in CERN's electron-posi t ron collider, 
LER Dist inguished Norwegian physicist Egil 
Lillest0l is another who can trace his career 
back to the programme. 

Over the years, the summer student pro
g ramme has f lour ished. In 2002, some 150 
students are expected at the laboratory, and 

member-s ta te students will be jo ined by 
col leagues from the US and Israel, funded by 
their home countr ies. In 1998, the programme 
was jo ined by a parallel initiative for high-
school teachers, shar ing the same lecture 
programme and bringing teachers together to 
work with physicists, exchanging ideas and 
developing new teaching materials. 
Information about these programmes is avail
able at h t t p : / / human resou rces .web . ce rn . ch / 
for the s u m m e r students programme and 
h t t p : / / t eache rs .web .ce rn . ch / for the teachers 
p rog ramme.The students ' v iew can be found 
at h t t p : / / summers tuden ts .web .ce rn . ch / 
summers tuden t s / . 

cerncourier.com 
Explore Absorb Link Digest Browse Search Bookmark Discover 
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L A T I N A M E R I C A 

Latin American physics centre 
celebrates 40th anniversary 

NEW 
Model 332 
Temperature 
Controller 

José Leite Lopes, one of the founders ofCLAF, between former directors Roberto Bastos da 
Costa (left) and Carlos Aragâo de Carvalho at the centre's 40th birthday celebrations. 

The Rio de Jane i ro-based Centra 
Lat inoamericano de Fisica (CLAF) celebrated 
its 40th anniversary on 26 March. Founded 
under the auspices of U N E S C O fol lowing the 
CERN model , CLAF was establ ished to promote 
research in physics and provide postgraduate 
training to young physicists in the reg ion.The 
physicists Juan José Giambiagi of Argent ina, 
José Leite Lopes of Brazil and Marcos 
Moshinsky of Mexico were instrumental in its 
creat ion.Today, CLAF has 13 member states. 

The celebrat ions took the form of a week-
long international meet ing in Rio that focused 
on CLAF's international col laborat ions and 
looked at the long-term future of the centre. 
Speakers included Faheem Hussain of the 
International Centre forTheoret ica l Physics in 
Trieste, Italy, which has been involved in a 
programme of joint PhD work with Latin 
Amer ican institutions since 1997. Vladimir 
Kadyshevsky, director of the Dubna-based 
Joint Institute for Nuclear Research , and Pavel 
Bogoliubov, who is responsible for the insti
tute's international relations, spoke of a 
4-year-old programme to train Latin Amer ican 
graduate students in Russia, and of the 
25 MeV microtron built at Dubna to form the 
basis of a proposed regional laboratory in 
Havana, Cuba. CERN's Juan Antonio Rubio, 
who is responsible for the laboratory 's educa
tion and technology transfer activity as well as 
links with Latin Amer ica , spoke of the agree

ment s igned in 2001 between CERN and CLAF 
to organize a joint biennial school in Latin 
Amer ica . Staying with educat ion, Ramon 
Pascual , former rector of the Universidad 
Autonoma in Barcelona, s igned an agreement 
at the meet ing allowing Latin Amer ican s tu
dents to take part in the European Joint 
Universit ies Accelerator School . 

Research was discussed by Ana Maria 
Cetto, coordinator of the Latin Amer ican 
Scientif ic Networks, who spoke of a project to 
foster greater Latin Amer ican use of observa 
tories in Chile and the possibility of extending 
the facilities at Mount Chacaltaya in Bolivia. 

Looking to the future, CLAF suppor t for the 
second C E R N - C L A F school to be held in 
Mexico in 2003 was conf i rmed at the meet
ing, and CLAF announced the creation of a 
biennial school in medical physics and s y n 
chrotron radiat ion.The centre is also 
promoting improvements in postgraduate 
educat ion through the ICTP programme and 
by coordinat ing a regional Masters degree 
programme. In research, CLAF will assume a 
stronger role in coordinat ing Latin Amer ican 
efforts in medical physics, condensed-mat ter 
physics and optics. It will also examine the 
possibility of building a proton accelerator for 
cancer t rea tment .The meeting conc luded with 
a request to the governments of Latin Amer ica 
to increase their percentage of GDP spending 
on sc ience and technology. 

The new Model 332 
Temperature Controller 
offers advanced features for 
temperature measurement 
and control down to IK. 

• Two control loops: 
50 W and 10 W 

• Scalable excitation current 
for optimal NTC RTD 
performance 

• Current reversal for 
resistance temperature 
sensors 

• Supports diode, RTD, and 
thermocouple sensor 

LakeShore 
L a k e S h o r e C r y o t r o n k s , I n c . 
5 7 5 M c C o r k l e B o u l e v a r d 
W e s t e r v i l l e , O H 4 3 0 8 2 - 8 8 8 8 
T o l l f r e e 1 - 8 0 0 - 3 9 4 - 2 2 4 3 
T e l e p h o n e 6 1 4 - 8 9 1 - 2 2 4 4 
m a r k e t i n g @ l a k e s h o r e . c o m 
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PHYSICSWATCH 
E d i t e d b y A r c h a n a S h a r m a 

Nanotube transistors pave the way 
for future nanocomputer design 
Nanotube transistors are valuable for 
future nanocomputer des ign .They 
exploit the fact that carbon nanotubes 
are ready-made wires that can c o n 
duct, semiconduct or insulate. In the 
latest development f rom IBM, nanotube 
transistor architecture has been recon
f igured such that nanotubes acting as 
the conduct ing channel between the 
transistor source and drain are not 
exposed to air ( top-gate conf igurat ion), 
and so that neighbouring transistors 
can be addressed individually. 

By exper iment ing with different 
device structures, researchers have 
been able to achieve the highest 

n a n o t u b e 

s i l icon 
d iox ide 

s i l icon 
w a f e r 

ga te ox ide 

IBM's carbon nanotube field effect transistor. 

t ransconductance (a measure of the 
current-carry ing capabi l i ty) of any 
carbon nanotube transistor to date. 
High t ransconductance means that 
transistors can run faster, leading to 
more powerful integrated circuits. 
Fur thermore, the researchers discov
ered that tlte carbon nanotube 
transistors produced more than twice 
the t ransconductance per unit width 
of top-per forming sil icon transistor 
prototypes. AIP 

F u r t h e r r e a d i n g 
S J Wind et al. 2002 Appl. Phys. Lett 
8 0 3817. 

Speed of light passes updated 
test with flying colours 
Researchers in Germany have devised a state-
of-the-art version of the classic 19th-century 
Michelson-Mor ley exper iment, which first 
establ ished that the speed of light is the same 
in every direction. 

Certain versions of string theory suggest 
that special relativity may not hold exactly, 
and that violat ions might reveal themse lves in 
high-precision measurements . But in this new 
vers ion of the Michelson-Mor ley exper iment, 
special relativity passes the high-precision 
test with flying colours - the speed of light 
does not depend on its direction of propaga
tion to within 1.7 parts in 10 1 5 , an accuracy 
about three t imes better than previously mea 
sured . In their exper iment, the German team 
used two optical cavities each consist ing of 

two mirrors held at a constant d is tance.The 
t ime taken for a light beam to make a round 
trip between the mirrors gives a direct mea 
sure of the speed of light perpendicular to the 
mirror su r faces .The cavities were oriented in 
different direct ions, and by rotating the set-up 
the team measured light speed in several 
directions. Potential sources of error due to 
variat ions in cavity length caused by tempera 
ture effects and material aging were avoided 
by using cavit ies made from an ultra-pure 
sapphire crysta l , which is virtually imperv ious 
to aging, and operat ing it at liquid hel ium 
temperature. With the exper iment still under 
way, the researchers hope to obtain another 
threefold improvement after collecting 
sufficient data. AIP 

New laser improves 
medical imaging 
Scientists f rom Italy and the UK have produced 
a low-power, compac t sol id-state terahertz 
laser that is set to advance medical imaging. 
Based on layers of the same semiconductors 
used in convent ional visible and infrared lasers 
- gall ium arsenide ( G a A s ) and aluminium 
gallium arsenide (AIGaAs) - the prototype gives 
better soft t issue resolution than ul t rasound. 

Semiconduc tor lasers produce light when 
electrons move between energy levels in the 
semiconductor . Usually, these levels are sepa 
rated by the appropr iate amount to produce 
visible or infrared l ight.The new laser produces 
terahertz radiation by using both GaAs and 
AIGaAs to produce closer energy levels. 

F u r t h e r r e a d i n g 
R Kôhler et al. 2002 Nature 417 156-159. 

NJ^HT VACUUM VALVES 
New 2004 catalogue available: www.vatvalve.com 

10 C E R N C o u r i e r July/August 2002 

http://www.vatvalve.com


ASTROWATCH 
E d i t e d b y E m m a S a n d e r s 

Cosmic Background Imager 
confirms flat universe observations 

—J 
_ • 1 

1 ^ mm 2 5 0 0 3 0 0 0 

Left:CBI's 13 radio antennas. Right: the CBI power spectrum (with error bars in blue and green) compared with results from other 
experiments. (CBI/Caltech/NSF.) 

The first results from the Cosmic Background 
Imager (CBI) were released in May. Obser
vat ions of the microwave background are the 
closest ast ronomers can get to the Big Bang, 
and f luctuations in this radiation are ev idence 
for the first c lumping of matter particles. 
Measurements of the angular power spect rum 
give values for several fundamenta l cosmolog-
ical parameters .The first signs are reassuring: 
CBI results agree with other recent observa 
t ions suggest ing a spatial ly flat universe. 

CBI consists of 13 radio antennas operat ing 
at f requencies f rom 26 to 36 GHz. Located in 
the A tacama desert, CBI takes advantage of 
the low humidity at an altitude of 5080 m.The 
variat ions in temperature measured by the 

CBI are as small as 10 mill ionths of a degree. 
CBI shares many design elements with DASI, 

an interferometer at the South Pole probing 
larger angular scales. Other comp lementa ry 
observat ions have been carried out by the 
balloon detectors B O O M E R A N G and MAXIMA 
(CERN Courier September 2000 p l 5 ) . 

The power spect rum of the microwave radi
ation shows f luctuations in temperature due 
to sound waves in the early un iverse .The 
angular spec t rum shows the intensity of these 
oscil lat ions at different wavelengths. Other 
exper iments have already revealed the first 
two or three peaks in the spec t rum. CBI is now 
starting to reveal the higher "over tones" and 
the drop in the spect rum on small angular 

scales. With in errors, the results conf irm the 
picture of a spatial ly flat universe with 
Q = 0.99 ± 0.12, where Q is the ratio of mat
ter in the universe to the critical level needed 
to halt the universe's expans ion. 

CBI can also be used to observe the 
Sunyaev-Ze l 'dov ich scattering of background 
radiation photons by the hot electrons in clus
ters of galaxies. Measurements of this effect 
can be used to study the propert ies of the hot 
cluster gas and the evolution of clusters, and 
to give a measure of the Hubble constant. 

R e f e r e n c e 
J L S i e v e r s e t a / . (submit ted May 2002) 
Astrophys. J. 

k H I T E C Zero-flux™ Measuring Systems 
Power ^ e P r o v e n P e f f ° m e r s 

Protection h t t p : / / w w w . h i t e c s m s . c o m 
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Take Control with 
LabVIEW 6.1 

National Instruments 
LabVIEW 6,1 delivers 
instant Web-based control. 
W i t h L a b V I E W 6.1, control your 
L a b V I E W application over the W e b -
f rom a n y w h e r e in the wor ld -
w i th no programming. L a b V I E W 6.1 
also includes: 
• Wi re less and X M L connect ivi ty 
• N e w event structure for streamlined 

user interface deve lopment 
• 150% performance 

improvement for fast Fourier 
t ransform (FFT) analysis 

• Enhanced measurement analysis 

Add the power of LabVIEW to 
your applications today. 

n i . c o m / i n f o 

View online demonstrations or 
upgrade now - visit ni.com/info 
and enter chlv61. 

£T NATIONAL 
INSTRUMENTS 

056/200 51 51 
Fax: 056/200 51 55 
ni.switzerland@ni.com • ni.com/switzerland 
Corporate Headquarters U.S.A.: 1 800 457 066 

ASTROWATCH 

Picture of the month 

Th is spiral ga laxy appears to be sp inn ing backwards . Mos t spira l ga lax ies have a rms of gas 
and s tars that trail behind as they tu rn . In this case , the outer a rms are " lead ing" - point ing 
in the direct ion of the c lockwise rotat ion of the galaxy. Th is s t range effect probably results 
f rom a past col l is ion wi th another galaxy. ( E S A / N A S A Hubble Space Te lescope . ) 

Going to work at CERN? 
For information, con tac t 
Users.Office@cern.ch 
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B PHYSICS 

The B-ology of physics 
The physics of B particles, containing the fifth (b) quark, is now a major research focus. 

The first such particle was discovered at Fermilab exactly 25 years ago. 

A qua r te r of a c e n t u r y a g o , 
part ic le physic ists were a c c u s 
t o m e d to mak ing a ma jo r d is
c o v e r y more or less eve ry year. 
S o m e of the g rea tes t d r a m a 
w a s p rov ided by t he h igh ly 
u n e x p e c t e d a n n o u n c e m e n t of 
the J / p s i part icle in 1974 - the 
" N o v e m b e r R e v o l u t i o n " . A f te r 
t he initial a m a z e m e n t had 
d ied d o w n , phys ic is ts lea rned 
tha t nature con ta ined a four th 
" c h a r m " qua rk tha t a u g 
m e n t e d the t rad i t iona l u p -
d o w n - s t r a n g e triplet. 

However , even be fo re th is 
d i scove ry , Mako to K o b a y a s h i 
a n d Tosh ih i de M a s k a w a h a d 
po in ted out tha t m o r e t h a n 
fou r qua rks w e r e poss ib le . To 
exp la in the m y s t e r i o u s v i o l a 
t ion of CP s y m m e t r y , t hey had 
s u g g e s t e d tha t s ix t y p e s of 
q u a r k cou ld be p resen t . A n d 
so it c a m e to be. 

But in 1974, many physicists 
had t rouble digest ing a four th quark , and initially paid little at tent ion 
to a cal l for any mo re . In t he n e w l y - e x t e n d e d fou r -quark p ic ture, the 
c h a r m quark w a s pai red wi th the s t range quark to f o r m a s e c o n d 
doub le t , a heav ier coun te rpa r t of the u p - d o w n pair wh i ch make up 
the p ro tons and neu t rons of s tab le nuc lear m a t t e r . T h e s e two quark 
doub le t s cou ld a lso be assoc ia ted wi th two t h e n - k n o w n electr ical ly 
cha rged weak l y in teract ing par t ic les ( l e p t o n s ) , the m u o n and the 
e lec t ron .The m u o n , being heavy, wen t with the heavier cha rm-s t range 
quark pair, whi le the electron w a s assoc ia ted with the lighter doublet . 

T h e n , in the mid-1970s, a g roup led by Mart in Perl work ing at the 
S P E A R e lec t ron -pos i t ron col l ider at the S tan fo rd L inear Acce le ra to r 
Center ( S L A C ) d iscovered a third electr ical ly charged lepton, the t au , 
wh i ch w a s m u c h heav ie r t h a n t he m u o n . It t ook t ime for t he idea to 
be a c c e p t e d , but a third cha rged lepton cal led for a third doub le t of 
qua rks , mak ing the sex te t s u g g e s t e d by Kobayash i and M a s k a w a . 

Talk of heav ier qua rks b e c a m e c o m m o n p l a c e , and the s h a d o w y 
th i rd doub le t w a s ca l led e i ther " t o p " a n d " b o t t o m " ( re f lec t ing the 
" u p " and " d o w n " of e v e r y d a y q u a r k s ) or " t ru th " and " b e a u t y " by the 

The muon pair spectrometer which discovered the upsilon 
resonances at Fermilab in 1977. (Fermilab Visual Media Services.) 

m o r e roman t i c . ( T h e " t o p " 
label has now ec l ipsed " t ru th" , 
but " b e a u t y " and " b o t t o m " are 
bo th w ide l y u s e d . In e i ther 
c a s e the labe ls of t he th i rd 
t |uark doub le t can be abb rev i 
a ted to " t " a n d " b " . ) 

T h e first a w a r e n e s s that lep
tons cou ld be s e r v e d in differ
ent w a y s had c o m e wi th 
L e d e r m a n , S c h w a r t z a n d 
S te inbe rge r ' s 1962 neu t r ino 
b e a m e x p e r i m e n t at B rook 
haven , wh ich showed that n e u 
t r inos (e lec t r i ca l l y neut ra l 
l ep tons ) c o m e in two k inds -
one assoc ia ted with e lec t rons, 
t he o the r w i th m u o n s . 
( D e s c r i b i n g th is d i s c o v e r y in 
the Ma rch 1963 i ssue of 
Scientific American, L e d e r m a n 
wro te : " T h e s e days , the d iscov
e ry of a new e l e m e n t a r y par t i 
cle is sca rce ly news. . . " ) 

Neu t r i no b e a m s b e c a m e a 
new physics too l , and one idea 

w a s to use t h e m to uncover the W and Z carr ier part ic les of the w e a k 
fo rce , wh ich are a n a l o g o u s to the pho ton carr ier of e lec t romagne t -
i sm . T h e s i gna tu re of a W, the c h a r g e d car r ie r of t he w e a k f o r ce , 
w o u l d t hen be a pair of oppos i t e l y cha rged lep tons (e lec t rons or 
m u o n s ) . Th is sea rch s o o n b y p a s s e d the need for a neutr ino b e a m 
altogether, and focused instead on the product ion of charged lepton 
pairs at high energy. 

T h e u p s i l o n 
T h e W w a s not found v ia this route, but in the late 1960s Lede rman ' s 
t e a m at B rookhaven u n c o v e r e d a b u m p in the s p e c t r u m of m u o n 
pai rs . T h e r e a s o n for th is m y s t e r i o u s ef fect w a s not i m m e d i a t e l y 
clear, but L e d e r m a n ' s cur ios i ty w a s a r o u s e d . Physic is ts had learned 
that cha rged lepton pairs (e i ther m u o n s or e lec t rons ) cou ld be a 
pointer to o ther photon- l i ke par t ic les, c rea ted in the annih i la t ion of 
quarks and an t iquarks d e e p ins ide s u b n u c l e a r p rocesses . 

In th is way, S a m T i n g c o d i s c o v e r e d the J / p s i par t ic le at 
B r o o k h a v e n in 1974. T h i s , w i th a para l le l e x p e r i m e n t by Bur t I> 
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Left: in the 1990s, Cornell's CESR electron-positron collider became a focus for the physics of particles containing the b quark. 
Right: Leon Lederman's insistent study of muon pairs led to the discovery of a fifth kind of quark. (Fermilab Visual Media Services.) 

Richter at S L A C ' s S P E A R r ing, ca ta l ysed the N o v e m b e r revo lu t ion. 
T h e J / p s i is a t ight ly b o u n d c h a r m e d q u a r k - a n t i q u a r k pair. 

Hav ing m issed out on the J / p s i d iscovery , wh i ch e a r n e d a Nobe l 
prize for Richter and T i n g , L e d e r m a n di l igently con t inued his s tudy of 
m u o n pairs, this t ime in a n e w e n e r g y d o m a i n us ing the Fermi lab 
s y n c h r o t r o n . A n initial s igh t ing n e a r 6 G e V t r iggered a d i s c o v e r y 
ac t ion p lan , wi th the G r e e k letter ups i lon be ing rese rved for a pos
s ib le new part ic le. T h i s s ignal w e n t away, but in 1977, m u o n pairs 
b e g a n to a c c u m u l a t e at 9.5 GeV . T h i s t ime it w a s a n e w par t ic le . 

T h e ups i lons (on c lose e x a m i n a t i o n , the re w e r e severa l of t h e m ) 
are b qua rk -an t i qua rk pairs, in t he s a m e w a y that the J / p s i is m a d e 
up of a c h a r m e d quark and ant iquark . Unl ike the J / p s i , t he ups i lon 
w a s not d iscovered v ia the e lec t ron-pos i t ron annihi lat ion route, as in 
1977 no e lec t ron -pos i t ron col l ider had e n o u g h energy. Nea res t in 
e n e r g y w a s the D O R I S m a c h i n e at DESY, H a m b u r g , a n d fo l lowing 
the ups i lon n e w s the D O R I S b e a m e n e r g y w a s t u r b o c h a r g e d in a 
c rash p r o g r a m m e . By the fo l lowing s u m m e r , the P L U T O a n d D A S P 
de tec to rs at D O R I S had s e e n the i r f irst ups i lons . 

T h e l ightest upsi lons are t ightly b o u n d and therefore canno t decay 
into the i r c o m p o n e n t b q u a r k s . T h e nex t co l l ider to ar r ive o n the 
B physics s c e n e w a s Cornel l 's C E S R e lec t ron-pos i t ron coll ider, wh ich 
c a m e into operat ion in 1979, a n d wi th its h igher ene rgy cou ld reveal 
a full array of upsi lon resonances . By the fol lowing year, the C L E O and 
C U S B detectors at C E S R were see ing the first B part ic les (conta in ing 
the b qua rk ) p roduced v ia the decay of the heav ies t ( 4 S ) ups i lon . 

For the next few yea rs , t h e s e de tec to rs , toge ther wi th the A R G U S 
detec tor at D O R I S , we re major players in B phys ics , wh ich w e n t on to 
b e c o m e m a i n s t r e a m s c i e n c e at ma jo r m a c h i n e s all over the wo r l d . 
In a major effort, the spec t roscopy of B part ic les took s h a p e , and the 

Twenty years 
T h e 2 0 t h a n n i v e r s a r y o f B phys i cs in 1997 w a s m a r k e d by a 
s y m p o s i u m at t h e I l l inois Ins t i tu te o f T e c h n o l o g y in C h i c a g o , U S . 
T h e p r o c e e d i n g s of th is m e e t i n g , ed i t ed by Ray B u r n s t e i n , Dan ie l 
K a p l a n a n d H o w a r d R u b i n , a n d p u b l i s h e d in t he American 

pa rame te rs of the b qua rk w e r e d o c u m e n t e d . 
In the 1970s, the e c o n o m i c a l S P E A R e lec t ron -pos i t ron col l ider at 

SLAC showed how effective these mach ines could be. Bigger col l iders 
- P E T R A a n d P E P - we re p r o p o s e d at D E S Y a n d S L A C , respect ively. 
Even bigger w a s the T R I S T A N m a c h i n e at the J a p a n e s e K E K labora 
tory. Unfor tunate ly , t he e n e r g y ranges cove red by t h e s e m a c h i n e s 
were not as rich in d i s c o v e r y potent ia l as S P E A R ' s had b e e n . 

B - f a c t o r i e s 
T h e next chap te r in the B phys ics s a g a is be ing wr i t ten by a pair of 
new high-intensity mach ines which mass -p roduce B part icles - PEP-I I 
at S L A C a n d K E K B at K E K . P r o p o s e d in t h e m i d - 1 9 9 0 s , t h e s e 
mach ines are now mak ing their first prec is ion m e a s u r e m e n t s (CERN 
Courier May p 6 ) , a n d prov ide the right cond i t i ons to exp lore C P v i o 
lation in a new set t ing - B p h y s i c s . T h e w h e e l has t u rned full c ircle -
after prov id ing the first ind icat ion tha t a third genera t ion of qua rks 
ex is ts , C P v io la t ion is now be ing m e a s u r e d us ing t hose quarks . 

Ec l ipsed by the n e w B-factor ies af ter mak ing a d e c a d e of mi le
s tone cont r ibu t ions , no tab ly wi th a l ine of C L E O detec tors , the C E S R 
m a c h i n e at Corne l l s t o p p e d for B phys ics in 2 0 0 1 . T h e phys ics of 
b qua rks is far f r o m be ing fu l ly u n d e r s t o o d , a n d ma jo r mys te r i es 
rema in . For the fu tu re , B phys ics will con t i nue to be a ma jo r f ocus , 
notab ly at Fe rm i lab ' sTeva t ron col l ider a n d wi th the L H C b detec tor at 
C E R N ' s L H C col l ider. ( T h e " t o p " or t qua rk , t he c o m p a n i o n of t he 
b qua rk in the th i rd qua rk doub le t , a n d the heav ies t qua rk of al l , 
w a s d i scove red at Fermi lab in 1995, g iv ing that labora to ry a propr i 
e ta ry interest in t he heav ies t qua rk pa i r . ) 

G o r d o n F r a s e r , CERN. 

Institute of Physics Conference Proceedings Series ( V o l u m e 4 2 4 ) , 
p rov ide a v a l u a b l e po in te r t o ea r l y d e v e l o p m e n t s in B phys i cs . Its 
t i t le - " T w e n t y Beau t i fu l Y e a r s o f B o t t o m P h y s i c s " - unde r l i nes 
t he con t i nu ing c o n f u s i o n a b o u t w h a t t o cal l t h e f i f th ( b ) qua rk . 
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ELECTRON CLOUDS 

CERN workshop 
studies electron clouds 

Clouds of electrons triggered by synchrotron radiation or by seed electrons created 
by ionization of residual gas are likely to set performance limits on high-intensity 

particle storage rings like the forthcoming Large Hadron Collider. A recent 
workshop hosted by CERN examined the phenomenon. 

Some 60 participants from 17 institutes took part in the electron-cloud workshop at CERN in April. 

By replac ing its Large Electron Posi t ron col l ider wi th a p ro ton -p ro ton 
col l ider, C E R N wil l be ab le to gene ra te m u c h h igher e n e r g y col l i 
s ions for phys ic is ts to e x a m i n e . T h e a m o u n t of e n e r g y lost to s y n 
chro t ron radiat ion by par t ic les on c u r v e d pa ths d e c r e a s e s wi th the 
m a s s of the part ic les, and is there fore m u c h less for p ro tons than for 
e lec t rons . Synch ro t ron radiat ion neve r the less p o s e s a p rob lem for 
des igne rs of h igh- in tens i ty p ro ton acce le ra to rs , s ince a l though the 
e n e r g y loss is less, t he n u m b e r of p h o t o n s emi t ted c a n actua l ly be 
h igher and their e n e r g y inc reases wi th the cube of the b e a m energy. 
T h e s e pho tons c a n lead to a n u m b e r of undes i rab le p h e n o m e n a , 
inc lud ing hea t ing a n d gas d e s o r p t i o n f r om the v a c u u m c h a m b e r 
wa l ls . Pe rhaps the mos t diff icult to dea l w i t h , however , is pho toe -
miss ion of e lec t rons f rom the v a c u u m c h a m b e r , wh i ch at 7 T e V in 
the Large Hadron Col l ider ( L H C ) is the dom inan t m e c h a n i s m of e lec
t ron genera t ion a n d can lead to the es tab l i shmen t of an e lect ron 
c loud tha t can c a u s e b e a m deter io ra t ion . 

E lec t ron-c loud p h e n o m e n a have b e e n o b s e r v e d at m a n y a c c e l 
erators a r o u n d the w o r l d , inc lud ing C E R N w h e r e L H C - t y p e b e a m s in 
the pro ton s y n c h r o t r o n a n d s u p e r p ro ton s y n c h r o t r o n ( S P S ) have 
genera ted c louds . In the L H C bend ing arcs at full energy, the p rocess 
beg ins wi th synch ro t ron radiat ion pho tons emi t ted in a nar row band 
str ik ing the ou ts ide wal l of the acce le ra to r ' s v a c u u m chamber . T h e 
majori ty l iberate e lect rons, wh ich are tu rned back by the dipole mag
net ic f ield a n d r e a b s o r b e d . S o m e pho tons , however , are ref lected 
and go on to l iberate e lec t rons f rom the top or bot tom of the v a c u u m 
c h a m b e r . T h e s e e lec t rons are acce le ra ted by the charge of a pass ing 
b u n c h of posi t ive ly cha rged par t ic les and can go on to f ree fu r ther 
low-energy e lec t rons f rom the oppos i te wal l of the chamber . If a suf
f ic ient ly large f ract ion of l ow-ene rgy e lec t rons su rv i ves long e n o u g h , 
success i ve pass ing b u n c h e s lead to a runaway effect known as mu l -
t ipact ing, wh i ch gene ra tes the e lec t ron c l oud . 

A c o p p e r - c o a t e d b e a m s c r e e n wil l be ins ta l led w i th in t he > 
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v a c u u m c h a m b e r of the LHC (CERN Courier J u l y / Augus t 1999 p29 ) . 
Th i s s e r v e s to ca r r y away heat , a n d a lso cont ro ls the e lec t ron c loud 
in the d ipo le m a g n e t s by l imit ing the n u m b e r of ref lected e lec t rons . 
T h e p ressure inc rease c a u s e d by the e lec t ron c l oud , its impac t on 
b e a m d iagnos t i cs a n d , for t he L H C , t he hea t load on t h e b e a m 
s c r e e n a n d cold bore are fu r ther p r ima ry c o n c e r n s . Su r face cond i 
t ion ing by e lect ron b o m b a r d m e n t will rapid ly lower gas desorp t ion 
a n d s e c o n d a r y e lec t ron y ie ld of t he b e a m s c r e e n s u r f a c e . W h e n 
e lec t ron mul t ip l icat ion is suf f ic ient ly r e d u c e d , it will no Jonger c o m 
p e n s a t e for e lec t rons lost b e t w e e n t w o s u c c e s s i v e b u n c h e s , a n d 
the re will be little or no bu i ld -up of the e lec t ron c l o u d . T h i s pr incip le 
has recent ly been d e m o n s t r a t e d at the S P S . 

F u t u r e m a c h i n e s 
T h e C E R N w o r k s h o p brought toge ther s o m e 60 par t ic ipants f rom 17 
ins t i tu tes to d i s c u s s e l e c t r o n - c l o u d s i m u l a t i o n s for p ro ton a n d 
pos i t ron b e a m s . S imu la t i ons for fu ture l inear col l iders a n d in tense 
pro ton dr ivers sugges t tha t in t h e s e m a c h i n e s , e lec t rons in the vac 
u u m c h a m b e r may reach dens i t ies s o m e 10-100 t imes h i g h e r t h a n 
in ex is t ing m a c h i n e s . W o r k s h o p par t ic ipants rev iewed a n u m b e r of 
s imu la t ion c o d e s that have been deve loped us ing di f ferent approx i 
mat ions and including different physics. Key a ims of the meet ing were 
to review current analy t ica l , s imula t ion and model l ing a p p r o a c h e s to 
the e lec t ron-c loud p r o b l e m , d e t e r m i n e the impor tan t ou ts tand ing 

ques t i ons , and deve lop a s t ra tegy for fu ture s tud ies . Repor ts on the 
cur rent s ta tus of expe r imen ta l obse rva t i ons wor ldw ide s e r v e d as a 
mot ivat ion a n d b e n c h m a r k for the s imu la t ion s tud ies . 

Exper imen ta l w o r k car r ied ou t at m a n y di f ferent labora tor ies in 
Eu rope , J a p a n and the US w a s repor ted in the two open ing sess ions 
of t he w o r k s h o p . Resu l t s f r o m l a b o r a t o r y m e a s u r e m e n t s of s e c 
o n d a r y e lec t ron em iss ion a n d e lec t ron e n e r g y spec t ra - an inva lu
able input for t he e lec t ron -c loud mode l l i ng - we re a lso d i s c u s s e d . 
Presen ta t ions on s imu la t ions of e lec t ron -c loud bu i ld -up and a s s o 
c iated b e a m instabi l i t ies inc luded the phys ics mode l s that f o rm the 
bas is of ex ist ing s imu la t ion c o d e s , s imu la t ion resul ts a n d c o m p a r 
isons of s imu la t i ons a n d o b s e r v a t i o n s . Two s e s s i o n s concen t ra ted 
on fu tu re s t ud i es , i nc lud ing p l a s m a phys i cs a p p r o a c h e s , a n d on 
poss ib le r emed ies to e lec t ron -c loud p rob lems . 

S u m m a r i z i n g the w o r k s h o p , We i ren C h o u of Fermi lab h igh l ighted 
the need to s t rengthen internat ional co l laborat ion on e lec t ron-c loud 
effects. A tang ib le result of the w o r k s h o p w a s the es tab l i shment of a 
few key con tac t peop le w h o have ag reed to coord ina te future w o r l d 
w i d e ac t iv i t ies re la ted to l a b o r a t o r y m e a s u r e m e n t s , t heo re t i ca l 
a p p r o a c h e s a n d s i m u l a t i o n - c o d e c o m p a r i s o n s . Deta i ls are ava i l 
ab le at h t t p : / / s l a p . c e r n . c h / c o l l e c t i v e / e c l o u d 0 2 / . 

F r a n c e s c o R u g g i e r o , G i o v a n n i R u m o l o and F r a n k 
Z i m m e r m a n n , CERN. 

lur D-series precision power supplies offer 10 Watts of high 
voltage power in a package just 8 cubic inches and are suitable 
for a wide range of applications and offer many features, such as: 

• Low ripple and noise. 
• Compact size. 
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reliability coupled with cost competitive pricing, j l 
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NUCLEON STRUCTURE 

A recent workshop on the nucléon has pinpointed near to mid-term goals for 
QCD hadron structure physics. Nicola Bianchi and Rainer l a k o b report. 

Left: Enzo De Sanctis and Wolf-Dieter Nowak, co-chairs of the Ferrara workshop's international organizing committee. Right: the 
three leading distributions of quarks within a nucléon. The momentum and helicity distributions are well measured, but fora full 
description of nucléon structure, the still unknown transversity is also required. The green and red arrows indicate nucléon and 
quark spin orientation. 

Explora t ion of the internal s t ruc tu re of the nuc léon has reached a 
n e w s tage . T h e in te rna t iona l c o m m u n i t y of phys ic i s ts s t u d y i n g 
h a d r o n s t ruc tu re w i th e l e c t r o m a g n e t i c p r o b e s has ident i f ied t he 
ma in a ims and goals for t he near a n d m id - te rm fu ture . Th i s w a s the 
conc lus ion of the E u r o p e a n W o r k s h o p on the Q C D St ruc tu re of the 
N u c l é o n ( Q C D - N ' 0 2 ) , w h i c h w a s he ld at t he s p l e n d i d Cas te l lo 
E s t e n s e in Fe r ra ra , Italy, in Apr i l . S o m e 120 theor is ts a n d expe r i 
menta l is ts reached a remarkab le level of a g r e e m e n t on the hot new 
top ics in the f ie ld, and on the a v e n u e s and strategies that need to be 
fo l lowed to unrave l the inner s t ruc tu re of h a d r o n s . T h i s c o n s e n s u s 
has b e e n t rans la ted into t he " D e c l a r a t i o n of F e r r a r a " , w h i c h has 
a l ready been s igned by m a n y sc ient is ts in terested in the future of 
hadron ic phys ics . 

Paola Ferrett i Da lp iaz of Fe r ra ra , Enzo De Sanc t i s of Frascat i a n d 
Wol f -D ie te r N o w a k of D E S Y cha i red the w o r k s h o p , at wh i ch s o m e 
60 p resen ta t i ons f o c u s e d on the i ssues of n e w d is t r ibut ions a n d 

f ragmenta t ion func t ions , genera l ized par ton distr ibut ions and exc lu 
s ive react ions, d i f f ract ion, nuc lear ef fects a n d lattice q u a n t u m ch ro -
m o d y n a m i c s ( Q C D ) . A spec ia l s e s s i o n a n d a pane l d i scuss ion , led 
by Peter Krol l of W u p p e r t a l a n d Dirk R y c k b o s c h , s p o k e s m a n of 
D E S Y ' s H E R M E S e x p e r i m e n t , w a s d e v o t e d to fu tu re faci l i t ies a n d 
m e a s u r e m e n t s . 

H a d r o n i c o r i g i n s 
Severa l s p e a k e r s e m p h a s i z e d the fac t tha t the f u n d a m e n t a l q u e s 
t ion of the or igin of had ron ic mat te r cal ls for a bet ter unde rs tand ing 
of the p h e n o m e n o n of c o n f i n e m e n t in s t rong in teract ions. Af ter al l , 
on ly abou t 2 % of the m a s s of the nuc léon can be ass igned to cur
rent quark m a s s e s , wh ich are expec ted to be exp la ined by the Higgs 
m e c h a n i s m . T h e ma jo r par t of t he m a s s of had rons is likely to or ig
inate f rom m a s s l e s s g l uons - in o ther w o r d s f rom b ind ing ef fects of 
s t rong in teract ions. T h e inner s t ruc tu re of nuc léons , wh ich m a k e D> 
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NUCLEON STRUCTURE 

orb i ta l a n g u l a r 
m o m e n t u m 

t r a n s v e r s e loca l iza t ion 

exc lus i ve 
m e s o n p roduc t i on 

d e e p v i r t u a l / l a r g e t 

Left: generalized parton distributions (GPDs) provide a 
unique framework for describing many different hard 
processes and accessing new*fundamental 
observables such as quark orbital angular momentum. 
Above: a typical GPD model of quark and antiquark 
distributions. (Marc Vanderhaeghen, Mainz.) 

up mos t of the v is ib le mat te r in the un ive rse , as wel l as tha t of o ther 
had rons , is still not unders tood f rom first pr inciples in t e rms of quark 
a n d g luon degrees of f r e e d o m as desc r ibed by the under ly ing q u a n 
t u m f ield theory , Q C D . 

T h e sp in of the nuc léon is a key issue in the invest igat ion of its 
s t ruc tu re . It has been con f i rmed tha t t he nuc leon ' s quark a n d ant i -
qua rk cons t i tuents ca r r y on ly 2 0 - 3 0 % of its longi tud inal s p i n . T h e 
rest is prov ided by the polar izat ion of g luons and by the orbital a n g u 
lar m o m e n t a of quarks and g luons . First ind icat ions on the s ign and 
size of the g luon polar izat ion have been s e e n by the H E R M E S exper
iment , a n d prec is ion m e a s u r e m e n t s are on the w a y f rom C O M P A S S 
at C E R N , and in the U S f rom RHIC-sp in at B rookhaven a n d E-161 at 
S L A C . However , ano ther f undamen ta l p iece of the puzzle is still miss
ing for the full p icture - to c o m p l e t e ou r know ledge of nuc léon sp in 
w e have to cons ide r a s i tuat ion w h e r e the nuc léon sp in is or ien ted 
perpend icu la r l y to the d i rect ion of its m o t i o n . T h e assoc ia ted distr i 
but ion func t ion is d u b b e d " t ransvers i t y " , and has recent ly been the 
sub jec t of ma jor theore t ica l a n d exper imen ta l ef for ts. T h e diff iculty 
wi th measu r i ng t ransvers i ty is re lated to its unusua l sp in p roper ty (it 
is a chiral ly odd func t ion) , wh ich requires the occur rence of a s e c o n d 
ob jec t w i th a s imi lar ly u n u s u a l sp in p rope r t y in an o b s e r v a b l e . It 
c a n be m e a s u r e d by look ing at f ina l -s ta te h a d r o n s in s e m i -
inc lus ive expe r imen ts ( w h e r e par t ic les in the f inal s ta te are s t u d 
ied ) , wh ich involves add i t iona l f r agmen ta t i on func t ions tha t he lp to 
desc r ibe cer ta in sp in - re la ted a s p e c t s of h a d r o n i z a t i o n . T h e s e new 
f r a g m e n t a t i o n f unc t i ons are not on ly i n d i s p e n s a b l e too ls for the 
extract ion of transversi ty, but are a lso of interest in t h e m s e l v e s , s ince 
t hey bear w i tness to how c o n f i n e m e n t c o m e s abou t . T h e use of the 
nuc lear m e d i u m as a " f e r m i o m e t e r " to unde rs tand the sca les and 
the d y n a m i c s of the hadron iza t ion p r o c e s s e s of quarks w a s po in ted 
ou t at t he w o r k s h o p . I n fo rma t i on f r o m the c l ean p r o c e s s of lep-
t o n - n u c l e u s scat ter ing is a lso n e e d e d for a bet ter unde rs tand ing of 
the had ron yie ld and spec t ra p r o d u c e d in h e a v y - i o n reac t ions . 

T h e comp lex i t y of t he task of m a p p i n g t ransvers i ty requ i res the 

interplay of d i f ferent and h ighly c o m p l e m e n t a r y m e a s u r e m e n t s . A 
s t rong c o m b i n e d effort in th is d i rect ion w a s p resen ted as a ma jo r 
part of the p r o g r a m m e of H E R M E S , C O M P A S S , RHIC-sp in and BELLE 
at J a p a n ' s K E K laboratory. 

T r a n s v e r s e l o c a l i z a t i o n 
Physic is ts have real ized in the last f ew years that there is m o r e to 
learn abou t nuc léon st ructure f rom exc lus ive reac t ions .The advent of 
new f u n d a m e n t a l a n d concep tua l i deas , the so-ca l led genera l i zed 
par ton distr ibut ions ( G P D s ) , has t r iggered e n o r m o u s theoret ical and 
exper imenta l activity. G P D s prov ide a unif ied descr ip t ion of exc lus ive 
(whe re all p r o d u c e d par t ic les are s tud ied in con junc t i on wi th the 
inc ident par t ic le) a n d inc lus ive ( ave raged over all f inal s ta tes ) hard 
react ions . Moreover , the f o rma l i sm of G P D s has a s o u n d bas is in 
Q C D and rel ies on fo rma l fac tor izat ion t h e o r e m s . 

D i scuss ion on G P D s w a s in i t iated by the exc i t ing possib i l i ty of 
a c c e s s i n g the orb i ta l a n g u l a r m o m e n t u m con t r ibu t ion of t he 
nuc leon ' s s p i n , wh i ch is so far c o m p l e t e l y u n k n o w n . A qual i ta t ive 
new fea tu re of G P D s is tha t t hey a l low ins ight into the t r ansve rse 
s t ruc tu re of t he n u c l é o n . Inc lus ive d e e p ine last ic sca t te r i ng 
p r o c e s s e s p robe the o r d i n a r y m o m e n t u m d is t r ibu t ion of t h e 
nuc léon . Exc lus ive reac t ions , on the o ther h a n d , a l low the d is t r ibu
t ion to be p robed as a func t ion of t he d is tance of a quark or g luon 
f rom the cent re of m a s s of the n u c l é o n . In o ther w o r d s , th is ef fec
t ively e n a b l e s nuc léon tomography , s ince by c o m b i n i n g in format ion 
f rom di f ferent m e a s u r e m e n t s the nuc léon can be s c a n n e d in t rans 
ve rse s l ices. 

Encou rag ing first resul ts a long t h e s e l ines f rom the H 1 , Z E U S and 
H E R M E S exper iments at DESY, and f rom C L A S at Jef ferson Lab in the 
US were p resen ted at the w o r k s h o p . T h e s e are in genera l a g r e e m e n t 
wi th more recent G P D expec ta t i ons , a n d so have d e m o n s t r a t e d the 
feasibi l i ty of p r o p o s e d fu ture m e a s u r e m e n t s . Moreover , the e m e r g 
ing interest to link the c lass ica l di f f ract ive descr ip t ion of exc lus ive 
p r o c e s s e s at h igh e n e r g y w i th t he G P D desc r i p t i on of exc lus i ve 
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Log- r a t i o B P M 
f o r l inacs , t r a n s f e r l ines 

s y n c h r o t r o n s a n d c y c l o t r o n s 

< US$1000 
per input channel 

V e r y l a r g e d y n a m i c r a n g e 

4 p i c k - u p s p a r a l l e l p r o c e s s i n g 

S i n g l e b u n c h o r C W 

X / Y o u t p u t s : ± 1 V , 50Q 1 0 M H z 

Japan: 
Repic Corporation 
sales@repic.co.jp 

U.S.A./Canada: 

NUCLEON STRUCTURE 

p r o c e s s e s will requ i re p rec i se m e a s u r e m e n t s over a b road k ine

mat ic range. 

M o m e n t s of the t ransvers i t y d is t r ibut ion and of the genera l i zed 

par ton d is t r ibut ions are a m o n g the quant i t ies a m e n a b l e to lattice 

gauge ca lcu la t ions. For e x a m p l e , resul ts on the lowest m o m e n t of 

t ransvers i ty , the so-ca l led t enso r cha rge , were r e p o r t e d . T h e st rongly 

QCD- i nsp i r ed ins tanton mode l ca lcu la t ions a lso prov ide ver i f iable 

p red ic t ions .These are v e r y promis ing ways to link phenomeno log ica l 

obse rva t i ons to first pr incip le theore t ica l cons ide ra t ions . 

T h e D e c l a r a t i o n o f F e r r a r a 

After presentat ions of cur rent exp lo ra tory s tud ies and d iscuss ions of 

new ideas, w o r k s h o p par t ic ipants c o n c l u d e d that fu ture ded ica ted 

faci l i t ies are n e e d e d . Th i s led to the v iew of a large c o m m u n i t y of 

E u r o p e a n h a d r o n s t ruc tu re r e s e a r c h e r s be ing e x p r e s s e d in the 

Dec lara t ion of Fer ra ra . 

It has b e c o m e c lear that in -depth s tud ies of the energy , m o m e n 

t u m a n d s p i n - d e p e n d e n c e of exc lus i ve c ross - sec t i ons c a n n o t be 

p e r f o r m e d wi th the cu r ren t gene ra t i on of acce le ra to rs a n d s p e c 

t rometers , but require substant ia l advances in exper imenta l facil it ies 

a n d t e c h n i q u e s . T h i s is mos t l y d u e to luminos i ty , d u t y - c y c l e and 

k inemat ic resolut ion l imits, s ince the mos t in terest ing react ions are 

rare and have large b a c k g r o u n d s . H igh exper imen ta l prec is ion can 

on ly be a c c o m p l i s h e d w i th l um inos i t i es of at least 1 0 3 5 c m _ 2 s _ 1 , 

requi r ing an acce le ra to r w i th a du ty cyc le of 10% or m o r e . B e a m 

energ ies of 2 5 - 5 0 G e V are n e e d e d to cover a k inemat ic range suit

ab le for ex t rac t ing c r o s s - s e c t i o n s a n d the i r s c a l e - d e p e n d e n c e in 

exc lus ive m e a s u r e m e n t s . For non-exc lus i ve s tud ies of had ron s t ruc

tu re , t he op t ima l b e a m - e n e r g y range is 5 0 - 1 0 0 GeV. T h e h ighes t 

poss ib le polar izat ion of b e a m and targets is requi red in both cases . 

La rge -accep tance de tec to r s y s t e m s wi th h igh-rate capabi l i t ies and 

wi th a m a s s reso lu t ion of t he o rde r of a th i rd of t he p ion m a s s , 

essent ia l for the m e a s u r e m e n t of exc lus ive c h a n n e l s , will a lso lead 

to a n e w qual i ty of m e s o n a n d b a r y o n s p e c t r o s c o p y in l e p t o n -

nuc leon scat ter ing. 

Severa l scenar ios for a new generat ion of precis ion exper iments to 

s tudy Q C D with e lec t romagnet i c p robes are be ing s tud ied in Eu rope 

and the US. Coll ider and f ixed-target opt ions are fully complementary , 

s ince the fo rmer cover a w ider k inemat ic range and the latter provide 

cons iderab ly higher luminos i t ies .The f ixed-target opt ion, favoured by 

E u r o p e a n sc ient is ts , can be techn ica l l y real ized in a cost -e f fec t ive 

w a y b a s e d upon the t e c h n o l o g y be ing d e v e l o p e d for fu ture l inear 

coll iders, especial ly if existing or projected infrastructure can be used . 

T h e conc lus ion of the w o r k s h o p w a s that in order to keep Europe 's 

lead ing role in s tudy ing had ron s t ruc ture and Q C D at all sca les wi th 

energe t i c e l ec t romagne t i c p r o b e s , a n e w f i xed- ta rge t faci l i ty w i th 

a h igh du ty cyc le p rov id ing po la r i zed b e a m s in the e n e r g y range 

2 5 - 1 0 0 G e V is n e e d e d . 

F u r t h e r r e a d i n g 

T h e full text of the Dec la ra t ion of Fer rara a n d a call for s u p p o r t can 

be f ound at h t t p : / / w w w . f e . i n f n . i t / q c d - n 0 2 / . 

N i c o l a B i a n c h i , INFN Frascati, and R a i n e r J a k o b , University of 

Wuppertal. 
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May we craft a fine application for you? Give us a call. We will 
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You can depend on us for: 

• Experience you can trust. 
In each of the last two years , we made more Be beam pipes than 

all our competi tors, put together, ever made. 

• Unparalleled craftmanship. 
You'l l get excel lence whether you choose traditional or alternative 

methods: a tmosphere brazing, electron beam welding, vacuum 
brazing or seamless tube joining. 

• Long-lasting reliability. 
You 've got one shot to do it right. Select the proven source. Invest 

in Be products designed to last for years - or decades. 
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email E l e c t r o f u s i o n @ B r u s h W e l l m a n . c o m  

w w w . b r u s h w e l l . t h o m a s r e g i s t e r . c o m 
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DARK MATTER 

Symposium aims to 
uncover dark secrets 

The 5th Symposium of Sources and Detection of Dark Matter and Dark Energy in 
the Universe, held in February at Marina del Rey, California, focused on the 
current state of detection and theoretical studies of dark matter particles. 

Meeting organizer David B Cl ine reports. 

T h e un i ve rse a r o u n d us is 
noth ing like it looks. T h e s tars 
m a k e up less t han 1% of t he 
mat te r in t he u n i v e r s e ; wh i l e 
all the gas and other f o r m s of 
b a r y o n i c mat te r a c c o u n t for 
less t h a n 5%. W e k n o w little 
a b o u t t he o the r 9 5 % e x c e p t 
that it is p robab ly d iv ided into 
3 5 % co ld dark ma t te r a n d 
abou t 60% dark energy. 

Dark e n e r g y is de tec ted by 
the recent acce le ra t ion of t he 
un i ve r se a n d is o b s e r v e d by 
the s tudy of t y p e l a s u p e r 
nova sou rces . A ser ies of s y m 
pos ia have been o rgan ized in 
S o u t h e r n Ca l i fo rn ia fo r t h e 
past 8 years to hear the latest 
in t he d e v e l o p m e n t s in th is 
f ield of par t ic le c o s m o l o g y . It 
w a s at the 1998 mee t i ng tha t 
t he t w o t e a m s tha t have o b s e r v e d t he acce le ra t i ng un i ve rse f irst 
m a d e a jo int a n n o u n c e m e n t of t h e s e impor tan t resul ts . 

T h e part ic le phys ics of dark mat ter is pe rhaps the m o s t a d v a n c e d 
in our unders tand ing of t h e s e p h e n o m e n a . Pe rhaps the best mot i 
va ted and best unde rs tood f o rm of part ic le dark mat ter c o m e s f rom 
s u p e r s y m m e t r y ( S U S Y ) . 

Th i s t h e o r y g ives a " s e m i - n a t u r a l " exp lana t ion of t he a m o u n t of 
dark mat te r in the un i ve rse , w h i c h w o u l d take the f o r m of weak l y 
in teract ing m a s s i v e par t ic les ( W I M P s ) - the p a r a m e t e r s are c o n 
s t ra ined by data f rom C E R N ' s LEP expe r imen ts and e l s e w h e r e . T h e 
s t rong interplay b e t w e e n p r o p o s e d dark mat te r de tec to rs and the 
direct obse rva t i on of S U S Y par t ic les at C E R N ' s f o r t hcom ing Large 
H a d r o n Col l ider ( L H C ) revea ls a s t rong connec t i on b e t w e e n col l ider 

An artist's impression of the ZEPLINII detector being prepared by 
UCLA and the UK dark matter collaboration for installation in the 
Boulby potash mine. (Roy M Preece/RAL.) 

part ic le phys ics and ast ropar 
t icle phys ics . 

T h e r e w a s a c o m p l e t e d is 
cuss ion of the cur ren t s e a r c h 
for S U S Y dark ma t te r a n d 
fu ture de tec to rs at t he mee t 
ing. T h e D A M A e x p e r i m e n t at 
I ta ly 's G r a n S a s s o unde r 
g r o u n d l abo ra to r y c o n t i n u e s 
to c la im a s ignal for S U S Y due 
to an o b s e r v e d a n n u a l va r i a 
t i on . Howeve r , t he re a re now 
three expe r imen ts - Ede lwe iss 
at M o d a n e in F rance , Z E P L I N I 
at Bou lby in the UK , a n d 
C D M S I at the S tan fo rd L inear 
Acce le ra to r Cen te r in t he US -
that cut deep l y into the region 
a l l owed by D A M A . T h e s e 
exper iments all use s o m e fo rm 
of backg round d isc r im ina t ion . 

A jo int ana lys is of the C D M S 
I da ta at D A M A w a s c l a i m e d to e x c l u d e the D A M A s igna l f r om a 
W I M P s o u r c e to 9 8 % c o n f i d e n c e leve l , e v e n a s s u m i n g all of t he 
C D M S I even ts are not n e u t r o n - i n d u c e d . T h e D A M A group d ispu tes 
th is c la im , however . T h e D A M A e x p e r i m e n t is be ing upg raded and 
hopefu l ly th is d ispu te will be reso lved s o o n . T h e cur ren t pred ic t ions 
for the rate of S U S Y W I M P de tec to rs a re near ly all wel l be low the 
D A M A sensi t iv i ty, as w a s d i s c u s s e d ex tens ive ly at the meet ing . 

B i g g e r m a c h i n e s 
It w a s genera l ly ag reed that a new genera t ion of m u c h larger de tec 
tors will be n e e d e d to p rov ide a c lean de tec t ion of the S U S Y W I M P 
s igna l . T h e r e are severa l d isc r im ina t ing de tec to rs in the 10 -30 kg 
m a s s range be ing c o n s t r u c t e d or u p g r a d e d s u c h as C D M S II, C> 
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DARK MATTER 

Ede lwe iss a n d Z E P L I N II. To p rov ide a c lear s tudy 
of the W I M P s ignal , detectors of the target m a s s of 
1 t o n n e will be n e e d e d , and there are p re l im inary 
s tud ies of poss ib le de tec to rs for th is m a s s range. 
It is t ru ly remarkab le tha t de tec to rs of th is great 
sensi t iv i ty are being d e v e l o p e d . 

D a r k e n e r g y 
T h e i ssue of t he or ig in o f da rk e n e r g y is m o r e 
c o m p l e x a n d poss ib ly m u c h m o r e o b s c u r e . Af ter 
the p ioneer ing work of the two t e a m s work ing on 
t y p e l a s u p e r n o v a e , t he re a re p ro jec ts for t w o 
impress ive de tec tors tha t will to t ry to ident i fy the 
equa t ion of s tate of the dark energy . 

T h e S N A P sate l l i te w o u l d o b s e r v e t y p e l a 
s u p e r n o v a e out to a redshift of a round z = 1.5.The 
o ther possibi l i ty is to s tudy t y p e l a s u p e r n o v a e 
f rom the g round us ing a large "dark mat ter" t e lescope in Chi le cal led 
the Large Synop t i c S u r v e y T e l e s c o p e ( L S S T ) . It m a y be tha t both of 
t h e s e m e t h o d s will be n e e d e d to unrave l the equa t ion of s ta te and 
demons t ra te that the effect is e i ther d u e to a cosmo log ica l cons tan t 
or s o m e other e l e m e n t a r y part ic le- l ike s o u r c e . 

In o n e of the mos t interest ing ta lks at the meet ing , Paul S tenhard t 
of Pr ince ton d i scussed the impac t of an acce le ra t ing un ive rse on 

During the course of 
the Southern 
California meetings, 
a much clearer 
picture of the bulk 
of components of 
the universe has 
emerged, but we 
have yet to find any 
evidence of what thi; 
stuff really is 

t he old ques t i on of w h e t h e r the un i ve rse m a y be 
cycl ic in t ime. It is poss ib le that an accelerat ing un i 
v e r s e cou ld w i p e ou t t he en t ropy of the un i ve rse 
over a l o n g t i m e and then if the equat ion of s tate of 
the dark e n e r g y comp l i es , the un iverse might c o n 
t ract to a "b ig c r u n c h " . Acco rd ing to th is v iewpo in t , 
t he acce le ra t i ng s ta te of t he un i ve rse is ac tua l l y 
requ i red ra ther t h a n be ing a b izar re a d d - o n to a 
F r i e d m a n n un iverse as cur rent ly he ld bel ief wou ld 
prefer. 

T h e r e w a s cons ide rab le d i scuss ion of the poss i 
bility of se l f - in teract ing, w a r m a n d hot dark mat ter 
( in light of recent c la ims for the observa t ion of d o u 
b le-beta decay ; CERN Courier March p5 ) . N o n e of 
t h e s e i ssues w a s clar i f ied at t he meet ing . 

Du r ing t he c o u r s e of t he S o u t h e r n Ca l i fo rn ia 
m e e t i n g s , a m u c h c lea re r p ic ture of t he bulk of 

c o m p o n e n t s of t he un ive rse has e m e r g e d , but we have yet to f ind 
any ev idence of wha t this stuff real ly is. Hopefu l l y th is will change as 
the new W I M P de tec to rs u n d e r g r o u n d a n d new de tec to rs in s p a c e 
start tak ing da ta a n d the L H C is t u r n e d o n . T h e next s y m p o s i u m will 
be held in F e b r u a r y 2 0 0 4 in Mar ina del Rey. 

D a v i d B C l i n e , University of California, Los Angeles. 
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FUSION RESEARCH 

Heavy ions offer a new 
approach to fusion 

Three US laboratories have teamed up to form the Heavy-Ion Fusion Virtual National 
Laboratory to investigate a novel approach to fusion energy. Chr is t ine Celata 

profiles the highly tangible programme of the fledgling virtual lab. 

a f e w k i l omet res 

mul t ip le 
b e a m ion 

s o u r c e a n d 
in jector 

acce le ra t i on 
w i th e lect r ic 

f o c u s i n g 

i n j e c t i o n / m a t c h i n g 

- 2 - 3 M e V 
-1 A / b e a m 

targe t 

c h a m b e r 
t r a n s p o r t 

f o c u s i n g 

b e a m c o m b i n i n g 
long i tud ina l 

c o m p r e s s i o n 

- 1 0 0 M e V 
- 1 0 A / b e a m 

- 3 G e V 
- 4 0 0 A / b e a m 

bend ing 

- 3 G e V 
- 4 0 0 0 A / b e a m 

Left: research being carried out at the US HIF-VNL laboratory could result in power stations of the future looking like this. Right: this 
apparatus at the LBNL saw its first beam in January. It is being used to investigate the physics of high-current beam transport. 

In t he m id -1970s Al M a s c h k e of t he U S B r o o k h a v e n Na t iona l 
L a b o r a t o r y s u g g e s t e d tha t h e a v y - i o n b e a m s , ra ther t h a n laser 
b e a m s , cou ld be used as a dr iver to imp lode iner t ia l - fus ion targets 
for the commerc ia l genera t ion of e lectr ical p o w e r . T h e b e a m s wou ld 
del iver the kinetic e n e r g y tha t w o u l d heat the su r face of a capsu le 
con ta in ing deu te r ium and t r i t ium, wi th the resul t ing ab la t ion dr iv ing 
a c o m p r e s s i o n tha t c a u s e s n u c l e a r f u s i o n . H e a v y ions have the 
a d v a n t a g e tha t e n e r g y depos i t i on is s imp le r wi th t h e m t h a n wi th 
pho tons , whi le m u c h of t he acce le ra to r t e c h n o l o g y n e c e s s a r y has 
a l ready been demons t ra ted to have long life, a suff iciently high pulse 
repet i t ion rate a n d high electr ical ef f ic iency. 

In the US, researchers f rom three laborator ies - Lawrence Berkeley 
Nat iona l L a b o r a t o r y ( L B N L ) , L a w r e n c e L i ve rmore Na t iona l Labor 
a tory (LLNL) and Pr inceton P lasma Physics Labora tory ( P P P L ) - have 
f o r m e d the U S H e a v y - I o n Fus ion V i r tua l Nat iona l Labo ra to r y (H IF -
V N L ) to coord ina te their wo rk on h e a v y - i o n fus ion . 

H e a v y - i o n fus ion resea rch is car r ied out in severa l labora tor ies 
a r o u n d the wo r l d . A s wel l as the H I F - V N L in the US, a h i gh -space -
charge e lect ron ring at t he Un ivers i ty of M a r y l a n d wil l s tudy in tense 
b e a m phys ics . Resea rche rs f rom the Naval Resea rch Laboratory , the 
M iss ion R e s e a r c h C o r p o r a t i o n , t h e Un ive rs i t y of M i c h i g a n , t he 

M a s s a c h u s e t t s Inst i tu te of T e c h n o l o g y , t he S a n d i a Na t iona l 
L a b o r a t o r y a n d t he S t a n f o r d L inear A c c e l e r a t o r C e n t e r a re a l so 
involved in the U S heavy - i on fus ion p r o g r a m m e . Other efforts a i m e d 
at both acce le ra to r phys ics a n d s tudy ing the in teract ion of h e a v y 
ions wi th hot mat te r exist at GS I in G e r m a n y ; the Tokyo Inst i tute of 
Techno logy , R I K E N , U t s u n o m i y a Univers i ty and O s a k a ' s Inst i tute of 
Lase r E n g i n e e r i n g in J a p a n ; O r s a y in F r a n c e ; a n d the R u s s i a n 
Inst i tute for T h e o r e t i c a l a n d E x p e r i m e n t a l Phys i cs . T h i s ar t ic le 
desc r ibes the p rogress a n d p lans of the H I F - V N L p r o g r a m m e . 

I n d u c t i o n l i n a c d r i v e r s 
For its driver acce lerator the US p rog ramme has chosen an induct ion 
l inac - a l inear acce le ra to r tha t acce le ra tes ions by c h a n g i n g the 
s t reng th of a m a g n e t i c f ie ld in m a g n e t i c mater ia l enc i rc l i ng the 
b e a m s . T h e induct ion co res of s u c h l inacs have high ef f ic iency at the 
high b e a m cur ren ts tha t fus ion d e m a n d s , and their cos t is relat ively 
low. Moreover , e lectr ical losses in induct ion co res rema in ef fect ively 
constant as the b e a m current increases, whi le more and more energy 
goes into the b e a m , s ince essent ia l ly the s a m e electr ic acce lera t ing 
f ield is p r o d u c e d . A n d b e c a u s e l inacs are o n e - p a s s m a c h i n e s , they 
are ab le to s tab ly t ranspor t the ex t reme ly in tense b e a m s tha t are \> 
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Simulations show that electrons in the 
neutralized transport experiment will 
follow a positive potassium ion beam, 
providing 94% neutralization (top). The 
resultant focusing of the ion beam is 
shown below. 

n e c e s s a r y to i m p l o d e the ta rget ; a r o u n d 
1-7 MJ m u s t be d e p o s i t e d in a p p r o x i 
m a t e l y 10 ns , c o r r e s p o n d i n g to a r o u n d 
1 0 1 6 ions of m a s s 2 0 0 a m u at 3 GeV. 

Q u a d r u p o l e focus ing f ield l imits m a k e it 
v e r y u n e c o n o m i c a l to t r a n s p o r t s u c h a 
large a m o u n t of charge in a s ing le b e a m . 
T h e app roach being fo l lowed is there fore to 
t r a n s p o r t mul t ip le ( 1 0 0 - 2 0 0 ) b e a m s in 
paral lel th rough a c o m m o n set of induct ion 
co res that wou ld enc i rc le the b e a m array. 
B e a m s f rom a mul t ip le-beam injector wou ld 
enter the linac at an energy of abou t 2 MeV. 
T h e y wou ld then be acce le ra ted over a f ew 
kilometres to a few G e V Electrostatic quadru -
poles would be used for focusing up to about 
100 M e V in s o m e des igns ( s e e d iag ram on 
p 2 3 ) ; thereaf ter focus ing wou ld be d o n e by 
a r rays of s u p e r c o n d u c t i n g q u a d r u p o l e s . 

At the end of the acce le ra to r a c o h e r e n t 
"veloci ty tilt" wou ld be app l ied , accelerat ing 
the tail of the b e a m m o r e t han the h e a d to 
p roduce longitudinal c o m p r e s s i o n of a fac
tor of 1 0 - 2 0 , s h o r t e n i n g the pu l se to 
a r o u n d l O n s . T h e b e a m s w o u l d t h e n go 
t h rough a f inal focus ing s y s t e m , and t rans 
port t h rough the target c h a m b e r to the tar
get. T h e pu lse repet i t ion rate w o u l d be abou t 5 Hz , wi th c lear ing of 
the c h a m b e r of target debr is , mo l ten salt, a n d gas being the l imit ing 
factor. T h e cha l lenge is to ma in ta in v e r y low emi t tance , both t rans
v e r s e and long i tud ina l , in the p r e s e n c e of the b e a m s ' h igh s p a c e 
c h a r g e , s o tha t t he b e a m s wil l f o c u s to a s p o t a f ew mi l l imet res 
ac ross at the end of the driver. 

B e a m d y n a m i c s in th is a c c e l e r a t o r a re d e t e r m i n e d largely by 
s p a c e charge - the s p a c e - c h a r g e d e p r e s s i o n of the beta t ron phase 
a d v a n c e per lattice per iod is app rox ima te l y a fac tor of 10, so that 
s p a c e charge near ly cance ls out external focus ing f o r c e s . T h e b e a m s 
act like non-neut ra l p l a s m a s , exh ib i t ing no rma l m o d e s a n d insta
bil i t ies not f ound in s ing le-par t ic le d y n a m i c s . T h e r e f o r e se l f - cons is 
ten t par t ic le - in -ce l l ( P I C ) t i m e - d o m a i n s i m u l a t i o n s are t he ma in 
too ls used to ca lcu la te b e a m behav iour . In the target c h a m b e r the 
p rob lem is comp l i ca ted by the n e e d to sh ie ld the c h a m b e r wa l ls 
f rom neu t rons , radiat ion a n d target debr is . Des igns inc lude shee t s 
and c rossed je ts of the neu t ron- th ick mo l ten sal t F U B e (a sal t of 
f luor ine, l i thium and be ry l l i um) in the target chambe r , sh ie ld ing the 
wa l l s f r o m t h e s e ta rge t p r o d u c t s . B e a m s p a s s t h r o u g h s p a c e s 
be tween the je ts . F U B e v a p o u r c a n t hen neutra l ize the b e a m , he lp
ing focus ing , but will a lso str ip b e a m ions, and unde r s o m e cond i 
t ions can lead to p l a s m a instabi l i t ies. Pho to ion iza t ion of t he sal t 
a lso p rov ides a c o p i o u s s o u r c e of e lec t rons near the ta rge t after 
igni t ion. Model l ing in the target c h a m b e r there fo re requ i res mul t i -
s p e c i e s , 3 D , t i m e - d e p e n d e n t e lec t romagne t i c s imu la t ion wi th ful ly 
se l f -cons is ten t s p a c e charge . 

Exper iments at LBNL in the 1980s and 1990s s h o w e d that s p a c e -
c h a r g e - d o m i n a t e d b e a m s are s tab le , a n d can be acce le ra ted and 

100 

100 

c o m p r e s s e d in an induc t ion acce le ra to r , 
c o m b i n e d a n d f o c u s e d to a spot . A quar 
ter - tu rn e x p e r i m e n t at LLNL d e m o n s t r a t e d 
t h e b e n d i n g of an i n tense b e a m . T h e s e 
w e r e s c a l e d e x p e r i m e n t s at up to 1 MeV, 
wi th cu r ren ts of a few tens of mi l l iamps or 
less . D i m e n s i o n l e s s phys i cs p a r a m e t e r s 
w e r e d e s i g n e d to be in the s a m e range as 
in a driver, so tha t phys ics tes ts were va l id . 
T h e H I F - V N L p r o g r a m m e is now mov ing to 
e x p e r i m e n t s wi th cur ren ts s imi lar to t hose 
of a dr iver b e a m at low e n e r g y (0.1-1 A ) , 
so tha t e f fec ts d e p e n d e n t on the b e a m ' s 
e lect rostat ic potent ia l can be s tud ied . T h e 
p r o g r a m m e cu r ren t l y f o c u s e s on t h ree 
e x p e r i m e n t a l t h rus t s : t he H igh C u r r e n t 
Expe r imen t ( H C X ) ; a Neut ra l ized T ranspor t 
Expe r imen t ( N I X ) ; a n d expe r imen ts explor
ing a new " m i n i b e a m l e t " in jector concep t . 

N e w e x p e r i m e n t s 
T h e H C X at L B N L s a w its f irst b e a m in 
J a n u a r y a n d is in the p rocess of c o m m i s 
s ion ing . Its ma in m iss ion is to invest igate 
t he o p t i m u m ape r tu re for t ranspor t i ng an 
in tense h igh-cur rent b e a m . S ince induct ion 
c o r e s m u s t enc i rc le t he w h o l e ar ray of 

b e a m s in a driver, the se lect ion of the t ransverse aper ture al lotted to 
each b e a m can s igni f icant ly af fect dr iver cost , and there fo re des ign 
op t im iza t ion . T h e H C X p r o g r a m m e will invest igate the in f luence on 
b e a m p ropaga t i on a n d b r i gh tness of a range of phys i cs - image 
f o r ces , m i s m a t c h of t he b e a m e n v e l o p e to the f o c u s i n g s y s t e m 
(wh ich t h rough a r e s o n a n c e can p u m p ions into a ha lo ) , and gas 
and e lec t rons p r o d u c e d by sc rap ing h a l o . T h e H C X is a s i n g l e - b e a m 
e x p e r i m e n t , us ing a dr i f t ing 0 . 2 - 0 . 5 A , 1.0-1.8 M e V b e a m of K + 

ions. S ince the b e a m potent ia l is abou t 2 kV, b e a m s p a c e charge 
has a s t rong effect on e lec t ron orbi ts. 

T h e e x p e r i m e n t cur ren t l y cons is t s of an in jector fo l lowed by 10 
e lectrostat ic q u a d r u p o l e s . At least fou r magne t i c q u a d r u p o l e s will 
be a d d e d to s tudy the p roduc t ion a n d orbi ts of e lec t rons p r o d u c e d 
in ten t iona l ly by b e a m s c r a p i n g . Nex t yea r up to 3 0 m o r e 
q u a d r u p o l e s will be a d d e d to con t i nue the d y n a m i c aper tu re s t u d 
ies. Final ly a sma l l induct ion core will be used to exp lore the longi 
tud inal c o n f i n e m e n t of t he b e a m by ta i lor ing the induct ion pu lse . 

Pr inceton is mak ing a p lasma source for the NTX, wh ich is current ly 
at the des ign s tage and will a lso be at LBNL. Star t ing in 2 0 0 3 , it will 
invest igate b e a m phys ics in the f inal f ocus s y s t e m a long with in ten
t ional neutra l izat ion of the b e a m after the f inal lenses. T h e NTX will 
consis t of a 4 0 0 keV injector fo l lowed by a fou r -quadrupo le focus ing 
sys tem. A p lasma source downs t ream will s tudy var ious neutral ization 
m e t h o d s that cou ld coun te rac t the s p a c e charge of the b e a m , pro
duc ing a sma l l e r s p o t at t he target . T h e ef fects of both a sma l l 
p lasma sou rce ups t ream of the target c h a m b e r and bulk p lasma in 
the target c h a m b e r - as w o u l d be p r o d u c e d by photo ion izat ion of 
F U B e - will be invest igated. A n o t h e r impor tan t area of interest for 
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the N I X is the cor rect ion of aber ra t ions in the final lens s y s t e m . T h i s 
is a well known p rob lem for b e a m s wi th negl igible s p a c e charge , but 
the ef fects of s p a c e charge in the HIF case are s igni f icant and the 
prescr ipt ion for aber ra t ion cor rec t ion is not well unde rs tood . 

A new concep t for an in tense b e a m injector is in the des ign s tage, 
wi th an exper imenta l test p lanned for 2 0 0 4 . T h e Ch i l d -Langmu i r law 
s h o w s that, b e c a u s e vo l tage l imits inc rease on ly as (app rox ima te l y ) 
the square root of the vo l tage for a large d iode , the cur rent densi ty of 
the b e a m increases as the current and radius of the -beam decrease . 
The re fo re it is theoret ica l ly poss ib le to make the injector more c o m 
pac t - a v e r y impor tan t fea tu re for a m u l t i b e a m acce le ra to r - by 
mak ing each of the acce le ra ted b e a m s with sma l l , v e r y bright b e a m -
lets, w h i c h m e r g e later in t he in jec tor to f o r m a s ing le b e a m . 
A r rang ing the b e a m l e t s to m a t c h p a r a m e t e r s for the d o w n s t r e a m 
lattice can also e l iminate the t ransve rse b low-up of the b e a m in the 
m a t c h i n g s e c t i o n . T h e e x p e r i m e n t wil l m e r g e a r o u n d 100 h igh -
c u r r e n t - d e n s i t y b e a m l e t s of 1-2 m m rad ius near t he e n d of t he 
in jector to m a k e a s ing le 0.5 A , 1.6 M e V h e a v y - i o n b e a m . 3 D PIC 
s imu la t i ons pro ject the e m i t t a n c e to be s imi lar to tha t of b e a m s 
f rom a s tandard large d i o d e . T h e beam le t -me rg i ng idea has a l ready 
been used in neu t ra l - beam-hea t i ng acce le ra to rs for t o k a m a k s , but 
in tha t case p ro tons w e r e u s e d a n d emi t t ance w a s not impor tant . 

O n c e the e x p e r i m e n t s a re c o m p l e t e d , t he p r o g r a m m e wil l be 
ready for a source- to - ta rge t expe r imen t that in tegrates all the b e a m 

man ipu la t i ons n e e d e d in a driver. A w o r k s h o p held in Oc tobe r 2001 
c h o s e the overa l l d e s i g n p a r a m e t e r s for an In tegra ted B e a m 
E x p e r i m e n t ( I B X ) . T h e IBX is e n v i s i o n e d as a s i n g l e - b e a m expe r i 
ment , poss ib ly upg radab le to m o r e b e a m s , wi th f inal e n e r g y in the 
10-20 M e V range. It will i ncorpora te a lmos t all of the phys ics of the 
dr iver ( a n d m u c h eng ineer ing at full s c a l e ) , the excep t ions be ing in 
the a reas of beam- ta rge t phys ics , mu l t i p le -beam in teract ions and 
h igh -ene rgy ef fects s u c h as se l f -magne t i c and induct ive ef fects. In 
part icular, the expe r imen t will be ab le to s tudy longi tudinal b e a m 
d y n a m i c s , inc lud ing w a v e mot ion on the b e a m , halo fo rma t ion and 
b e a m heat ing over in te rmed ia te t ranspor t lengths , the bend ing of 
space -cha rge -dom ina ted b e a m s , and se l f -cons is tent final drift c o m 
p ress ion , f inal f ocus a n d neut ra l iza t ion. 

Look ing a h e a d , t he H I F - V N L e n v i s i o n s an In tegra ted R e s e a r c h 
E x p e r i m e n t of a f ew h u n d r e d M e V tha t ca r r ies a r rays of mul t ip le 
b e a m s all t he w a y to the ta rge t a n d is c a p a b l e of b e a m -
target s tud ies . All th is is tak ing the acce le ra to r aspec ts of heavy - i on 
fus ion research in the US f rom explorat ion of the concep t th rough to 
proof of pr inc ip le. 

F u r t h e r r e a d i n g 
N e w s f rom the H I F - V N L is at h t t p : / / h i f n e w s . l b l . g o v / . 

C h r i s t i n e C e l a t a Lawrence Berkeley National Laboratory. 
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COSMIC NEEDS 

Cosmic-ray observatioi 
Some 50 people attended the NEEDS 
workshop in Karlsruhe in April to discuss 
how accelerator experiments can help in 
understanding cosmic-ray data.The 
meeting brought together experimentalists 
and theorists from the accelerator and non-
accelerator areas. Lawrence Jones reports. 

T h e Kar ls ruhe Fo rschungszen t rum is the h o m e of severa l of the most 
act ive theor is ts and Mon te Car lo mode l le rs in cosmic - ray phys ics . It 
is a lso the site of the d e n s e l y i ns t r umen ted K A S C A D E cosmic - ray 
a i r - shower array, wh i ch has p r o d u c e d s o m e of the mos t def in i t ive 
da ta for energ ies be low 100 PeV (1 P e V = 1 0 1 5 e V ) . Ka r l s ruhe w a s 
the re fo re an o b v i o u s v e n u e for t he N e e d s f r o m A c c e l e r a t o r 
E x p e r i m e n t s for t he U n d e r s t a n d i n g o f H i g h - E n e r g y E x t e n s i v e Air 
S h o w e r s ( N E E D S ) w o r k s h o p , o rgan ized by H a n s B luemer , A n d r e a s 
H a u n g s a n d Hein igerd Rebe l of Ka r l s ruhe , a n d Lawrence J o n e s of 
the Univers i ty of M ich igan . 

Physic is ts genera l ly unde rs tand that cosm ic rays wi th energ ies up 
to abou t 1 PeV are p r o d u c e d by s h o c k acce le ra t ion in s u p e r n o v a e . 
At energ ies up to a round 1 0 1 4 e V , their compos i t i on is s imi lar to that 
of s ta rs , wi th minor a n d wel l u n d e r s t o o d d i f fe rences - for e x a m p l e 
add i t iona l l i th ium, bery l l i um a n d bo ron f rom spa l la t ion of ca rbon 
nucle i on interstel lar nuc le i . T h e di f ferent ial s p e c t r u m fal ls s teep ly 
wi th e n e r g y as abou t E " 2 , 7 . A t h igher ene rg ies , however , it is unc lear 
w h a t the acce le ra t ion m e c h a n i s m is - it is diff icult to p rov ide the 
requ i red e n e r g y f r om s u p e r n o v a e s h o c k s . F u r t h e r m o r e , t he re are 
ind ica t ions that the c o m p o s i t i o n c h a n g e s , w i th heav ie r p r imar ies 
b e c o m i n g relat ively m o r e a b u n d a n t . T h e r e is a lso a c h a n g e in the 
s lope of the s p e c t r u m , s t e e p e n i n g to abou t E " 3 at abou t 3 PeV. Th is 
c o r r e s p o n d s to the m o m e n t u m range w h e r e par t ic les may e s c a p e 
con f i nemen t in the mic rogauss- leve l galact ic magne t i c f ie lds. 

As t rophys ic is ts are in terested in learn ing abou t the sou rces , c o m 
posi t ion and ene rgy s p e c t r u m of the c o s m i c rays ex tend ing to ener
g ies a b o v e 1 0 2 0 e V . Be low a b o u t 1 0 1 4 e V , t he s p e c t r u m a n d 
compos i t i on are wel l known f r om di rect obse rva t i on wi th soph is t i 
ca ted de tec to rs f lown on ba l loons a n d ear th satel l i tes. However , at 
energ ies above 1 PeV, the f lux is on ly abou t 100 part ic les per squa re 
met re per s te rad ian per year - t oo low for usefu l d i rect o b s e r v a t i o n . 
C o n s e q u e n t l y , e v e r y t h i n g w e k n o w at s u c h e n e r g i e s is b a s e d on 
ground- leve l obse rva t i ons of air s h o w e r s of e lec t rons a n d pho tons 
wi th co inc iden t had rons a n d m u o n s . Proper t ies s u c h as thei r d e n 
si t ies, radial d is t r ibut ions, e n e r g y d is t r ibut ions a n d d e p e n d e n c e on 

S o m e 5 0 particle and cosmic-ray physicists got together in Karlsruhe to < 

depth in the a t m o s p h e r e can be in terpreted in t e r m s of the p r imary 
cosmic - ray energ ies and nuc lear m a s s n u m b e r s . 

S u c h in te rp re ta t ions o f g r o u n d - l e v e l o b s e r v a t i o n s are heav i l y 
d e p e n d e n t on Mon te Car lo s imu la t ions of the p r imary interact ion in 
the u p p e r a t m o s p h e r e a n d the evo lu t ion of t he resul t ing par t ic le 
c a s c a d e . T h e c a s c a d e is d o m i n a t e d by l owe r -ene rgy p h e n o m e n a 
that are reasonab ly well unde rs tood . However , the p r imary and ear ly 
s u b s e q u e n t in teract ions involve ene rg ies up th rough the PeV range, 
and exist ing Monte Car los are a lmos t ent i rely based upon data f rom 
f ixed-target acce lera tor expe r imen ts be low I T e V . A s e n s e of the c o n 
fus ion that cur ren t ly ex is ts is c lear on a plot s h o w i n g the average of 
the logar i thm of t he nuc lea r m a s s n u m b e r of the p r imary c o s m i c 
rays v e r s u s e n e r g y ( f igure 1) . 

S m a l l a n g l e m e a s u r e m e n t s 
Fermi lab ' sTeva t ron Col l ider p rov ides p ro ton -an t ip ro ton col l is ions at 
a cent re of m a s s e n e r g y a p p r o a c h i n g 2 TeV, equ iva len t to a c o s m i c 
ray of a b o u t 2 PeV inc ident on a s ta t i ona ry p ro ton . B r o o k h a v e n ' s 
Relativist ic H e a v y Ion Col l ider ( R H I C ) prov ides energ ies of more than 
100 G e V per nuc léon in b e a m - b e a m col l is ions of nuc le i . For e x a m -
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is need accelerator data 

) discuss the accelerator-based needs of cosmic-ray research. 

pie, a n i t r ogen -n i t r ogen co l l i s ion at R H I C is e q u i v a l e n t to a 
5 x 1 0 1 4 eV cosmic - ray n i t rogen nuc leus inc ident on an air nuc leus . 
C E R N ' s Large H a d r o n Col l ider ( L H C ) , wi th col l is ions of 14TeV in the 
cent re of m a s s , will p rov ide energ ies equ iva len t to a proton of abou t 
1 0 1 7 e V inc ident on a s ta t i ona ry p ro ton . T h e L H C will a lso p roduce 
n u c l e u s - n u c l e u s co l l is ions. 

T h e cur rent genera t ion of co l l iders p lus the LHC wi l l , in pr inc ip le, 
be ab le to prov ide the da ta for the re f i nemen t of Mon te Car lo m o d 
els to p rov ide a less a m b i g u o u s in te rpre ta t ion of c o s m i c - r a y air-
s h o w e r da ta . Howeve r , m o s t a c c e l e r a t o r s t u d i e s a re m a d e wi th 
de tec to rs that do not cove r ang les wi th in one or two deg rees of the 
beaml ine . S ince it is wi th in s u c h sma l l ang les that mos t of the f inal-
state energy f low occurs , this is the region that dom ina tes a i r -shower 
o b s e r v a b l e s . A b o u t 8 0 % of t he f ina l -s ta te e n e r g y f low in the 
Teva t ron , for examp le , is es t imated to be within a 28 mrad cone c e n 
t red on the b e a m . For the L H C , th is f igure is 95%. 

If a 2 PeV p r imary pro ton co l l ides wi th an air nuc leus a n d con t in 
ues w i th hal f its init ial ene rgy , acqu i r i ng 2 0 0 M e V / c t r a n s v e r s e 
m o m e n t u m in t he co l l i s ion , it m a k e s an ang le of on ly 0.2 \xra6 
with its initial d i rec t i on .The equ iva len t Tevat ron p rocess is a T e V pro-

NEEDS'02 conference participants visit the KASCADE array. 

t on co l l id ing w i th an an t i p ro ton a n d sca t te r i ng at an ang le of 
0.4 m r a d , wel l w i th in the c o n e tha t is u n o b s e r v e d by de tec to rs .Th i s 
is a typ ica l f inal s ta te of in terest in t he ca lcu la t ion of a i r - shower 
d e v e l o p m e n t , a n d it is he re tha t m e a s u r e m e n t s are n e e d e d . T h e 
average va lue a n d dist r ibut ion of inelast ic i ty (1 m inus the f ract ion 
of t he inc iden t e n e r g y ca r r i ed by t he m o s t energe t i c f inal s ta te 
h a d r o n ) in a n u c l e o n - n u c l e o n col l is ion a n d its d ist r ibut ion are a lso 
qu i te u n c e r t a i n , a n d v a r y a m o n g cu r ren t M o n t e Car lo m o d e l s . 
A h igh ly ine last ic in te rac t ion of a h i g h - e n e r g y c o s m i c - r a y p ro ton 
cou ld p r o d u c e g r o u n d - l e v e l o b s e r v a b l e s i nd i s t i ngu i shab le f r o m 
t h o s e f r om a low- ine last ic i ty f irst in teract ion of a heav ie r p r i m a r y 
nuc leus of the s a m e energy. 

T h e Kar l s ruhe g roup has d e v e l o p e d C O R S I K A , an e legant Mon te 
Car lo c o d e for s imu la t ing air s h o w e r s . O n e input to th is c o d e is the 
phys ics of the f irst in teract ion of t he p r imary c o s m i c ray wi th an air 
nuc leus, and severa l c o d e s have been deve loped for that s imula t ion . 
It is here that t he p r o b l e m s ar ise. 

Markus R isse , G e r d S c h a t z a n d A n d r e a s H a u n g s f rom Kar l s ruhe , 
and J o h a n n e s K n a p p a n d Markus Roth f rom Leeds , a m o n g o thers , 
d i s c u s s e d resu l ts f r o m K A S C À D E , f r o m a i r - s h o w e r a n d e m u l s i o n 
expe r imen ts at m o u n t a i n e leva t ions , a n d f rom o ther obse rva t i ons , 
cit ing thei r c o m p a r i s o n s wi th va r i ous Mon te Car lo mode l s . In g e n 
era l , n o n e of the m o d e l s fit the da ta as wel l as cou ld be h o p e d for. 
It w a s encouraging, however, to learn that the models have been tuned 
recent ly to improve the i r a g r e e m e n t wi th da ta . E u g e n e Loh of Utah 
d iscussed events of over 1 0 2 0 eV, the highest energy obse rved , with the 
Fly 's Eye t e c h n i q u e , a n d O s c a r S a a v e d r a of Tur in d i scussed unusua l 
cosmic-ray events observed at 5200 m on Bolivia's Mount Chacal taya. 

T h e s ta tus of Mon te Car lo m o d e l s a n d thei r v a r y i n g d e g r e e s of 
s u c c e s s in s imu la t ing obse rva t i ons w a s d i scussed by Dieter Heck t > 
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Fig. 1. The scatter of points on a plot of the average logarithm of 
the nuclear mass number of the primary cosmic rays versus 
energy clearly shows the need for more input from 
accelerators. 
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Fig. 2. Trigger rates are just one area where current Monte 
Carlo models fail to agree. This plot compares data and Monte 
Carlo for hadron event rates versus trigger rates in the 320 m2 

KASCADE hadron calorimeter. 

and Sergej Os tapchenko of Kar l s ruhe , Ralph Engel a n d T o d o r S t a n e v 
of t he Un ivers i t y of D e l a w a r e , H a n n e s J u n g of L u n d , J e a n - N o e l 
Capdev ie l l e of the Co l lege de F r a n c e , and G i u s e p p e Batt is toni of 
Mi lan. Fol lowing t hese d i scuss ions , the acce le ra to r expe r imen ts rel
evan t to these ques t i ons we re d e s c r i b e d . S p e a k e r s inc luded Andre i 
R o s t o v t s e v a n d Mar t in E r d m a n n of DESY, D a m i a n B u c h e r a n d 
J o h a n n e s Ranft w h o d i s c u s s e d B rookhaven ' s R H I C , Valer ia Tano of 
Fermi lab , and Ste fan Tapprogge and Ar is Angel is w h o d i scussed pro
j ec t s in prepara t ion for t he L H C . L o w e r - e n e r g y f ixed- target exper i 
men ts at the three laborator ies, wi th b e a m s of 5 -120 GeV, were also 
d i s c u s s e d . Kai Z u b e r a n d Gi les Barr p r e s e n t e d the C E R N ' s H A R P 
e x p e r i m e n t . Brett F a d e m of Iowa S ta te Un ive rs i t y d i s c u s s e d 
B rookhaven ' s E 9 4 1 , a n d Car l Rosen fe ld of the Univers i ty of Sou th 
Caro l i na p r e s e n t e d Fe rm i l ab ' s ma in in jec tor par t ic le p roduc t i on 
( M I P P ) exper imen t , all of wh i ch m e a s u r e part ic le p roduc t ion c ross -
sec t i ons that are va luab le for h i gh -ene rgy cosmic - ray work . 

P r i o r i t y l is t 
A p r imary ob ject ive of the w o r k s h o p w a s to deve lop a priori ty list of 
des i red acce le ra to r m e a s u r e m e n t s tha t cou ld be u s e d to r e c o n 
s t ruc t cosm ic - ray in terac t ions in Mon te Car lo m o d e l s m u c h more 
a c c u r a t e l y t h a n is cu r ren t l y poss ib l e . T h e s e w o u l d s ign i f i can t ly 
improve the interpretat ion of cosm ic - ray obse rva t i ons . T h e h ighest 
pr ior i ty is to obta in inc lus ive f inal s ta te spec t ra for p ro tons , n e u 
t rons , cha rged p ions , neut ra l p ions a n d cha rged k a o n s f rom pro
t o n - p r o t o n (o r p r o t o n - a n t i p r o t o n ) in te rac t ions ove r t he range 
0.1 < x < 1.0, w h e r e x is the ratio of the longi tudinal m o m e n t u m of 
the f inal -s tate had ron to its k inemat ic m a x i m u m . T h e s e da ta wou ld 
be des i rab le over the e n e r g y ranges s p a n n e d by R H I C , the Tevat ron 
and the LHC. S imi lar da ta f rom R H I C and the LHC w o u l d be desir
ab le f rom p ro ton -n i t rogen co l l is ions, represen t ing pro ton col l is ions 
wi th air nuc le i . Inc lus ive f ina l -s ta te data f rom n u c l e u s - n u c l e u s co l 
l is ions w o u l d a lso be use fu l . T h e p r i m a r y c o s m i c rays of in terest 
range up to i ron, so data f rom i ron-n i t rogen col l is ions wou ld be v e r y 
in terest ing. Total c ross - sec t i ons a n d total inelast ic c ross -sec t i ons 
for p r o t o n - p r o t o n , p r o t o n - n u c l e u s a n d n u c l e u s - n u c l e u s col l is ions 

are h ighly des i r ed , par t icu lar ly for n i t rogen. P i o n - p r o t o n a n d p i o n -
nuc leus inc lus ive f inal s ta te da ta w o u l d be use fu l , a l t hough s u c h 
m e a s u r e m e n t s are l imited to f ixed- target sub -TeV energ ies for the 
fo reseeab le f u t u r e . T h e l ower -ene rgy data f rom the H A R R MIPP and 
E491 e x p e r i m e n t s wil l a l so be v a l u a b l e for t un ing C O R S I K A a n d 
other Mon te Car los tha t m o d e l the a tmosphe r i c c a s c a d e . 

Loh ' s con t r i bu t i on to t he pr ior i ty list c o n c e r n s t he use of t he 
Ear th 's a t m o s p h e r e as a ca lor imeter . T h e air scint i l lat ion t e c h n i q u e 
used in the Fly 's Eye de tec to rs is qui te well unde rs tood , but the f rac
t ion of t he tota l e n e r g y of t he inc iden t c o s m i c ray tha t d o e s not 
a p p e a r as ionizat ion is b a s e d on e d u c a t e d guesswork . It wou ld be 
v e r y usefu l to know bet ter wha t f ract ion of the total inc ident e n e r g y 
is invisible to the air scint i l la t ion o b s e r v a t i o n s , tak ing the f o r m of 
neut r inos , h i gh -ene rgy m u o n s tha t lose mos t of their ene rgy in the 
ear th and nuc lear b ind ing energy , for e x a m p l e . 

T h e f inal i tem on t h e list c a m e f r o m the K a r l s r u h e g r o u p , w h o 
w o u l d like to s e e s p e c t r a d e p e n d e n t on cent ra l i ty ( h o w c lose to 
h e a d - o n t he co l l i s ions a r e ) . S u c h da ta w o u l d m a k e m i c r o s c o p i c 
know ledge of interact ion m e c h a n i s m s poss ib le , rather t han the cur
rent ly avai lab le data ave raged over all impac t pa ramete rs . 

A l t hough not on th is acce le ra to r priori ty list, S a a v e d r a , J o n e s a n d 
others noted the desirabi l i ty of locat ing an a i r -shower de tec tor array 
wi th the comp lex i t y a n d soph is t i ca t ion of K A S C A D E at high m o u n 
tain e levat ions . 

T h e w o r k s h o p c o n c l u d e d that two e l emen ts are of p r imary impor
t a n c e ; s t ronger l inks b e t w e e n the acce le ra to r and cosmic - ray h igh -
e n e r g y c o m m u n i t i e s , a n d c o m m i t m e n t on the par t of c o s m i c - r a y 
phys ic is ts to cont r ibu te act ive ly to acce le ra to r expe r imen ts . 

T h o s e w h o t ook par t in t he N E E D S w o r k s h o p be l ieve tha t t hey 
have taken a s tep t o w a r d s real iz ing t h e s e goals . 

F u r t h e r r e a d i n g 
All p resen ta t ions f rom the w o r k s h o p are avai lab le at h t t p : / / w w w - 
i k . f z k . d e / ~ n e e d s / . 

L a w r e n c e W J o n e s , University of Michigan. 
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Particle physicists recognized by APS awards 
The Amer ican Physical Society made a num
ber of awards at its April meet ing, held joint ly 
with the high-energy astrophysics division of 
the Amer ican Astronomical Society in 
A lbuquerque, New Mexico. 

The W H K Panofsky Prize went to 
M a s a t o s h i K o s h i b a , Y o j i T o t s u k a and 
T a k a a k i Ka j i t a , all f rom the University of 
Tokyo, for "compel l ing exper imental ev idence 
for neutrino oscil lations using atmospher ic 
neutr inos". 

G o r d o n B a y m of the University of Illinois at 
Urbana-Champaign received the Hans A Bethe 
prize for his "superb synthesis of fundamenta l 
concepts , which have provided an under
standing of matter at ext reme condi t ions, 
ranging from crusts and interiors of neutron 
stars to matter at ultrahigh temperatures" . 

The "pioneering work in the deve lopment of 
superstr ing theory" of Cambr idge University 's 
M i c h a e l G r e e n and Caltech's J o h n S c h w a r z 
was recognized by the award of the Dannie 
He inemann Prize, given joint ly by the A P S and 
the Amer ican Institute of Physics. 

A l e x a n d e r S k r i n s k y director of the Budker 
Institute of Nuclear Physics in Novosibirsk, 
received the Robert R Wi lson Prize for his 
"major contribution to the invention and 
deve lopment of electron cool ing and for his 
contr ibut ions to the physics of the electron-
positron coll iders at the Budker Institute". 

Alexander Skrinsky (left), seen here with 
APS President William Brinkman, was 
among the recipients of APS awards in 
Albuquerque in April. 

J D a v i d B o w m a n of the Los A lamos 
National Laboratory received the Tom W Bonner 
prize for his " leadership in performing precision 
measurements involving tests of fundamenta l 
symmetr ies , including his studies of parity 
non-conservat ion in compound nuclei" . 

Hampton University's O l i v e r K e i t h B a k e r 
received the Edward A Bouchet prize for his 

"contr ibut ion to nuclear and particle physics; 
for building the infrastructure to do these 
measurements ; and for being active in out
reach activit ies, both locally and nationally". 

A l b e r t o S i r l i n of New York University and 
W i l l i a m J M a r c i a n o of Brookhaven were 
awarded the J J Sakurai prize for their "p io
neering work on radiative correct ions, which 
made precision electroweak studies a power
ful method of probing the Standard Model 
and search ing for new physics" . 

The Joseph A Burton Forum Prize went to 
A d r i a n M e l l o t t of the University of Kansas for 
"his outstanding efforts in helping to restore 
evolution and cosmology to their proper place 
in the K-12 scientif ic curr iculum. As a dist in
guished cosmo log i s tand respected member 
of the clergy, he played a key role in helping 
the people of Kansas reverse their State 
Board of Educat ion's ant i -science act ion" . 

B r u c e K n u t e s o n of the University of 
Chicago won theTanaka Dissertat ion award 
for work on Fermi lab's DO exper iment, and 
J i u n n - W e i C h e n of the University of Mary land 
won the dissertat ion in nuclear physics award . 
J a m e s C e d e r b e r g of St Olaf College in 
Minnesota won the prize for a faculty member 
in an undergraduate institution, and the Leo 
Szilard Lectureship award went to the presi
dent of the federat ion of Amer ican Scient ists, 
H e n r y C K e l l y . 

Part ic ipants in the 30th ITEP and 5th 
Moscow Win te r Schoo l of Physics, held 
outs ide Moscow in February , w rapped up 
w a r m for the tradi t ional g roup pho tograph . 
More than 120 people f rom 15 countr ies 
took part. Lectures f rom the school are 
avai lable at h t t p : / / f a c e . i t e p . r u / w s 2 0 0 2 / . 

T h e US Je f fe rson Lab appo in ted two new di rectors in Apr i l . L i a M e r m i n g a ( le f t ) assumes 
the reins of the Center for A d v a n c e d Studies of Acce le ra to rs , wh ich was founded in 2001 to 
pursue a broad p rog ramme of theoret ica l and exper imenta l research in accelerator and 
beam physics. W a r r e n F u n k becomes director of a new Institute for Superconduc t ing 
Radio-Frequency Sc ience and Techno logy . 
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Solar neutr ino p ioneer R a y m o n d D a v i s w a s awarded the US Nat ional Medal of Sc ience in 
May. Using detectors deep underg round in the Homes take gold mine in South Dakota 
s tar t ing in 1967, Davis was the f irst to detect so lar neutr inos. His measuremen ts revealed 
only one-third of the neutr inos that s tandard theor ies pred ic ted , giv ing rise to the solar 
neutr ino puzzle, whose solut ion has only just been con f i rmed in the fo rm of neutr ino 
osci l lat ion (CERN Courier June p5 ) . Davis f i rst read about neutr inos in 1948, and has 
devoted his life's wo rk to these elusive part ic les. " B a c k t h e n , " he exp la ined, "neut r ino 
physics w a s a brand new f ie ld, but it has capt ivated me now for more than half a century. It 
hasn ' t been work ; it's been f u n . " 

T h e Hungar ian physics commun i t y 
ce lebrated the 75th b i r thday of G e o r g e 
M a r x , a leading f igure in Hungar ian astro
part ic le physics, in May. Beyond his 
personal contr ibut ion to the d iscovery of 
lepton number conservat ion in 1953 and 
the der ivat ion of an ast rophys ica l upper 
bound to neutr ino mass in 1972, Marx 
p layed a key role in s tar t ing the ser ies of 
Neutr ino Conferences ( the f i rst w a s held 
30 years ago at lake Ba la ton) . He w a s also 
a key player in establ ish ing the regional 
cooperat ion in theoret ica l part ic le phys ics 
cal led the B r a t i s l a v a - B u d a p e s t - V i e n n a 
Tr iang le Col laborat ion at the end of the 
1960s. His cease less activi ty in the 
modern izat ion of the high-school sc ience 
cur r icu lum is also wide ly acknow ledged in 
Hungary . T h e celebrat ions took the fo rm of 
a ser ies of lectures on the history and future 
prospects of cosmology, as t rophys ics and 
part ic le physics. Marx ( le f t ) is seen here in 
d iscuss ion wi th R o c k y K o l b of Fermi lab 
and J o h n El l is of C E R N . 

M E E T I N G S 
n 

A W o r k s h o p o n H i g h - P o w e r C o u p l e r s f o r 
S u p e r c o n d u c t i n g A c c e l e r a t o r s will be 
hosted by Jefferson Laboratory on 30 October 
- 1 November. It will be an informal meet ing 
where members of diverse scientif ic, techno
logical and industrial communi t ies can 
explore possibil it ies for advancing the sc i 
ence , engineering and art of cost-effect ive RF 
power coupler des ign, manufacture and use. 
Details are available at h t tp : / /www. j l ab .o rg / 
h p c 2 0 0 2 / ; email hpc2002@jlab.org. 

T h e X V I I n t e r n a t i o n a l C o n f e r e n c e o n 
P a r t i c l e s a n d N u c l e i ( P A N I C 0 2 ) will be 
held on 30 September - 4 October in Osaka , 

J a p a n . Details are available at h t t p : / / w w w . 
rcnp .osaka-u .ac . jp /~pan ic02 . It will be pre
ceded by the 2 n d I n t e r n a t i o n a l W o r k s h o p 
o n N u c l e a r a n d P a r t i c l e P h y s i c s a t t h e 
K E K / J A E R I 5 0 G e V p r o t o n s y n c h r o t r o n , 
which will be held at Kyoto University on 27-29 
September. See h t t p : / /www- jh f . kek . j p /NP02 / . 

A w o r k s h o p o n N e u t r i n o N e w s f r o m t h e 
L a b a n d t h e C o s m o s will be held at Fermilab 
on 17-19 October. It will focus on cosmolog i -
cal and terrestrial probes of neutrino masses 
and mixing, highlighting the implicat ions of 
recent results, and aiming to bring together 
members of the particle and astrophysics 
communi t ies . Emphas is will be placed on the 
interplay and complementar i ty of cosmolog i -

cal and laboratory-based methods. Details 
are at: h t tp : / /www-as t ro - theory . fna l .gov / 
C o n f e r e n c e s / N u C o s m o / . 

A n e x h i b i t i o n o n t h e l i fe a n d w o r k o f 
W e r n e r H e i s e n b e r g will be on display at 
C E R N on 1-23 Ju ly .The exhibit ion was pro
duced in 2001 by the University Archive of 
Leipzig University and the Max-Planck Institute 
in Munich to mark the centenary of 
Heisenberg 's birth (CERN Courier December 
2001 p l 8 ) . A related celebrat ion will take 
place on 18 July, and will include reminis
cences on Heisenberg 's life and work f rom 
his daughter, Barbara B lum; his last post
graduate student, Helmut Rechenberg; and 
CERN's Valent ine Telegdi. 
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ESA hosts second Physics on Stage event 
y 

] J 
ÈÉ 
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Father and son Miguel and Isaac Cabrerizo 

of Spain won the top prize at P0S2 for their 

demonstrations on general physics. 

Physics returned to centre stage in April at the 

Physics on Stage 2 ( P 0 S 2 ) event held at the 

European Space Agency ( E S A ) Space 

Research and Technical Centre in the 

Nether lands. P0S2 fol lows up the huge suc

cess of the first Physics on Stage, which was 

CERN's David Williams (right) learns about 

"the linear elastic medium", presented by 

Elias Kalogirou on the Greek stand. 

held at C E R N in November 2000, and orga

nized by C E R N , ESA and the European 

Southern Observatory .Th is year, three further 

European research organizat ions, the 

European Fusion Development Agreement , the 

European Molecular Biology Laboratory and 

Michael Kobel of Bonn University (standing) 

and CERN's Horst Wenninger discuss 

particle physics with teachers. 

the European Synchrot ron Radiation Facility, 

also took par t .The goal of Physics on Stage is 

to give teachers f rom 22 European countr ies 

the opportuni ty to network and exchange 

ideas and mater ia ls .This year, prizes were 

awarded for the best projects. 

Arr iv ing passengers col lect ing thei r luggage 

at Geneva ' s Cointr in a i rpor t now c o m e face-

to-face wi th a panel bear ing the message 

that C E R N , the wor ld ' s largest part ic le-

physics research laboratory and b i r thp lace 

of the Wor ld W ide W e b , is jus t 5 min away. 

Tha t probably comes as news to mos t of the 

7 mil l ion people w h o pass th rough a i rpor t 

every year. T h e init iative to highl ight C E R N 

at the airport came f rom the cha i rman of its 

board of d i rectors, Geneva s ta te counci l lor 

C a r l o L a m p r e c h t , w h o spent 15 yea rs 

work ing at the laboratory before mov ing 

into polit ics. Lamprech t ( le f t ) inagurated 

the panel on 24 May wi th C E R N director-

genera l L u c i a n o M a i a n i and ai rpor t 

d i rector J e a n - P i e r r e J o b i n . 

V i c t o r S a d o v n i c h y ( le f t ) , rector of the Lomonosov M o s c o w State Universi ty, presented 

A l b r e c h t W a g n e r , chair of the D E S Y board of d i rectors , w i th an honorary doctorate in May. 

T h e univers i ty 's scient i f ic counci l made the award in recogni t ion of Wagne r ' s "p rominen t 

contr ibut ion to the f ield of part ic le physics and to fruitful col laborat ion between the Moscow 

State Univers i ty and the Deutsches E lek t ronen-Synchro t ron" . T h e universi ty is a member of 

D E S Y ' s Z E U S col laborat ion, and is act ive in D E S Y ' s synchro t ron radiat ion p rog ramme. 
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Span ish scient i f ic de legate to C E R N 
Counc i l , M a n u e l A g u i l a r - B e m t e z , read his 
ent rance d isser tat ion ent i t led "Par t ic les 
and Interact ions" at the Span ish Royal 
A c a d e m y of Sc iences on 3 Apr i l . A senior 
scient ist at Spa in 's Research Cent re for 
Energy, Env i ronment and Techno logy , 
C IEMAT, Agui lar -Bemtez is the f irst 
exper imenta l h igh-energy physic ist to enter 
the Academy. 

M i c h e l M a y o r , d i rector of Geneva Observa to ry ( le f t ) , w i th T h i e r r y C o u r v o i s i e r at the 
inaugurat ion of the I N T E G R A L Sc ience Data Cent re ( I S D C ) in Apr i l . Courvo is ier is the ISDC 's 
pr incipal invest igator. Act ing as the inter face be tween the European Space Agency ' s 
Internat ional Gamma-Ray As t rophys ics Labora to ry ( I N T E G R A L ) satel l i te and the research 
communi ty , the ISDC will play an impor tant role in the deve lopment of h igh-energy 
as t rophys ics in the next decade . It wil l receive data cont inuous ly f rom the satel l i te and 
per fo rm a quick f irst- look analys is before distr ibut ing the data around the wor ld . Located 
near Geneva , the ISDC is a t tached to Geneva Observa tory , wh ich is part of Geneva Universi ty. 

C E R N received a visit f rom m e m b e r s of the I ranian par l iament in May. Left to right: 
A l i M o j t a h e d - S h a b e s t a r i , deputy ambassado r of the Is lamic Republ ic of Iran in G e n e v a ; 
C E R N ' s D i e t h e r B l e c h s c h m i d t ; A b d o l - R a h i m B a h a r v a n d and H o s s a i n A m i r i f rom the 
Iranian Par l iament ; N o r b e r t S i e g e l of C E R N ; H o s s a i n A f a r i d e h , R a s o o l S e d d i g h i and 
A h m a d S h i r z a d f rom the Iranian Par l iament . I ranian physic ists are involved in the C M S 
exper iment at C E R N th rough a col laborat ion wi th the Insti tute for Studies in Theore t ica l 
Physics and Mathemat ics in T e h r a n . 

E r i c h L o h r m a n n ( r igh t ) , cha i rman of the 
assoc ia t ion of the f r iends and sponsors of 
G e r m a n y ' s D E S Y laboratory, awarded the 
assoc ia t ion 's prize for an excel lent PhD 
thes is in J u n e . Th is year ' s recipients are 
F l o r i a n G o e b e l ( le f t ) f rom the Univers i ty of 
H a m b u r g for his studies of di f f ract ive 
p rocesses wi th the Z E U S detector, and 
B u r k a r d R e i s e r t f rom the Max-Planck 
Inst i tute for Physics in Munich for his 
measu remen ts on st ructure funct ions at the 
H I detector. 
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R o b e r t E i s e n s t e i n , fo rmer ass is tant 
d i rector for mathemat ica l and physical 
sc iences ( M P S ) at the US Nat ional Sc ience 
Foundat ion ( N S F ) , has s tepped down f rom 
the j ob to spend a year at C E R N as a 
m e m b e r of the A T L A S co l laborat ion. 
E isenste in jo ined the NSF in 1992 and has 
se rved as head of M P S s ince 1997. A 
s taunch suppor te r of US part ic ipat ion in 
C E R N ' s Large Hadron Col l ider project, he 
has been a member of the US delegat ion to 
C E R N Counci l s ince 1997. E isenste in 's 
successor has yet to be n a m e d , but J o h n B 
Hunt of the NSF will fill the posit ion in an 
act ing capaci ty whi le a search is 
conduc ted . 

A f te r more than 30 years of serv ice , H e l e n 
T u c k , seen here wi th theoret ical physic ist 
S t e v e F r a u t s c h i , ret ired f rom Ca l tech 's 
theoret ica l physics group on her 75th 
b i r thday in May. A s secre ta ry to physic ists 
such as Richard Feynman and Murray Gel l -
M a n n , Tuck has enjoyed a pr iv i leged 
posi t ion wi tness ing the evolut ion of modern 
phys ics. So much so that s o m e of her 
memor ies found their way into the recent 
play, QED, and A lan A ida , w h o played 
F e y n m a n , v is i ted Tuck in her of f ice to 
prepare for the part. She saw the play tw ice 
and thought A ida "did a wonder fu l j o b " . 

Latin A m e r i c a n , Por tuguese and Span ish ambassado rs and representa t ives to the 
internat ional organizat ions in Geneva vis i ted LHC magne t test faci l i t ies at C E R N in June . 
Left to right: C E R N ' s J u a n A n t o n i o R u b i o ; G u s t a v o A l b i n of Mex ico ; *Joaquin P é r e z -
V i l l a n u e v a y T o v a r of Spa in ; A l v a r o d e M e n d o n ç a e M o u r a of Por tuga l , C E R N ' s N o r b e r t 
S i e g e l ; J u a n E n r i q u e V e g a and R o d r i g o E s p i n o s a of Chi le ; H o r a c i o E m i l i o S o l a r i of 
Argen t ina ; C E R N ' s J o h n El l is ; and E n r i q u e O c h o a of Mex ico . 

CERN doctor retires with photo record 

m 
CERN resident doctor, Et ienne Maquet (above 
with the CERN medical serv ice team, second 
from left), retires this year. A keen amateur 
photographer, Dr Maquet takes with him a 
photographic record of the laboratory stretch
ing back to 1971, the year he jo ined C E R N . 
These pictures (r ight) , taken in April with J e a n -
Luc Baldy, head of civil engineering at C E R N , 
give an underground snapshot of the status of 
civil engineer ing for the LHC project. 

Top right: the LHC tunnel, inherited from the 
Large Electron Positron collider, is on the 
right. The tunnel on the left will house one of 
the LHC's beam dumps. Middle: emerging 
from the lift in the cavern that will house the 
CMS experiment. On the left is a concrete 
wall, ingeniously built before excavation 
began, that will separate the experimental 
hall from the one that will house services 
supplying the CMS detector. Bottom: light at 
the end of the tunnel. The LHC tunnel 
breaks into the ATLAS experiment's cavern. 
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N i c h o l a s S a m i o s , fo rmer B rookhaven 
director, ce lebrated his 70th b i r thday at the 
laboratory on 16 May. Samios jo ined 
Brookhaven in 1959. He became cha i rman 
of the laboratory 's physics depa r tmen t in 
1975, and was named deputy d i rector for 
h igh-energy and nuclear phys ics in 1981. 
T h e fo l lowing year he w a s appo in ted 
director, a posit ion he held for 15 yea rs . 
Samios is current ly deputy d i rector of the 
R I K E N - B r o o k h a v e n research cent re . His 
career in high-energy physics has seen 
many impor tant contr ibut ions to the f ie ld. 
Ear ly o n , he was involved in exper iments 
that demonst ra ted pari ty v io lat ion in 
hyperon decays. He wen t on to become a 
leading player in many part ic le d iscover ies , 
notably those of the O m e g a minus and the 
f i rst cha rmed baryons . T h e s e d iscover ies 
prov ided impor tant input to the formula t ion 
of Quan tum Chromodynamics and the 
S tandard Mode l . 

C h r i s t i a n S c h e r f ( le f t ) , f o rmer manag ing 
di rector of the Helmhol tz assoc ia t ion 's 
G K S S Research Center, jo ined the D E S Y 
di rectorate wi th responsibi l i ty for 
admin is t rat ion in J u n e . His p redecessor 
H e l m u t K r e c h has moved to the European 
Synchro t ron Radiat ion Facil i ty in Grenob le . 

New director for PSI 

Ralph Eichler, current deputy director and 
head of the particles and matter division of 
Switzer land's Paul Scherrer Institute, has been 
elected by the Swiss Federal Counci l to take 
over the directorship f rom Meinrad K Eber le, 
who retires at the end of June 2002 after 
10 years in the post. Eichler, currently profes
sor of exper imental physics at ETH-Zur ich , is 
pursuing his long-standing interest in h igh-
energy physics with his participation in the H I 
exper iment at Germany 's DESY laboratory, 
where he was former spokesperson of the H1 
Col laborat ion. He also serves as a Swiss 
delegate to CERN Counci l and has just retired 
as cha i rman of the Scientif ic Counci l of DESY. 

France's national institute of nuclear and 
particle physics ( IN2P3) saw two members of 
its management replaced during the last year. 
T h e full t eam now consists of (left to right): 
Marcel L ieuvin, technical deputy director, who 
replaces François Dupont; Guy Wormser , 
scientif ic deputy director responsible for 
quarks and leptons, comput ing, and accelera
tor physics; director Jean-Jacques Aubert ; 
Natalie Grégoire, administrat ive deputy direc
tor; Daniel Guer reau , scientific deputy director 
responsible for nuclear physics, hadronic 
physics, nuclear fuel management and appl i 
cat ions, and the physics-biology interface; 

J o h n D a i n t o n , Professor of Physics at the 
Univers i ty of L iverpoo l , has been elected as 
a Fel low of the Royal Society, London . He 
w a s d is t inguished " for his leading 
contr ibut ion to the unders tand ing of the 
f ine s t ructure of matter, th rough the high-
energy scat ter ing of leptons and photons by 
protons. O n e of his semina l contr ibut ions 
has been in develop ing, th rough 
exper iment , a deeper unders tand ing of 
hadron ic interact ions in te rms of a 
calcu lable gauge theory . " In the ear ly 
1980s, Dain ton wo rked wi th the P L U T O 
col laborat ion at the P E T R A 
e lec t ron -pos i t ron col l ider at D E S Y in 
Hamburg . He then led the UK group in the 
des ign and const ruct ion of the H I detector 
at D E S Y ' s H E R A e lec t ron -p ro ton coll ider. 
F rom 1997 unti l 1999, a per iod dur ing 
wh ich an upgrade w a s def ined, approved 
and begun , he w a s H I col laborat ion 
s p o k e s m a n . He has s ince cont inued to play 
a major role in the exper iment . 

* 1M 
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and Stavros Katsanevas, scientific deputy 
director responsible for neutr ino and astropar
ticle physics, replacing Michel Spiro. 

New faces in the IN2P3 management 
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CERN Courier we lcomes feedback but 
reserves the right to edit letters. Please email 
cern .cour ier@cern.ch. 

C E R N p i o n e e r s 
I read with great interest the article devoted to 
the role played by Amer ican physicists in the 
creat ion, launching and deve lopment of CERN 
(CERN Courier April p l 3 ) . 

You wil l , perhaps, allow me to point out that 
the first Amer ican initiative in this area was 
the work of Robert Oppenhe imer . 

I first met Oppenhe imer and Isidor Rabi in 
the course of my duties as representat ive of 
France to the United Nat ions Commiss ion for 
international control of atomic energy 
(1946-1948) . 

I quickly became friendly with Oppenhe imer 
and his wife, and my wife and I spent many 
weekends at their Princeton house. Here in 
substance is what he told me in the course of 
these get-togethers: "Wha t we know we have 
learnt in Europe, but hencefor th fundamenta l 
research in particle physics will d e m a n d large 
resources which are beyond the scope of 
European countr ies taken individually. It would 
be basically unhealthy for the Europeans to 
have to go to the US or the USSR to be able to 
cont inue contributing to fundamenta l 
research. It is therefore necessary for the 
Europeans to pool their human and f inancial 
resources to give themselves the tools needed 
to pursue research" . 

I organized meet ings between 
Oppenheimer , Pierre Auger, Francis Perrin and 
Lew Kowarski , who came to New York as sc ien
tific advisers in my delegation to the UN 
Commiss ion . Naturally, Rabi w a s in complete 
agreement with Oppenhe imer on this matter. 

On my return to Paris, I undertook a t o u r o f 
European capitals with Francis Perrin to see 
what sort of reception would be given to 

Oppenhe imer 's idea. 
I must say that these approaches, made in 

1949 and 1950, aroused little enthus iasm 
except on the part of Amaldi in Italy, Scherrer 
in Switzer land and Niels Bohr in Denmark . 

This lack of interest was largely due to a 
twofold ret icence, on the one hand that shown 
by governments who , having not the sl ightest 
idea of what was involved, thought in te rms of 
a European atomic bomb project; and on the 
other hand that shown by the many 
researchers for w h o m the plan would have the 
effect of dry ing up the already meagre 
resources al located to their own laboratories. 
It was , as you quite rightly say, the intervention 
by Rabi at the 1950 U N E S C O conference in 
Florence that set things in mot ion. 

If, then , Oppenhe imer was the spiritual 
father of C E R N , it was Rabi at Florence and 
Pierre Auger afterwards who were the midwives. 

Gordon Fraser 's articles showing the inten
sity of co-operat ion that has been establ ished 
between European and Amer ican researchers 
in the f ramework of C E R N , and the fact that 
many Amer ican teams work there, would have 
deeply del ighted Oppenhe imer as well as 
Rabi .Thei r wish was that Europeans would not 
be constrained to cross the ocean to carry out 
advanced research: it seems to.me that the 
co-operat ion as Fraser descr ibes it is estab
lished on a footing of perfect coherence and 
complementar i ty between researchers on the 
two s ides of the ocean . 
François de Rose, president of CERN Council 
1959-1962. 

I n t e l l e c t u a l a t m o s p h e r e 
Maury Tigner 's article (CERN Courier May 
p50) rings t rue. In a t ime of belt-t ightening in 
particle physics, it is interesting to look back 
to the late 1970s when CERN actually had 
slightly more money than it needed to car ry 
out its approved programme.Th is al lowed the 
laboratory to foster the intellectual a tmos

phere in accelerator physics tha tT igner 
speaks of, and to act on one particularly 
imaginat ive idea - Carlo Rubbia's proposal 
for convert ing the newly commiss ioned Super 
Proton Synchrot ron into a proton-ant iproton 
col l ider.This w a s a daring suggest ion. 
Ant iprotons are hard to make and you need a 
lot to get any useful luminosity, so the first 
thing you need is an antiproton factory. 
Moreover, exper ience from CERN's intersecting 
storage rings showed that it could be difficult 
to extract interesting physics at a hadron 
col l ider.The first problem was solved by 
S imon van der Meer's beautiful idea of 
stochast ic cool ing - a prime example of the 
sort of intellectual creativity T igner calls for -
which al lowed ant iprotons to be stacked and 
the beam phase space to be reduced so 
that " dense " bunches of ant iprotons could 
be p roduced. 

Stochast ic cool ing worked superbly, and 
even more surprisingly, the signals f rom both 
Z s a n d W s turned out to be very c lean. The W 
events were so clean because of the novel 
techn ique of missing t ransverse energy used 
to identify and measure t h e W s . T h i s was a 
revolut ionary d iscovery because it killed off 
the old prejudices about hadron coll iders 
being "dirty" and pointed the way to the 
fu tu re .The quickest and cheapest way to 
achieve the h ighest-energy coll isions was with 
hadron coll iders. Fermi lab 'sTevatron took over 
f rom the C E R N coll ider and went on to dis
cover the top quark - it may well make many 
more d iscover ies .The next big exciting steps in 
particle physics will come when CERN's 14TeV 
proton-proton collider, the LHC, starts operat
ing in 2007. 

We can only speculate where our field would 
be today had CERN not been in a posit ion to 
foster and exploit intellectual activity in acceler
ator physics back in the 1970s. I will leave that 
quest ion to historians of alternative histories. 
Tony Weidberg, Oxford University. 
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Oreste Piccioni 1915-2002 
"P inocch io , Niels Bohr called our exper iment 
Pinocchio, the false puppet," expla ined Oreste 
Piccioni in a recent presentat ion to the s tu
dents of the LiceoVirgi l io in Rome, about the 
exper iment he performed with Marcel lo 
Conversi and Ettore Pancini in the s a m e liceo 
during the Second World War. "And nobody 
bel ieved us at first. But our results were crystal 
clear and the paper of Fermi,Tel ler and 
Weisskopf put them in the proper perspect ive: 
the mesotron wasn ' t the particle of Yukawa , 
b u t a new kind of electron-l ike particle." 

Born in 1915 in S iena, Italy, Piccioni gradu
ated f rom the University of Rome in 1938 
under Enrico Fermi. In 1942 he and Conversi 
started a direct precision measuremen t of the 
mesotron lifetime and tests of the behaviour 
of positive and negative mesotrons. Accord ing 
to contemporary theor ies, mesot rons, the 
penetrat ing component of cosmic rays, were 
the mediators of the strong force foreseen by 

Yukawa ; therefore the negative mesotrons had 
to be more likely captured by nuclei , while the 
positive ones (repel led by positively charged 
nuclei } undergo spontaneous decay with 
higher probability. 

After the bombing of the Rome University 
campus in Ju ly 1943, the researchers moved 
to the Liceo Virgil io, near the Vat ican, which 
they hoped would be better protected. "We hid 
ourselves f rom the Nazis until the liberation of 
Rome in June 1944. Working in those days 
required guts . "Then they were jo ined by Ettore 
Pancini , who graduated in Padua with Bruno 
Rossi and was a resistance leader in northern 
Italy. The team used magnet ic lenses to 
dist inguish between positive and negative 
mesotrons and fast electronic ant i-coincidence 
detect ion. "Electronic tubes were not available 
and we had to build them by ourselves."Their 
striking result, publ ished in 1947, d e m o n 
strated that negative mesotrons in light 

Oreste Piccioni 1915-2002. 

absorbers, like carbon, a lmost a lways decayed 
instead of being captured by the positive 
nucleus. The mesotron was not the Yukawa 
particle. Many authors, including Bethe and 
Alvarez, have frequent ly quoted their exper i 
ment as the one marking the origin of modern 

Boyce D McDaniel 1917-2002 
On 8 May 2002 Boyce D McDanie l , emer i tus 
professor and former director of the Cornell 
University Laboratory of Nuclear Studies, died 
of a heart attack at the age of 84 at his home 
in I thaca, New York. 

Mac, as he was known to everyone , came to 
Cornell as a graduate student in 1940 after a 
BA degree at Ohio Wesleyan University and an 
MA at Case School of Appl ied Sc ience. As a 
graduate student of Robert Bacher, he built 
one of the first mult ichannel neutron t ime-of-
flight spectrometers and used it to make 
precision measurements of the energy levels 
of indium. After his Cornell PhD in 1943 he 
spent a few months at MIT as a post-doc and 
the rest of the war years at Los A lamos work
ing on the Manhattan Project. He returned to 
Cornell in 1946 as a faculty member in the 
Depar tment of Physics. 

Mac was a versati le exper imenter in 
nuclear, particle and accelerator physics. He 
worked on each of the Cornel l mach ines , the 
2 MeV cyclotron (the first outside of Berkeley) , 
the 0 .3 ,1 ,2 and 10 GeV electron synchro 
trons, and the Cornell Electron-Posi t ron 
Storage Ring ( C E S R ) . T h e pair spectrometer, 
which he invented for the study of gamma-ray 

• ^ H R m ^ " * ' B a g s ! J§ ' i f ^ ^ H s f i E f 
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Boyce McDaniel as a young man, working at the Cornell 2 MeV cyclotron. 
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particle physics. 

In 1946, Piccioni emigrated to the US, first 

at MIT with Bruno Rossi and then at 

Brookhaven National Laboratory, where he 

developed fast electronic circuitry - reaching 

a resolving t ime of 3 ns in 1954 - and devised 

a magnet ic scheme to eject, steer and focus 

fast proton beams at the Cosmot ron . 

Based on his expert ise in magnet ic opt ics, 

Piccioni suggested a detect ing s c h e m e based 

on quadrupole focusing lenses and t ime-of-

flight measurements to the Berkeley group 

lead by Emilio Segrè hunting for ant iprotons at 

the newly built Bevat ron.The exper iment suc

cessful ly detected ant iprotons in 1955, and 

the ach ievement won Segrè and Chamber la in 

the 1959 Nobel prize. 

In September 1955 Piccioni jo ined Berkeley 

where , with a beautiful exper iment, he d e m o n 

strated the existence of ant ineutrons 

produced by ant iprotons, and detected (by a 

spectrograph containing five quadrupo le 

lenses) two timed-fl ight paths to el iminate 

pions simulat ing ant iprotons. He remained 

transit ions in nuclear react ions, was the s tan

dard instrument for precision g a m m a 

spect roscopy for many years. He w a s a pio

neer in sophist icated t ime-of-f l ight 

measurements and led the first exper iments 

on strange particle photoproduct ion in the 

1950s and 1960s. 

Mac's prowess as a technical problem 

solver and accelerator expert w a s legendary. 

Besides having a vital role in the des ign, 

construct ion and successfu l operat ion of each 

of the Cornell machines, he spent several 

years leading the commiss ion ing of the 

Fermilab accelerator. He was not only a mas

ter at making complex technical sys tems 

work, but also a skilled scientif ic leader. Mac 

served under Bob Wi lson as associate director 

of the Cornell laboratory f rom 1960, b e c o m 

ing director in 1967 when Wi lson left for 

Fermilab. He cont inued and enhanced 

Wi lson 's aggressive do-i t-yourself effort to 

keep Cornell at the forefront of particle 

physics and accelerator deve lopment . In the 

late 1970s he spearheaded the effort to 

extend the reach of the 10 GeV synchrot ron by 

adding an electron-posi t ron storage ring in 

the same tunne l .The ve ry successfu l CESR 

run of the past 23 years and the s imul taneous 

exploitation of the by-product X-ray radiation 

by the C H E S S laboratory could not have hap-

proud of this d iscovery: "Eve rybody was con 

v inced of the existence of ant iprotons since 

the d iscovery of positrons in 1932, for rea

sons of symmetry , and it was only a quest ion 

of an accelerator with the necessary energy. 

On the other s ide, there were much less c o m -

pel l ing.reasons for an antiparticle of the 

neutron, being electrically neutral" . 

Af terwards, Piccioni turned his attention to 

the puzzling propert ies of neutral kaons. Wi th 

Ab raham Pais, he developed the theory of 

" regenerat ion" of kaons: since the long- l ived 

K L is a superposi t ion of K° and K°, the crossing 

of matter will upset the fine balance between 

the two ampl i tudes and therefore what will 

emerge will not be a pure K L but a superpos i 

tion of K L and of the short - l ived K s . With the 

help of a powerful Berkeley t eam, Piccioni 

exper imental ly conf i rmed the regenerat ion 

predict ion. 

At CERN at the end of 1960, Piccioni co l 

laborated in the construct ion of the first 

secondary beam of ant iprotons; his was the 

analogue computer used for studying the 

pened wi thout Mac's crucial leadership in the 

early years. He would always be pitching in 

where the need was greatest - in .the accelera

tor tunnel , the control room, the machine 

shop , or in Washington. Nothing was left to 

chance. 

After his nominal retirement in 1985, Mac 

cont inued to serve the laboratory and the 

high-energy physics community. At CESR he 

took an active role in upgrade projects, 

designing and installing magnets and instru

mentat ion, participating in control room 

accelerator dynamics exper iments, building 

things and making them work. Other laborato

ries and agencies relied on Mac for his 

w isdom and exper ience. He served as trustee 

of Assoc ia ted Universit ies Inc. (Brookhaven) 

and of Universit ies Research Associat ion 

(Fermi lab) . He served on ICFA and HEPAP and 

w a s cha i rman of the board of overseers of the 

S S C . He helped guide many other projects for 

the N S F a n d DOE. 

Mac's col leagues at Cornell and high-

energy physicists everywhere will greatly miss 

his technical skills, leadership, w i sdom, 

k indness, and his unselfish efforts for the 

general good. 

Mac is surv ived by his wife J a n e , daughter 

Gail and son J i m . A memorial get-together is 

being p lanned for the au tumn. 

optics of the b e a m , based on magnet ic 

deflectors and quadrupoles. Also in 1960, he 

became a professor at the University of 

California at San Diego ( U C S D ) , where he 

founded the exper imental particle physics 

group, which is involved in major exper iments 

wor ldwide. He retired f rom UCSD in 1986, 

becoming a professor emeri tus, and devoted 

himself to working on the foundat ions of 

quan tum mechan ics . 

Piccioni felt he had been depr ived of recog

nition for contr ibut ions to the discovery of the 

ant iproton, and in 1972 he sued the two prize-

w inne rs .The courts d ismissed the lawsuit, 

saying it had been filed too late. His chal lenge 

to the establ ishment tr iggered discussions in 

the scientif ic communi ty on the social aspects 

of research and on professional ethics. 

Oreste Piccioni died on 13 April at his home 

in Rancho Santa Fe, Cali fornia. Our c o m m u 

nity has lost a combat ive pioneer in particle 

physics, a highly skil led experimental ist and a 

brilliant and creative genius. 

Alessandro Pascolini, INFN Padua. 

Going 

to work 

at CERN? 

For informat ion, contact 

Users.Office@cern.ch 
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Have your say on CERN Courier 
Our reader survey is coming up in the September issue. It will be your 
opportunity to let us know what you already like about the magazine and 
what you think we could improve so that we can better serve your needs. 

You can either complete the survey on paper or online at 
www.cerncourier.com. 

Fill in the survey and you will enter our f ree pr ize draw to win 
£100 wor th of Amazon v o u c h e r s ! 

www.cerncourier.com 

Saint-Gobain Crystals & Detectors... 
Where Ideas Materialize™ 

M a t e r i a l a n d p r o d u c t i m p r o v e m e n t a r e o n g o i n g p u r s u i t s . T h e a d d i t i o n 

o f C Z T t o o u r m a t e r i a l a l t e r n a t i v e s a n d t h e e v o l u t i o n o f a r r a y d e t e c t o r 

t e c h n o l o g y t o p r o v i d e p i x e l s a s s m a l l a s 0 3 m m f o r B G O a n d 1 . 0 m m 

f o r N a l ( T I ) a r e j u s t a f e w o f o u r d e v e l o p m e n t s . L e t u s s h a r e s o m e o f 

o u r i d e a s w i t h y o u . 

• Plastic scint i l lators (special f o r m u l a t i o n s , cast sheets u p t o 5 m e t e r s long) 

* Plastic scint i l lat ing f ibers (square a n d r o u n d cross sect ions, 250Ltm t o 5 m m ) 

• S t a n d a r d a n d c u s t o m scint i l la t ion detectors a n d arrays us ing t h e scinti l lator 
best su i ted f o r y o u r app l i ca t ion : Nal(TI) , Csl(TI), Csl(Pure), Csl(Na), B G O , YAP(Ce) 

• Gas- f i l led rad ia t ion de tec tors ( p r o p o r t i o n a l counters a n d G-AA tubes) 

Saint-Gobain Crystals & Detectors manufactures 
Bicron* and Crismatec® brand scintillation detectors. 

For P last ic S c i n t i l l a t o r s 

In U S A - Te l : +1 440-564-2251 
In E u r o p e - Te l : +31 (35) 60 29 700 

In J a p a n - Te l : +81 (45) 474 5786 

For G a s - F i l l e d T u b e s 

In U S A - Te l : +1 713-973-9461 
In E u r o p e - T e l : +44 (208) 309 9021 

In J a p a n - Te l : +81 (45) 474 5786 

For S c i n t i l l a t i o n  
C r y s t a l s a n d D e t e c t o r s 

In E u r o p e -
T e l : + 3 3 (0)1 64 45 10 10 
e - m a i l : c u s t o m e r s e r v i c e 

@ c r i s m a t e c . s a i n t - g o b a i n . c o m 

Vis i t o u r w e b site: 
h t t p : / / w w w . d e t e c t o r s . s a i n t - g o b a i n . c o i 

SAINT-GOBAIN 
C R Y S T A L S & D E T E C T O R S 

http://www.cerncourier.com
http://www.cerncourier.com
http://www.detectors.saint-gobain.coi


RECRUITMENT 
Fo r a d v e r t i s i n g e n q u i r i e s , c o n t a c t C E R N C o u r i e r r e c r u i t m e n t / c l a s s i f i e d , I 0 P P u b l i s h i n g L t d , D i r a c H o u s e , T e m p l e B a c k , B r i s to l B S 1 6 B E , U K . 

T e l . + 4 4 1 1 7 9 3 0 1 1 9 6 . F a x + 4 4 1 1 7 9 3 0 1 1 7 8 . 

R a t e s p e r s i n g l e c o l u m n c e n t i m e t r e : m o n o £ 3 6 , s i n g l e c o l o u r £ 3 8 , fu l l c o l o u r £ 4 0 . P l e a s e c o n t a c t u s f o r m o r e i n f o r m a t i o n o n p u b l i c a t i o n d a t e s a n d d e a d l i n e s . 

Reactor Physicist 
Dungeness A Power Station, Kent 

£27,000 - £40,000 + benefits, 
depending upon qualifications and experience 

Success is the 
only option 

T h e r e a r e a n u m b e r o f r e a s o n s w h y B N F L h a s b e e o m e a g l o b a l r o l e m o d e l f o r t h e n u c l e a r 

p o w e r i n d u s t r y . W e w o r k t o t h e h i g h e s t p o s s i b l e s a f e t y s t a n d a r d s . W e ' r e u n r i v a l l e d f o r o u r 

e f f i c i e n c y . A n d w e m a n a g e t o c o m b i n e t h e s e t w o v i t a l a s p e c t s o f o u r s e r v i c e i n a 2 4 / 7 , 3 6 5 d a y 

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

T h i s a p p r o a c h i s t y p i f i e d a t D u n g e n e s s A , a t w i n r e a c t o r n u c l e a r p o w e r s t a t i o n , a n d p a r t o f 

B N F L M a g n o x G e n e r a t i o n , t h e e l e c t r i c i t y g e n e r a t i o n b u s i n e s s o f B N F L . T h i s i s y o u r c h a n c e 

t o p l a y a v i t a l r o l e i n o u r u n r i v a l l e d s e r v i c e d e l i v e r y . A s a R e a c t o r P h y s i c i s t , y o u ' l l b e p a r t o f 

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

u t i l i s a t i o n , f a u l t a n a l y s i s a n d s a f e t y c a s e m a n a g e m e n t . 

A s a w o r l d c l a s s c o m p a n y , w e e x p e c t a w o r l d c l a s s p e r f o r m a n c e . O f c o u r s e , w e ' l l c o m p l e m e n t 

y o u r e x i s t i n g s k i l l s a n d e x p e r i e n c e w i t h t a r g e t e d , o n g o i n g t r a i n i n g , b u t w e w a n t y o u t o a d o p t 

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

c h a l l e n g e a n d s e e k o u t r e s p o n s i b i l i t y . T o p o s i t i o n y o u r s e l f a s a h i g h p r o f i l e s o u r c e o f 

e x p e r t i s e a n d a d v i c e . 

W i t h a d e g r e e o r e q u i v a l e n t i n P h y s i c s , M a t h e m a t i c s o r E n g i n e e r i n g , y o u ' l l n e e d a t l e a s t 

4 y e a r s ' e x p e r i e n c e i n a n e n v i r o n m e n t t h a t r e q u i r e s a s i m i l a r c a p a c i t y t o d e v i s e s o l u t i o n s t o a 

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

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

b e f u l l y s u p p o r t e d . 

T o a p p l y , p l e a s e t e l e p h o n e o u r P e r s o n n e l O f f i c e o n ( 0 0 4 4 ) 1 7 9 7 3 4 3 1 1 2 o r e m a i l 
y r k i n c h i n l ( t f m a g n o x . c o . u k . T h e final d a t e f o r r e q u e s t i n g a p p l i c a t i o n p a c k s i s 2 . 0 0 p m 
M o n d a y 2 2 n d J u l y . C l o s i n g d a t e f o r r e c e i p t o f c o m p l e t e d a p p l i c a t i o n f o r m s i s 2 9 t h J u l y 2 0 0 2 . 

V i s i t u s a t w w w . b n f l . c o m 

MICROELECTRONIC ENGINEER 
The Centre de Physique des Particules de Marseille (CPPM) develops 

integrated circuits specifically to be used in particle physics, image 

processinj^a,nd particle trajectory is recruiting an: 

AS ICs De 
II have several 

sign Engineer 
You will h a v e several years' experience in full custom analogue design in various 

technologies, you will be in charge of projects developing specific ASICs for the whole of 

our applications: technical specifications, design, technical collaboration with the foundry, 

validation, test and qualification. 

You will hold an outstanding degree or a PhD in engineering, and you will be able to lead 

a team of analogue microelectronic designers. 

You will have several years' experience and proven team building qualities as well as a 

critical and inquisitive nature. Knowledge of written and spoken English is indispensable. 

Salary to be agreed. 

Please apply in writing by sending your CV and covering letter and salary expectations to: 

Françoise Amat - CPPM - 163 Avenue de Luminy - Case 907 - 13288 Marseille Cedex 9 

I 

T h e U C L A D e p a r t m e n t o f P h y s i c s a n d A s t r o n o m y 

invites applications for an appointment at the 

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

T h e s e a r c h for filling t h i s t e n u r e - t r a c k p o s i t i o n i s a i m e d t o w a r d f ind ing a 
s u p e r i o r p h y s i c i s t w i th i n t e r e s t s a n d d e m o n s t r a t e d e x p e r t i s e in e x p e r i m e n t a l 
a n d / o r c o m p u t a t i o n a l a s p e c t s o f f r e e - e l e c t r o n l a s e r s . H o w e v e r , c a n d i d a t e s in 
o t h e r a r e a s o f i n t e r e s t t o t h e U C L A p r o g r a m in b e a m p h y s i c s will b e 
c o n s i d e r e d . T h e s e a r e a s i n c l u d e p a r t i c l e b e a m a n d e l e c t r o m a g n e t i c r a d i a t i o n 
i n s t r u m e n t a t i o n , n o v e l x - r a y s o u r c e s , h i g h i n t e n s i t y b e a m p h y s i c s , b e a m -
p l a s m a i n t e r a c t i o n a n d a d v a n c e d a c c e l e r a t i o n t e c h n i q u e s . T h e s u c c e s s f u l 
c a n d i d a t e will b e e x p e c t e d t o c o n d u c t a v i g o r o u s r e s e a r c h p r o g r a m , 
c o m p l e m e n t i n g t h e e x i s t i n g s t r e n g t h s in p a r t i c l e b e a m p h y s i c s a t U C L A . 

A p p l i c a t i o n s , a d d r e s s e d t o 

P r o f e s s o r C laud io Pe l legr in i , Chair , 
U C L A Depar tment of P h y s i c s and A s t r o n o m y , 
405 Hi lgard A v e . , L o s A n g e l e s , C A 90095-1547, 

will b e a c c e p t e d until S e p t e m b e r 1 , 2 0 0 2 
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Z u k u n f t beginnt bei uns 
RHEINISCH-
W E S T F Â L I S C H E 
T E C H N I S C H E 
H O C H S C H U L E 
A A C H E N 

Die RWTH ist mit ca. 30.000 Studierenden und ca. 10.000 

Beschaftigten eine der grôfôtenTechnischen Hochschulen Europas 

und die grôftte Arbeitgeberin und Ausbilderin in der Region. Lehre 

und Forschungsind international, innovativ, industrienah und 

fachubergreifend ausgerichtet. 

C3-Universitatsprofessur 
H o c h e n e r g i e p h y s i k 

( N a c h f o l g e P r o f . Dr . C h . B e r g e r ) 

Faku l tà t fu r M a t h e m a t i k , I n f o r m a t i k und 

N a t u r w i s s e n s c h a f t e n 

Zum 01.03.2004 wird eine Person I ichkeit gesucht, die dieses Fach 

in Forschung und Lehre vertritt. Besonders erwunscht sind 

Erfahrungen auf dem Gebiet der experimentellen Elementar-

teilchenphysik oder der Astroteilchenphysik. Die Stelle ist am I. 

Physikalischen Institut angesiedelt. In der Forschung liegen die 

Arbeitsschwerpunkte beim Aufbau des AMS-Experimentes fur die 

internationale Raumstation ISS, beim Aufbau des CMS-Experimentes 

am CERN und bei der P lanungfurTESLA am DESY. Es ist erwunscht, 

dièse Aktivitâten zu verstarken und zu erganzen. Zu den 

Lehrverpflichtungen gehôrt neben der Ausbildung in der Physik auch 

die Beteiligung an der Ausbildung von Studierenden der Natur- und 

Ingenieurwissenschaften. 

Voraussetzung ist ein abgeschlossenes Universitatsstudium, 

Promotion, Habilitation oder gleichwertige wissenschaftliche 

Leistungen sowie didaktische Fàhigkeiten. 

Ihre schriftliche Bewerbung richten Sie bitte bis zum 31.08.2002 an 

den Dekan der Fakultàt fur Mathematik, Informatik und 

Naturwissenschaften , Herrn Prof. Dr. A. Krieg, RWTH Aachen, 

Templergraben 55, D-52062 Aachen. 

Die RWTH strebt eine Erhôhung des Frauenanteils an wissenschaft-

lichem Personal an. Auf § 8 Abs.6 Landesgleichstellungsgesetz NW 

(LGG) wird verwiesen. 

Bewerbungen Schwerbehinderter sind erwunscht. 

INSTRUMENTATION ENGINEER 
Y o u wil l have severa l y e a r s ' e x p e r i e n c e in d e v e l o p i n g large sc ient i f ic 

m a c h i n e r y a n d in e x p e r i m e n t a l m e a s u r e m e n t s . Y o u wil l be in cha rge 

of des ign ing , tes t ing and ana l ys i ng the resul ts dur ing the a s s e m b l y 

of s u b a s s e m b l i e s of par t ic le phys ics de tec to rs . 

Y o u will h o î d a d e g r e e or a P h D in eng inee r i ng ; you will have sol id k n o w l e d g e of 

phys i cs p h e n o m e n a , C E M p r o b l e m s , low no i se e lec t ron ics a n d a s s o c i a t e d i ssues 

tha t wil l e n a b l e y o u to w o r k in c l ose co l l abo ra t i on w i th phys ic is ts a n d 

e lec t ron ic e n g i n e e r s . 

A Marse i l le b a s e d post , t he role requ i res f r e q u e n t f ie ld v is i ts . A c o m m a n d of the 

Eng l i sh l anguage is m a n d a t o r y in o rde r to c o m m u n i c a t e w i th an in te rna t iona l t e a m . 

S a l a r y to be a g r e e d . 

P lease app l y in wr i t ing by s e n d i n g y o u r C V a n d cove r ing letter a n d s a l a r y 

expec ta t i ons to : F r a n ç o i s e A m a t - C P P M - 163 A v e n u e d e L u m i n y -

C a s e 9 0 7 - 1 3 2 8 8 M a r s e i l l e C e d e x 9 

FACULTY POSITIONS IN 
EXPERIMENTAL 
SUBATOMIC PHYSICS 
T h e D e p a r t m e n t of Phys ics at t he Un ivers i ty of A lbe r ta invi tes 

app l i ca t ions for t w o pos i t ions in expe r imen ta l s u b a t o m i c phys ics w i th a 

s tar t ing da te of 1 J u l y 2 0 0 3 . T h e s e c o n d pos i t ion is d e p e n d e n t on 

es tab l i sh ing f und ing . T h e s e pos i t ions wil l be at t he ass is tan t or 

assoc ia te p ro fesso r leve l . O u t s t a n d i n g c a n d i d a t e s cou ld be h i red at t he 

assoc ia te p ro fesso r level w i th t e n u r e . W e are in teres ted in c a n d i d a t e s 

w h o have leadersh ip potent ia l a n d an exce l len t record of r e s e a r c h . 

T h e s e qual i t ies p lus abi l i ty a n d in terest in t each ing at the 

u n d e r g r a d u a t e a n d g radua te levels will cons t i tu te the p r ima ry 

se lec t ion cr i ter ia. 

O u r cu r ren t p r o g r a m of e x p e r i m e n t a l r esea rch is f o c u s e d in t h ree a r e a s : 

co l l ider phys ics at C E R N ( O P A L a n d A T L A S ) , f ixed target e x p e r i m e n t s 

( H E R M E S at D E S Y , T W I S T a t T R I U M F a n d ISAC a t T R I U M F ) a n d 

as t ropar t ic le phys i cs (A lbe r ta Large A r e a T i m e Cor re la t ion Ar ray a n d 

S T A C E E in N e w M e x i c o ) . Potent ia l c a n d i d a t e s m a y f ind add i t iona l 

in fo rmat ion a b o u t ou r resea rch p rog ram at h t t p : / / c s r . p h y s . u a l b e r t a . c a 

All qua l i f ied c a n d i d a t e s are e n c o u r a g e d to app ly ; however , C a n a d i a n s 

a n d p e r m a n e n t res iden ts wil l b e ^ i v e n priority. 

If su i tab le C a n a d i a n c i t izens or p e r m a n e n t res iden ts c a n n o t be f o u n d , 

o the r ind iv idua ls wil l be c o n s i d e r e d . 

T h e c los ing da te for app l i ca t i ons is 1 S e p t e m b e r 2 0 0 2 . App l i can t s 

s h o u l d s e n d a cu r r i cu lum v i tae , a resea rch p lan , a n d a descr ip t ion of 

t e a c h i n g e x p e r i e n c e a n d in teres ts . T h e app l i can ts mus t a r range to have 

at least t h ree conf ident ia l let ters of re fe rence sen t to the a d d r e s s below, 

on or be fo re S e p t e m b e r 1 , 2 0 0 2 : 

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 S e a r c h a n d S e l e c t i o n C o m m i t t e e 

Dr. J . C . S a m s o n , C h a i r 

U n i v e r s i t y of A l b e r t a 

4 1 2 A v a d h B h a t i a P h y s i c s L a b o r a t o r y 

E d m o n t o n , A l b e r t a T 6 G 2 J 1 , C a n a d a 

F a x : ( 7 8 0 ) 492 -0714 

E m a i l : d e p t @ p h y s . u a l b e r t a . c a 

T h e records ar is ing f r om th is compe t i t i on wil l be m a n a g e d in 

a c c o r d a n c e wi th the p rov is ions o f the A lbe r ta F r e e d o m of In fo rmat ion 

a n d Pro tec t ion of Pr ivacy A c t ( F O I P P ) . 

T h e Un ivers i ty of A lbe r ta h i res o n the bas is of meri t . W e are c o m m i t t e d 

to the pr inc ip le of equ i t y in e m p l o y m e n t . W e w e l c o m e d ivers i ty a n d 

e n c o u r a g e app l i ca t ions f r o m all qua l i f ied w o m e n a n d m e n , inc lud ing 

p e r s o n s wi th d isabi l i t ies, m e m b e r s of v is ib le minor i t ies , a n d 

Abor ig ina l p e r s o n s . 

Cyc lo t ron Texas A&M 

Inst i tute U n l v e r s , t y 

Accelerator or Ion-Source Physicist 
T h e C y c l o t r o n I n s t i t u t e o f T e x a s A & M U n i v e r s i t y is s e e k i n g a p h y s i c i s t w i t h a 

b a c k g r o u n d in a c c e l e r a t o r s a n d / o r i on s o u r c e s f o r e i t h e r a p e r m a n e n t o r 

v i s i t i n g a p p o i n t m e n t . T h e p r o s p e c t i v e c a n d i d a t e w o u l d p a r t i c i p a t e in 

d e v e l o p m e n t w o r k r e l e v a n t t o t h e r a d i o a c t i v e - b e a m u p g r a d e o f t h e l a b o r a t o r y 

fac i l i t y . O f p a r t i c u l a r i n t e r e s t w o u l d b e p e r s o n s e x p e r i e n c e d w i t h i on g u i d e s , 

E C R i on s o u r c e s , a n d p r o d u c t i o n o f r a d i o a c t i v e i s o t o p e s v i a h i g h - e n e r g y i on 

b e a m s . T h e C y c l o t r o n I n s t i t u t e is a r e s e a r c h fac i l i t y f o r n u c l e a r p h y s i c s a n d 

n u c l e a r c h e m i s t r y b a s e d a r o u n d a K 5 0 0 s u p e r c o n d u c t i n g c y c l o t r o n a n d t w o 

E C R i on s o u r c e s c a p a b l e o f p r o v i d i n g a v a r i e t y o f e n e r g e t i c h e a v y - i o n b e a m s 

f o r e x p e r i m e n t s . C o n s u l t t h e C y c l o t r o n I n s t i t u t e w e b p a g e a t 

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

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

D r . J o s e p h N a t o w i t z o r D r . D o n a l d M a y , T e x a s A & M U n i v e r s i t y , 

C y c l o t r o n I n s t i t u t e , C o l l e g e S t a t i o n , T X U S A 7 7 8 4 3 - 3 3 6 6 . 
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Job Opportunities on tf%didfTIOnd 
The Diamond synchrotron light source is the largest scientific facility to be built in the UK for over thirty years and will be located at Rutherford Appleton 
Laboratory in Oxfordshire. The Diamond facility will consist of three accelerators - a 100 MeV linac, a 3 GeV booster synchrotron and a 562m circumference 
3 GeV storage ring. Diamond should be operational towards the end of 2006 with an initial complement of 7 synchrotron radiation beamlines. 
DLS Ltd have a number of openings for physicists and engineers of different grades within the Diamond Technical Division, which has responsibility for 
the buildings, accelerators, beamline front-ends and insertion devices. 

Group Leader / Senior Positions 

VN2270: 
VN2271: 
VN2272: 
VN2273: 

VN2274: 

VN2275: 

VN2276: 
VN2277: 
VN2278: 
VN2279: 

Accelerator Physics 
Magnets 
Insertion Devices 
Pulsed Magnets and 
Power Supplies 
Radio-frequency and 
Linac Syste'ms 
Beam Diagnostic and 
Feedback Systems 
Power Converters 
Geodesy and Alignment 
Heath Physics 
Electrical Engineering 

Other Positions 

VN2280: 
VN2281: 

VN2282 

VN2283: 

Systems engineers 
Personnel safety 
systems engineer 
Magnet systems 
engineer/physicist 
Accelerator physicist 

Successful candidates for all posts are likely to have academic qualifications at first degree level in an appropriate physics or engineering discipline, 
an appropriate degree of relevant experience for the position in question (preferably in an accelerator environment), self motivation, ability to work 
effectively in a team and good interpersonal and communication skills. Group leaders will also be expected to have good project and people 
management skills. • 
Salary on appointment will be made on the following scales (currently under review), depending on qualifications and experience: 

0& Group Leader / Senior positions: £31,500 - £43,310. In certain cases exceptional candidates with broader experience and able to take on 
a wider range of responsibilities may be considered for appointment on a scale £39,040 - £53,680. Candidates with less experience but able 
to take on the full responsibilities of Group Leader in due course may also be considered for appointment on a scale £25,900 - £35,620. 
Other positions: £20,410 - £28,060 or £25,900 - £35,620, depending on qualifications and experience. 

For an informal discussion about any of these posts please contact Dr. R. P. Walker, Diamond Technical Director, tel.: +44-(0)1235-446212, 
e-mail: r.p.walker@rl.ac.uk 
Further information about these and future posts, and how to apply, is available from our web site at: http://www.diamond.ac.uk or can be obtained 
from: HR Operations, Human Resources Division, Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire, 0X11 OQX. 
Telephone (01235) 445435 (answerphone) or email recruit@rl.ac.uk quoting the appropriate VN number. 

Applications should be returned by Friday 12th July 2002 

FELLOWSHIP IN EXPERIMENTAL 

HIGH ENERGY NUCLEAR PHYSICS 

T h e L a w r e n c e B e r k e l e y N a t i o n a l L a b o r a t o r y ' s N u c l e a r S c i e n c e D i v i s i o n is 

s e e k i n g a sc ien t i s t w i t h o u t s t a n d i n g p r o m i s e a n d c rea t ive abi l i ty in t h e field 

of e x p e r i m e n t a l h i g h e n e r g y n u c l e a r p h y s i c s . T h e a p p o i n t m e n t w i l l b e as 

D i v i s i o n a l F e l l o w for a t e r m of five y e a r s w i t h t he e x p e c t a t i o n of p r o m o 

t ion to S e n i o r Sc ien t i s t . T h e success fu l c a n d i d a t e wi l l h a v e severa l y e a r s of 

e x p e r i e n c e b e y o n d t h e P h D in n u c l e a r o r pa r t i c l e p h y s i c s a n d wi l l b e 

e x p e c t e d to a s s u m e a l e a d e r s h i p r o l e in t h e Re la t iv i s t i c N u c l e a r C o l l i s i o n s 

( R N C ) P r o g r a m at L B N L . 

T h e R N C g r o u p h a s a k e y r o l e in t h e S T A R e x p e r i m e n t at the Re la t iv i s t i c 

H e a v y I o n C o l l i d e r ( R H I C ) at B r o o k h a v e n N a t i o n a l L a b o r a t o r y . T h e g r o u p 

c u r r e n t l y h a s a s t rong p h y s i c s p r o g r a m in n u c l e u s - n u c l e u s co l l i s i ons at 

R H I C a n d i n t e n d s to b e c o m e a m a j o r p l a y e r in sp in p h y s i c s . C a n d i d a t e s 

h a v i n g a n in te res t in sp in p h y s i c s at R H I C a re e n c o u r a g e d to app ly . 

A p p l i c a n t s a re r e q u e s t e d to e m a i l a c u r r i c u l u m v i t ae , l is t of p u b l i c a t i o n s , 

s t a t e m e n t of r e s e a r c h in te res t s , a n d 

t h e n a m e s of at l eas t five r e f e r e n c e s , ^ 

n o la ter t h a n O c t o b e r 1, 2 0 0 2 , to 

a f n s e m p l o y m e n t @ l b l . g o v . P l e a s e ref

e r e n c e j o b n u m b e r A F / 0 1 4 9 4 6 / J C E R N 

in y o u r c o v e r letter. L B N L is an 

E E O / A A e m p l o y e r . B e r k e l e y L a b 

M c G i l l 
Research Associa te Posi t ion in 

Exper imen ta l Suba tomic Physics 

T h e M c G i l l U n i v e r s i t y H i g h E n e r g y P h y s i c s g r o u p i n v i t e s a p p l i c a t i o n s 
f o r a p o s i t i o n o f R e s e a r c h A s s o c i a t e i n t h e Z E U S e x p e r i m e n t a t H E R A . 

A b r o a d r a n g e o f p r o c e s s e s is u n d e r i n t e n s e s t u d y i n d e e p i n e l a s t i c 
s c a t t e r i n g , p h o t o p r o d u c t i o n a n d Q C D p h e n o m e n a . T h e M c G i l l g r o u p is 

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

C a n d i d a t e s m u s t h a v e a r e c e n t P h . D . i n p a r t i c l e p h y s i c s w i t h e x p e r i e n c e 
i n d e t e c t o r s a n d d a t a a n a l y s i s . H e o r s h e is e x p e c t e d t o p l a y a n a c t i v e 

r o l e i n o n e o f t h e Z E U S p h y s i c s g r o u p s . T h e i n i t i a l t e r m o f t h e 
a p p o i n t m e n t w i l l b e o n e y e a r , r e n e w a b l e y e a r l y b y m u t u a l a g r e e m e n t 

a n d s u b j e c t t o f u n d i n g . T h e s a l a r y w i l l b e d e t e r m i n e d b y t h e s u c c e s s f u l 
a p p l i c a n t ' s e x p e r i e n c e . T h e p o s i t i o n w i l l b e b a s e d a t DESY, i n H a m b u r g , 
G e r m a n y I n t e r e s t e d i n d i v i d u a l s s h o u l d s e n d a C V a n d h a v e t h r e e l e t t e r s 

o f r e f e r e n c e s e n t b e f o r e 1s t A u g u s t 2 0 0 2 t o : 

P r o f . F r a n ç o i s C o r r i v e a u 
P h y s i c s D e p a r t m e n t , M c G i l l U n i v e r s i t y 

M o n t r é a l , Q C , H 3 A 2 T 8 , C a n a d a 

I n a c c o r d a n c e w i t h C a n a d i a n i m m i g r a t i o n r e g u l a t i o n s , p r i o r i t y w i l l b e 
g i v e n t o C a n a d i a n c i t i z e n s a n d p e r m a n e n t r e s i d e n t s . All q u a l i f i e d 

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

P l e a s e c o n t a c t c o r r i v e a u @ p h y s i c s . m c g i l l . c a f o r m o r e i n f o r m a t i o n . 

A p p l i c a t i o n s w i l l c o n t i n u e t o b e t a k e n u n t i l t h e p o s i t i o n is f i l l ed . 

McGill University is committed to equity in employment. 
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Postdoc and Research Faculty Positions 
in Particle/Astrophysics 

National Taiwan University 
T h e N a t i o n a l T a i w a n U n i v e r s i t y H E P ( N T U H E P ) g r o u p h a s s e v e r a l p o s t d o c 
p o s i t i o n s a v a i l a b l e i m m e d i a t e l y , o r s t a r t i n g A u g u s t . W e s e e k e n e r g e t i c p e r s o n s 
t o w o r k o n 1) B e l l e a n a l y s i s , o r 2 ) m a i n t a i n i n g o u r E F C s u b d e t e c t o r o r B e l l e 

S V D 2 s u b s y s t e m , o r 3 ) C M S P r e s h o w e r e l e c t r o n i c s , o r 4 ) a n o v e l n e u t r i n o 
t e l e s c o p e ( N u T e l ) . E x p a n s i o n i n t o p a r t i c l e a s t r o p h y s i c s is p l a n n e d . 

N T U H E P is a m a j o r p l a y e r i n r a r e d e c a y s a n d C P v i o l a t i o n s t u d i e s a t B e l l e , 
c o n t r i b u t i n g s o f a r K p i O , e t a p r i m e K , c o l o r s u p p r e s s e d a n d r a r e b a r y o n e t c . 
m e a s u r e m e n t s o r first o b s e r v a t i o n s . W e a r e a l s o a c t i v e i n t w o p h o t o n p h y s i c s . 
W e a r e f u l l y r e s p o n s i b l e f o r C M S P r e s h o w e r M o t h e r b o a r d , a n d h a v e s t a r t e d 
N u T e l d e s i g n b a s e d o n P M T r e a d o u t t o w a r d s " s e e i n g A G N / G C t h r o u g h a 

m o u n t a i n " ( h t t p : / / h e p l . p h y s . n t u . e d u . t w / v h e n t w / S u m m a r y . t x t ) . U n d e r a n e w 
a g g r e s s i v e e x p a n s i o n p l a n a i m e d a t d e v e l o p i n g t h e e x p e r i m e n t a l a r m o f t h e 

N T U A s t r o p h y s i c s I n s t i t u t e , w e a r e v e n t u r i n g i n t o g a m m a r a y a s t r o p h y s i c s , 
w h e r e , i f a p p r o v e d , w e w i l l j o i n t h e G L A S T s p a c e t e l e s c o p e p r o j e c t w h i c h 

w o u l d a l l o w f o r m a n y m o r e p o s i t i o n s . 
W e s e e k q u a l i f i e d c a n d i d a t e s w i t h a P h . D . d e g r e e i n e x p e r i m e n t a l p a r t i c l e ( o r 

c o s m i c r a y a n d a s t r o p a r t i c l e ) p h y s i c s . F l e x i b l e a r r a n g e m e n t s c a n b e 
a c c o m m o d a t e d b e t w e e n B e l l e o r C M S o r N u T e l , h a r d w a r e o r a n a l y s i s . A 

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

j o i n t h e n e w G L A S T e f f o r t . T h e i n t e r e s t e d p e r s o n s h o u l d s e n d C V , 
P u b l i c a t i o n s , a n d 2 r e f e r e n c e l e t t e r s ( s e n t d i r e c t l y b y r e f e r e e s ; 3 o r m o r e f o r 

f a c u l t y ) i m m e d i a t e l y t o : 
P r o f . Y . B o b H s i u n g , D e p a r t m e n t o f P h y s i c s , N a t i o n a l T a i w a n U n i v e r s i t y , 

T a i p e i , T a i w a n 1 0 7 6 4 , R . O . C . 
h s i u n g @ h e p 1 . p h y s . n t u . e d u . t w 

f a x : + 8 8 6 - 2 - 2 3 6 9 3 4 7 2 , t e l : + 8 8 6 - 2 - 3 3 6 6 5 1 3 5 
P r o f . G e o r g e W . S . H o u , D e p a r t m e n t o f P h y s i c s , N a t i o n a l T a i w a n U n i v e r s i t y , 

T a i p e i , T a i w a n 1 0 7 6 4 , R . O . C . 
w s h o u @ p h y s . n t u . e d u . t w 

f a x : + 8 8 6 - 2 - 2 3 6 9 3 4 7 2 , t e l : + 8 8 6 - 2 - 3 3 6 6 5 0 9 6 

TENURE TRACK FACULTY POSITION 
T h e M I T D e p a r t m e n t o f P h y s i c s is s e e k i n g e x c e p t i o n a l 
c a n d i d a t e s for a T e n u r e T r a c k F a c u l t y P o s i t i o n in t h e D i v i s i o n of 
E x p e r i m e n t a l Pa r t i c l e a n d N u c l e a r P h y s i c s a n d t h e L a b o r a t o r y fo r 
N u c l e a r S c i e n c e , t o s ta r t in J u l y 2 0 0 3 . T h e r e s e a r c h g r o u p s in t h e 
d i v i s i o n a n d L N S h a v e s t r o n g i n t e r e s t s in Q C D ( P H O B O S , 
B L A S T , J e f f e r s o n L a b . , M a i n z a n d H E R M E S ) , f l a v o r p h y s i c s a n d 
e l e c t r o w e a k s y m m e t r y b r e a k i n g ( B a B a r , . C D F , A T L A S , a n d C M S ) , 
d a r k m a t t e r s e a r c h e s ( A M S a n d a x i o n s ) a n d n e u t r i n o p h y s i c s 
( S u p e r K a m i o k a n d e a n d B o r e x i n o ) . S t r o n g c a n d i d a t e s in n e w a r e a s 
of e x p e r i m e n t a l n u c l e a r a n d pa r t i c le p h y s i c s a r e p a r t i c u l a r l y 
w e l c o m e . ( S e e h t t p : / / p i e r r e .m i t . edu / f o r a d e s c r i p t i o n o f c u r r e n t 
r e s e a r c h ac t i v i t i es ) . F a c u l t y m e m b e r s a t M I T t e a c h u n d e r g r a d u a t e 
a n d g r a d u a t e p h y s i c s c o u r s e s , s e r v e a s m e n t o r s a n d a d v i s o r s a n d 
o v e r s e e t h e s t u d e n t s ' r e s e a r c h p r o j e c t s . C a n d i d a t e s m u s t s h o w 
p r o m i s e in t e a c h i n g a s w e l l a s in r e s e a r c h . P r e f e r e n c e wi l l b e g i v e n 
to a p p l i c a n t s at t h e A s s i s t a n t P r o f e s s o r l e v e l . T h e d e a d l i n e for 
a p p l y i n g for th is pos i t i on is S e p t e m b e r 1, 2 0 0 2 . 

A p p l i c a n t s s h o u l d s e n d a c u r r i c u l u m v i t a , list o f p u b l i c a t i o n s , t h r e e 
r e f e r e n c e le t te rs , a n d a s h o r t s t a t e m e n t o f p r o p o s e d r e s e a r c h t o : 
P r o f . P e t e r F i s h e r , M I T , 44 -118 , 7 7 M a s s a c h u s e t t s A v e n u e , 
C a m b r i d g e , M A , 0 2 1 3 9 - 4 3 0 7 . 

A M A S S A C H U S E T T S I N S T I T U T E O F T E C H N O L O G Y 
I I I An Equal Opportunity/Affirmative Action Employer 

Non-Smoking Environment 
web .mi t .edu /personne l /www 

RESEARCH PHYSICISTS 
Applications are invited from experimental particle physicists with a strong I 
research record for any of the following three positions within the Particle I 
Physics Department based at the Rutherford Appleton Laboratory. The 3 
vacancies are for a Division Head (Band 2), Group Leader (Band 3) and a | 
Particle Physicist (Band 4). 

An interest in advanced detector development, particularly vertex detectors, or " 
in the linear collider machine or detector, or in advanced computing techniques ' 
for particle physics, or in neutrino physics would be an advantage, as would 1 

experience in project management and leadership, especially for the more , 
senior positions. 

Applicants should possess a Ph.D. in Experimental Particle Physics, have , 
demonstrable leadership ability or the potential, excellent communication skills, 
be a team player and have good organisational skills including the ability to write | 
clear and concise policies and other documents. 

The post is based at the Rutherford Appleton Laboratory, but the holder will be | 
expected to travel regularly within the UK and overseas. 

The salary at appointment will depend upon age and experience, and will be on a 
scale from £25,900 to £48,800. 

Application forms and a job description can be obtained from HR Operations, 
Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire, 0X11 OQX. 
Telephone (01235) 445435 (answerphone) or email recruit@rl.ac.uk quoting 
reference number VN2268. More information about RAL can be obtained 
from the World Wide Web pages at http://www.cclrc.ac.uk 

Further details can be obtained from Prof. Ken Peach at k.j.peach@rl.ac.uk 

All applications must be returned by 15th July 2002. 

Interviews will be held in August 2002. 

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

C O R N E L L 
U N I V E R S I T Y 

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

T h e e l e m e n t a r y p a r t i c l e p h y s i c s g r o u p a t C o r n e l l U n i v e r s i t y h a s a n 
o p e n i n g for a C o m p u t i n g P r o f e s s i o n a l / R e s e a r c h A s s o c i a t e to w o r k o n 
pro jec t s r e l a t e d to t h e C L E O / C L E O c e x p e r i m e n t a n d R & D for a L i n e a r 

Col l ider . T h e p e r s o n f i l l ing t h i s a p p o i n t m e n t w i l l h a v e m a j o r 
r e s p o n s i b i l i t i e s for t h e u p g r a d e , o p t i m i z a t i o n , a n d m a i n t e n a n c e of t h e 

C L E O offline a n a l y s i s s o f t w a r e , d a t a b a s e s for c a l i b r a t i o n a n d d a t a access , 
a n d e v e n t u a l l y s o f t w a r e d e v e l o p m e n t for a L i n e a r Col l ider . M e m b e r s h i p 

in t h e C L E O C o l l a b o r a t i o n a n d t h e o p p o r t u n i t y for ha l f - t ime d a t a a n a l y s i s 
a r e p o s s i b l e t h o u g h s u c h ac t iv i t i e s a r e n o t r e q u i r e d . 

A P h D in e x p e r i m e n t a l e l e m e n t a r y p a r t i c l e p h y s i c s or a d v a n c e d d e g r e e i n 
C o m p u t e r Sc ience , a n d a t l ea s t 3 y e a r s e x p e r i e n c e w i t h s o f t w a r e 

d e v e l o p m e n t a r e r e q u i r e d . E x p e r t i s e is n e c e s s a r y i n t h e f o l l o w i n g a r e a s : 
T h e U N I X o p e r a t i n g s y s t e m , o b j e c t - o r i e n t e d p r o g r a m m i n g , C + + , U N I X 

she l l s c r i p t i n g , a n d l a rge - sca l e s o f t w a r e d e s i g n . It is a l so h i g h l y d e s i r a b l e 
for t h e a p p l i c a n t to h a v e f ami l i a r i t y w i t h t h e c o m p u t i n g t a s k s c o m m o n i n 

e x p e r i m e n t a l h i g h e n e r g y p h y s i c s s u c h as d a t a m a n a g e m e n t , p h y s i c s 
a n a l y s i s , a n d M o n t e C a r l o s i m u l a t i o n s , a s w e l l a s L I N U X , F O R T R A N , a n d 

c o d e m a n a g e m e n t a n d v e r s i o n i n g s y s t e m s . 

P l e a s e s e n d a n a p p l i c a t i o n i n c l u d i n g c u r r i c u l u m v i t ae , p u b l i c a t i o n list, 
a n d r e s u m e of c o m p u t e r e x p e r i e n c e , a n d a r r a n g e for a t l eas t t h r e e l e t t e r s 

of r e c o m m e n d a t i o n to b e s e n t to 

P r o f . L a w r e n c e G i b b o n s , 
N e w m a n L a b o r a t o r y , C o r n e l l U n i v e r s i t y , 

I t h a c a , N Y 1 4 8 5 3 . 
E-mai l c o r r e s p o n d e n c e m a y b e d i r e c t e d t o s e a r c h @ l n s . c o r n e l l . e d u 

Cornell is an equal opportunity/affirmative action employer. 

Women and minorities are encouraged to apply. 
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EXCITING OPPORTUNITIES IN 
ACCELERATOR PHYSICS 

A T T H E 

NATIONAL SUPERCONDUCTING 
CYCLOTRON LABORATORY 

M I C H I G A N S T A T E 

U N I V E R S I T Y 
P o s i t i o n s a t a l l l e v e l s : 

• Faculty • Staff Physicists and Engineers 
• Research Associates • Graduate Students 

B r o a d a r e a s o f i n t e r e s t i n c l u d i n g : 

• Beam dynamics • Ion source development 
• Heavy ion linac design • Cryogenic systems 

• Superconducting radio frequency (SRF) structure 
design & development • SRF drive and feed back systems 

• Electro-magnetic systems design for 
nuclear physics research 

F o r d e t a i l s , g o t o 
http:/ /www.nscI.msu.edu/ourlab/employment/ index.php 

HEAD OF COMPUTING DIVISION 
Fermi National Accelerator Laboratory, dedicated to fundamental 
research in particle physics and related fields, and home to the world's 
highest energy accelerator, has an exceptional opportunity available 
for a professional to lead one of its four major scientific divisions. 

The Computing Division at Fermilab is highly coupled to the physics 
program of the laboratory. It supports all scientific computing in the 
laboratory's program, including the CDF and DO Collider experiments 
currently running at the world 's most powerful particle accelerator, the 
planned neutrino experiments Min iBooNE and M I N O S , and the 
anticipated flavor experiments C K M and BteV. The Computing Division 
is also the host division for the Experimental Astrophysics G roup (Sloan 
Digital Sky Survey, PRIME), the Fermilab Lattice G a u g e Theory Facility 
and a Tier 1 center for the C M S experiment at the Large Hadron 
Collider in G e n e v a , Switzer land. The Division furnishes and operates 
the campus-wide network, and several computing facilities, including 
central facilities in the Feynman Computer Center (FCC) . These facilities 
include large computer clusters for simulation, reconstruction and 
analysis of scientific data as well as substantial data storage capacities 
of more than one Petabyte of robotic tape storage and about one 
hundred Terabytes of disk storage. 

The Division assists in developing systems requirements for future 
computing and storage needs, and also develops the software for 
operating these systems as required. The Division staff has a substantial 
involvement in the development of scientific software, including physics 
simulation and computational codes. M a n y of these activities are 
carried out in collaboration with the wor ldwide high-energy physics 
community. The Division receives substantial support for these activities 
from competitively awarded funding sources. The Division staff supports 
the data acquisition systems of experiments. The Division manages 
Fermilab's high bandwidth connections to public and private w ide area 
networks that support its wor ldwide scientific collaborations. The 
Division supports the general computing infrastructure at the Laboratory, 
including many aspects of computer security. 

Reporting to the Fermilab Director of Research, the selected candidate 
will lead more than 250 computer professionals, engineers, technicians 
and physicists to work effectively with the large physics collaborations 
at Fermilab. Specific responsibilities include contributing to the setup 
and operation of LHC computing, supporting the US scientific HEP 
community involved in the LHC program, supporting the computing 
infrastructure of the Laboratory, and participating in R&D projects to 
prepare computing for future HEP programs. 

Qual i f ied candidates must possess the capability to provide leadership 
in the operational, computing, R&D, and physics roles of the Division. 
A broad and deep understanding of the present state of computing 
technologies and the trends that project these technologies into the 
future, both in the commercial, open source, and academic computer 
science sectors, is required. Management and organizational skills in a 
highly technical environment are essential, as is exposure to science, 
based on large facilities and dispersed collaborations of scientists. 
The individual selected must be familiar with Department of Energy 
regulations and take responsibility for elements of the Laboratory's 
computing in these matters. Experience in high-energy physics is an 
advantage, but not required. 

Located 40 miles west of downtown Ch icago , w e offer a competitive 
salary and excellent benefits package. For consideration, please submit 
a resume with salary history, indicat ing job code HCD-PT to: 
verbeck@fnal .gov • E O E M / F / D / V • w w w . f n a l . g o v 

Fermilab 

Computer S c i e n t i s t 
: 

The Center for Data Intensive Computing and the Physics Department at 
Brookhaven National Laboratory together seek a computer scientist or 
computationally oriented physicist in the general area of grid computing, 
distributed data access, and/or the storage and analysis of petabyte data sets. 
The successful candidate will demonstrate an ability to conduct an independent 
research program and to work with Laboratory research programs. 
Brookhaven is home to RHIC, the Relativistic Heavy Ion Collider and the U.S. 
ATLAS Program and a participant in the Particle Physics Data Grid (www.ppdg.net) 
and GriPhyN (www.griphyn.org). CDIC is engaged in advanced scientific computing 
and is closely affiliated with the Departments of Applied Mathematics and 
Statistics and Computer Science at SUNY Stony Brook (www.bnl.gov/cdic). 
Minimal requirements include a Ph.D. in computer science, electrical 
engineering, physics or a related field with a strong background in computer 
science. Interested candidates should send a CV, statement of research interests, 
and the names of three references to: J . Glimm, Director, CDIC, Bldg. 463B or 
T. Wenaus, Department of Physics, Brookhaven National Laboratory, P.O. Box 
5000, Upton, NY 11973; or by e-mail to: Claire Lamberti ( lamberti@bnl.gov). 
Brookhaven National Laboratory is funded primarily by the U.S. Department of 
Energy. It conducts basic and applied research in high energy and nuclear 
physics, life sciences, materials, energy and environmental science and national 
security. For more information, visit our web site at www.bnl.gov. 
BNL is an equal opportunity employer and encourages applications from 
minorities and women. 

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

A passion for discovery. 

w w w . b n l . g o v 
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Di rec to r 
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Brookhaven Science Associates LLC (BSA), a partnership of Battelle -
Memorial Institute and Stony Brook University, announces the search for 
Director of the Brookhaven National Laboratory (BNL). 

Brookhaven National Laboratory, located on Long Island in Upton, New 
York, is one of f ive mult ipurpose laboratories operated by the Office of 
Science of the U.S. Depar tment of Energy. Since its founding in 1947, the 
Laboratory 's pr imary mission has been scientif ic research in fields 
requiring unique, complex and often large facilities, and the design, 
construct ion and operat ion of those facilities for external users as well as 
for its own scientists. BNL research depar tments are organized in four 
directorates: Nuclear and High-Energy Physics, Basic Energy Sc iences, Life 
Sciences, and Energy /Env i ronmen t /Na t iona l Security. T h e Laboratory has 
over 3,000 employees, an annual budget exceeding $400 million, and 
more than 4,500 scientist users of its facilities per year. 

T h e Director se rves as President of BSA and Chief Execut ive of the 
Laboratory. T h e new director must have strong scientif ic credentials, 
exper ience working with governmenta l agencies, exper ience with research 
management or a record of successfu l senior management of large-scale 
projects, qualities that suggest success in engaging all the stakeholders 
associated with the funct ioning of a national mult ipurpose laboratory, and 
strong leadership skills including success in craft ing and implement ing 
vision and strategy for a major organizat ion. 

Nominat ions and expressions of interest should be submit ted, in total 
conf idence, to: 

Shelly Weiss Storbeck, Managing Director 
A T . Kearney Educat ion Practice 

333 John Carlyle Street 
Alexandr ia, VA 22314 

Te lephone: 703-739-4613; 
Fax: 703-518-1782 

E-mail may be addressed to shel ly .s torbeck@atkearney.com. 

For best considerat ion, please submit materials no later than 
August 1, 2002. Electronic submiss ions are particularly encouraged. 

Further information about BNL can be found on the website: www.bnl .gov 

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

A passion for discovery. 

w w w . b n l . g o v 

!» I I * 

L a b o r a t o r y f o r I n s t r u m e n t a t i o n a n d 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 
Departmento de Fisica da Universidade de Coimbra, 3004-516 Coimbra, Portugal 

T h e C o i m b r a b r a n c h o f L I P a n t i c i p a t e s t h e o p e n i n g o f s t a f f p o s i t i o n s f o r 

e x p e r i m e n t a l p h y s i c i s t s . O n l y a p p l i c a n t s w i t h a s o l i d C V in t h e a r e a s o f 

E x p e r i m e n t a l Par t ic le P h y s i c s or re la ted In s t rumen ta t i on and, at least , t w o y e a r s 

expe r i ence after P h D wil l b e cons ide red* . 

T h e p r e s e n t a c t i v i t y o f L I P - C o i m b r a r a n g e s f r o m p a r t i c l e p h y s i c s ( A T L A S , 

H E R A - b , a n d n -ToF) to the d e v e l o p m e n t o f rad ia t ion de tec t ion sys t ems , m a i n l y 

g a s e o u s and l iqu id n o b l e gas de tec to r s . B e s i d e s o f the re fe r red to e x p e r i m e n t s , 

s o m e areas of appl ica t ion o f the de tec tors u n d e r s tudy are i m a g i n g (med ica l PET , 

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

r a d i a g r a p h y , w i t h G E M s ; T o F - P E T , w i t h fast R P C s ) , t i m e of f l ight o f c h a r g e d 

par t ic les (fast R P C s ) and da rk m a t t e r sea rch ( l iquid x e n o n ) . 

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

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

add re s sed to s e c l i p @ l i p c . f i s . u c . p t 

*Pos t -doc to ra l f e l lowships , suppor t ed b y o the r p r o g r a m m e s , are also ava i l ab le . 

cerncourier.com 

In international cooperation the research center D E S Y plans 

and develops an innovative future project: T E S LA, a 33 km 

long, superconducting linear accelerator with intergrated 

X-ray lasers. 

Research at T E S L A covers a broad field; from structure analysis to 

material sc ience and life sc ience. For this challenging project w e 

seek a 

C E R N C O U R I E R R E C R U I T M E N T 
B O O K I N G D E A D L I N E 

September issue: 02 August 
Publication date: 15 August 

Contact Ed Jost: 

Tel. +44117 9301196 

Fax+44117 930 1178 

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

P h y s i c i s t f o r r e s e a r c h a t t h e V U V -

F r e e E l e c t r o n L a s e r 

At the T E S L A Test Facility a Free Electron Laser is under const ruc

tion, that will offer unique possibilities for research within the 100 

to 6 nm wavelength. W e are current ly looking for a physicist (PhD) 

to car ry out exper iments on molecules and clusters and for the 

development of experimental methods. Exper ience in the field 

of the interaction of intense lasers with matter, or in the field of 

research with synchrotron radiation would be an advantage. 

T h e contract period is two years with the possibility for prolonga

tion by one additional year. T h e salary will be according to the 

German civil serv ice (BAT lia). 

We welcome applications from all sectors of the community, 

including women and people with disabilities. 

To apply, please send your application documents including 

your C V and three references to our Personnel Department at 

the adress below. Further information can be obtained from Dr. 

Thomas Moeller (Thomas.Moel ler@desy.de) . 

Deutsches Elektronen-Synchrotron D E S Y 

in der Helmholtz-Gemeinschaft 

code: 75/2002 • NotkestraBe 85 • D-22603 Hamburg • Germany 
Phone: +49 (0)40/8998-2527 • www-hasy lab.desy .de 
email: personal .abtei lung@desy.de 

Deadline for applications: 15.08.200 
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MUON COLLIDER and NEUTRINO 
FACTORY FELLOWSHIPS 
App l i ca t i ons are s o u g h t for M u o n C o l l i d e r / N e u t r i n o Fac to ry 
fe l l owsh ips . C a n d i d a t e s s h o u l d have two or m o r e years of 
expe r i ence b e y o n d the i r P h . D . C a n d i d a t e s are e x p e c t e d to 
deve lop ideas for co l lec t ing a n d coo l ing m u o n s to e n h a n c e the 
p e r f o r m a n c e of the Neu t r i no Fac to ry a n d the f irst M u o n Col l ider. 
A p p o i n t m e n t s are for o n e year , r e n e w a b l e to two yea rs . Dur ing 
this pe r i od , t he c a n d i d a t e wil l ga in e x p e r i e n c e in s u c h exc i t ing 
a reas of resea rch s u c h as Ring Coo le r s a n d Emi t t ance E x c h a n g e 
and will be invo lved in gene ra t i ng i deas a n d tes t ing t h e m wi th 
numer i ca l s i m u l a t i o n . T h e fe l l owsh ips are a lso o p e n to Un ivers i t y 
facu l ty m e m b e r s p lann ing s a b b a t i c a l s . Sa la r ies will be 
c o m m e n s u r a t e w i th e x p e r i e n c e . S u c c e s s f u l c a n d i d a t e s wil l be 
b a s e d at one of the m e m b e r inst i tu t ions of t he M u o n 
C o l l i d e r / N e u t r i n o Fac to r y co l l abo ra t i on . 

App l i ca t i ons s h o u l d inc lude a cu r r i cu l um v i tae , pub l i ca t ion list 

and the n a m e s of t h ree re fe rees . 

App l i ca t i ons a n d r e q u e s t s for i n fo rmat ion s h o u l d be d i rec ted to 

Dr. Rajendran Raja, Fermi National Acce le ra tor Laboratory, 

M.S. 1 2 2 , P.O.Box 5 0 0 , Batavia , II 6 0 5 1 0 - 0 5 0 0 , U.S.A. 

U C R is an E O E M / F / D / V 

N E E D T O R E C R U I T ? 
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 

A 
C A N B E R R A Postdoctoral Position 

in Accelerators Design a CANBERRA 

P A N T E C H N I K of fers a postdoctora l posi t ion for o n e y e a r start ing end 2002 - beg inn ing 
2003. T h e student has to be f rom an E C coun t ry other than F r a n c e . T h e w o r k will be on 
acce le ra to rs d e s i g n . W e will submi t a d e s i g n repor t for a 0,5 to 2 M e V per nuc léon 
acce lera tor , us ing an E C R ion s o u r c e plus the des ign of i rradiat ion stat ion for p o l y m e r 
films. A background in accelerators sc ience or in nuclear instrumentation will be appreciated. 

Please send your application to: 

PANTECHNIK - 1 2 rue A. Kastler -14000 CAEN - France 
Email: pantechnik@compuserve .com 

CALL FOR PROPOSALS 
Labora to r i Naz iona l i de l G r a n S a s s o de l l ' INFN 

INFN European Community - Improving Human 
Potential Programme 

Transnational Access to Research Infrastructures 2nd Call for Proposals 
The Laboratori Nazionali del Gran Sasso (LNGS) of Istituto N^zionale di Fisica Nucleare (INFN), Italy, give 
the opportunity for European research groups, performing or planning research activity at LNGS, to APPLY 

FOR E.U. FUNDED ACCESS TO LNGS, in order to cover subsistence and travel expenses. 
Proposals must be submitted using the Application Forms that can be downloaded from our website* 

and must be sent by September 15, 2002, to: 
LNGS Director, TARI, INFN, Laboratori Nazionali del Gran Sasso, 

S.S. 17 bis, km 18+910, 67010 Assergi (L'Aquila) 
Fax: +39(0)862-437218 

More information can be obtained by visiting our website: *http://www.lngs.infn.it/ 
w or from the TARI secretariat (e-mail: tari@lngs.infn.it fax: +39-(0)862-437571) . 

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 
ADSC 2 PPM 22 
Amptek 20 Saint-Gobain Crystals & Detectors 38 
AS&E High Energy Systems 51 Spectra Gases 49 
Bergoz 19 Spiricon 49 
Birmingham Metal 22 Thermo Vacuum Generators 20 
Brush Wellman 19 Universal Voltronics 4 
C.A.E.N. 52 VAT Vacuum Products 10, 49 
Hitec Power Protection 11, 16 
Instrumentation Technologies 49 
IOPP - Journals 46 
Janis Research 46,49 
Lake Shore Cryotonics 9 
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T h e A t o m in t h e H i s t o r y o f H u m a n T h o u g h t 

by Bernard Pullman (late professor of Quantum 

Chemistry at the Sorbonne, and director, Institut 

de Biologie Physico-Chimique, France) , Oxford 

University Press, ISBN 0195114477, £14.95 

(€23 ) .T rans la ted from the original French, 

Edit ions Fayard, ISBN 2213594635, € 2 9 . 3 . 

"This book endeavours to descr ibe the 

turbulent relationship between atomic theory 

and phi losophy and religion over a period of 

25 centuries," states the preface - a daunt ing 

task by any standards. Pul lman admits that he 

is neither a phi losopher nor a man of religion, 

but a chemist "having long lived s ide-by-s ide 

with a toms" . As such , he achieves a great deal . 

The book begins with the birth of the atomic 

theory - the "Greek miracle" of the 7th-5th 

centur ies BC in Pul lman's words , when a few 

Hellenic thinkers shed the Greek pantheon in 

favour of a natural phi losophy.This began with 

theor ies advocat ing var ious primordial sub 

stances - water (Thaïes) , air (Anax imenes ) , fire 

(Heracl i tus) and earth (Xenophanes ) - f rom 

which all things come to b e . T h e two funda

mental concepts of a tomism - impenetrable, 

indivisible (a tomos) corpuscles and void 

through which they travel - were formulated 

around 450 BC by Leucippus and Democr i tus, 

and refined a century later by Epicurus and 

Lucretius to a logical structure that remained 

essential ly unchanged for the next 2000 years. 

The book also touches on Hindu and Buddhist 

a tomism, which evolved independent ly at 

about the same t ime, but had no impact on 

the atomic theory of the Western wor ld . 

The book then moves on to "a few scattered 

revivals" during the 1st-15th centur ies AD. 

After describing the antiatomist ic posit ion of 

the Church as put forward by Basil of 

Caesarea , S tAugust ine a n d T h o m a s Aqu inas 

(among others) , some mediaeval Christian 

atomists make an appea rance .These are 

div ided into chroniclers (such as Isidore de 

Sevi l le) , sympath izers and p roponen ts .The 

sympath izers include Adelard of Bath (a t rans

lator of scientific Arab texts) and Th ier ry of 

Chartres (a reviver of the works of ant iqui ty) . 

A m o n g the proponents are Constant ine the 

Afr ican, a physician from Carthage who explic

itly def ined atoms as the fundamenta l 

const i tuents of substances; Wil l iam of 

Conches ; and Wil l iam of O c k h a m . 

Jewish phi losophy from the 9th to the 13th 

centur ies is d iscussed.Th is was largely 

opposed to a tomism, al though Moses 

Maimonides (1135-1204) descr ibed the 

teaching of the Arab atomists. The schismat ic 

Jewish sect of the Karaites ( founded in the 8th 

century) adopted the atomic theory borrowed 

directly f rom teachings of Muslim phi loso

phers and theologians. 

Whi le Greek atomism was to free mankind 

f rom invisible powers, Arab atomism is dec id

edly religious in nature .The Arab atomic 

doctr ine is expressed in the Ka lam, a set of 12 

proposit ions, one of which introduces the 

notion of "acc idents" . These reside within 

a toms, and include characterist ics such as life 

and intell igence, along with inanimate proper

ties such as colour and odour. 

Moving into the Renaissance and the age of 

enl ightenment, Pul lman descr ibes the resur

gence of atomic theory starting with Pierre 

Gassend i , who is counted among the 

Christian atomists along with the likes of 

Gal i leo, Bruno, Newton and Boyle. Gassendi 

criticized Aristotle and defended ancient 

atomists, especial ly Epicurus, whose teach

ings he tried to make acceptable to the 

Church. T h e doctr ine of John Locke, who 

doubted any future experimental proof of the 

existence of these atoms, is labelled "agnost ic 

a tomism" . Pul lman also d iscusses Maupertu is 

and Diderot, with their sensit ive and intelligent 

a toms; Ho lbach, with his materialistic a toms; 

and Maxwel l , who believed that a toms exist 

due to the action of a creator. 

Christian antiatomists - phi losophers or 

scientists who use religious arguments to 

reject the theory - include Descar tes, who 

rejected the concept of vo id ; and Leibniz with 

his metaphysical a toms (monads ) . Others 

ment ioned are Roger Boscovi tch, who tried to 

blend Leibniz's monads with Newton's laws of 

attraction and repuls ion; George Berkeley, who 

rejected matter, material corpuscles and vo id ; 

and Immanuel Kant, who is labelled an "a tom-

ist turned antiatomist". 

T h e final part of the book moves into the 

modern era with the advent of scientific a tom

ism through the 19th and 20th centuries. 

Pul lman begins with the demise of the 2000-

year-old theory of four e lements by the 

demonstrat ion of J_avoisier that water, and of 

Cavendish and Priestley that air, have a c o m 

pound structure. Elements came to be 

def ined as subs tances that could not be 

d e c o m p o s e d . Confusion over nomenclature 

fol lowed until Canizzaro formulated a distinc

tion between a toms and molecules in 1860. 

Soon af terwards, Mendeleev arranged the first 

63 e lements in the periodic table. 

Controversy, however, cont inued. 

Phi losophers such as Hegel and 

Schopenhauer were both opposed to a tom

ism. So were die-hard ant iatomists like 

Berthelot, Mach and Ostwa ld , and a few that 

Pul lman calls "nostalgic phi losophers" , such 

as Nietzsche, Marx and Bergson. 

Never theless, atomic theory was almost 

universally accepted by the t ime J J T h o m s o n 

discovered the electron in 1897, bringing the 

hypothesis of indivisible atoms to an end . 

Pul lman then brings us into the quantum 

age in 1900 with Planck's famous constant. 

He guides us through Rutherford's 1911 con 

clusion that a toms are mainly vacuum with a 

tiny nucleus sur rounded by electrons, to Bohr's 

1913 observat ion that Planck's constant leads 

to stable orbits in the atom and to discrete 

spectral l ines. The rest of the modern atomic 

picture is careful ly covered, with Chadwick 's 

1932 d iscovery of the neutron; de Broglie's 

postulat ion of the wave-l ike character of mat

ter part icles, and its subsequent conf irmation 

by Davisson and Germer ; and Schrôdinger 's 

wave mechan ics leading to ser ious concep

tual difficulties among scientists. 

Chemical bonding naturally plays a large part 

in the book, given that its author was a chemist. 

Covalent bonding, where electrons are shared 

between atoms, leads Pullman to an interesting 

analogy developed in the chapter "Society of 

a toms: marr iage", where he conc ludes that t > 
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"as always in life, this implies the ability and 
even obligation both to give and to receive". 

In a closing chapter, Pul lman delves into 
the nanowor ld. Here he descr ibes how the 
scanning- tunnel microscope and the atomic-
force microscope led to visual izat ion and 
manipulat ion of single a toms interacting with 
bulk sur faces, and how complete isolation of 
single (charged) a toms sur rounded by vac
uum was accompl ished using ion traps. 

No-one can contest that the a toms con 
ceived 2500 years ago as invisible and 
indivisible impenetrable phi losophical c o n 
structs have today become divisible and 
visible objects of reality. But are they really in 
human thought? They are certainly in the 
thoughts of scientists and phi losophers, but I 
doubt they are uppermost in the minds of 
most people, as Pul lman suggests when he 
claims that "quantum physics has stoked an 
interest in the 'problem of G o d ' among a 
general pub l ic " .The book is let down by its 
index, which is difficult to use and occas ion
ally inaccurate.That sa id , however, to read this 
book is a fruitful learning exercise, and it has 
a host of informative notes. 
HorstWachsmuth, CERN. 

H a n d b o o k of R a d i a t i o n E f f e c t s by Andrew 
Holmes-Siedle and Len A d a m s , 2nd edn 
(2002 ) , Oxford University Press, ISBN 
019850733X, £65 ( € 1 0 2 ) . 

This book is a imed at special ists - engi 
neers and appl ied physicists - employ ing 
electronic sys tems and materials in radiation 
envi ronments. Its prime role is to explain how 
to introduce tolerance to radiation into large 
electronic sys tems .The reader is expected to 
be famil iar with the theory and operat ing 
principles of the var ious devices. The book 
mainly addresses componen ts used in space , 
but also d iscusses issues specif ic to other 
f ields, such as military and h igh-energy 
physics appl icat ions. 

The book starts with a quick overv iew of 
radiation concepts, units and radiation detec
tion principles, fol lowed by a brief review of 
the var ious radiation env i ronments likely to 
have a degrading effect on electronic devices 
and sys tems as encountered in space , energy 
product ion (f ission and fus ion) , h igh-energy 
physics and in military appl icat ions (nuc lear 
weapons ) .Th i s is fol lowed by a chapter dedi 
cated to a general descript ion of the 
fundamenta l effects of radiation in materials 
and devices: atomic d isp lacement and ioniza

t ion; as well as colourabil ity of t ransparent 
material , s ingle-event phenomena and other 
transient effects. 

Seven central chapters form the core of the 
handbook, addressing in detail the mecha 
nisms responsible for the degradat ion of 
per formance of var ious devices. Each chapter 
is dedicated to a class of devices: M O S ; bipo
lar transistors and integrated circuits; d iodes 
and optoelectronics such as phototransistors 
and CCDs ; power semiconductors ; var ious 
types of sensors ; and miscel laneous elec
tronic componen ts .The physical problems of 
total-dose effects and how to predict the 
electrical changes caused in MOS devices are 
d iscussed, along with some of the best so lu 
t ions to the radiation problem. Long-l ived 
effects, which can be separated into surface 
and bulk mechan isms, of var ious radiation 
types on bipolar transistors are descr ibed. How 
these effects inf luence the radiation response 
of bipolar integrated circuits is d i scussed .The 
response of the many different types of d iodes 
to radiation is thoroughly d iscussed in a dedi 
cated chapter. Optoelectronic devices in a 
hostile env i ronment are subject to multiple 
effects, and radiation can cause mul funct ion-
ing in a highly tuned, h igh-technology sys tem. 
Sil icon power devices used as regulators in 
power subsys tems of large space equipment , 
radiat ion-generat ing equipment and nuclear-
power sources also suffer f rom radiation 
damage. One chapter is devoted to discussing 
the physics, chemist ry and practical problems 
associated with w indows, lenses, optical 
coat ings and optical f ibres. Another chapter 
concentrates on the effects of radiation on 
polymers and other organics, classifying the 
main fo rms of organic degradat ion under 
irradiation and summar iz ing some of the most 
important examples and problems met with 
po lymers in engineering and sc ience. 

Two chapters are dedicated to aspects of 
radiation shielding of electronic devices and 
var ious computer methods for particle t rans
port, essential ly with reference to space 
appl icat ions (very thin sh ie lds) .The three final 
chapters d iscuss radiation test ing, equ ipment 
hardening and hardness assurance. Radiat ion 
testing is made unavoidable by the variability 
in the sensit ivity of semiconductors and elec
tronic dev ices to radiation, which makes it 
impossible to rely on theory alone to predict 
the effect on a device of a certain exposure to 
a given type of radiat ion.The authors provide 
guidel ines on radiation sources that may be 

used in irradiation tests, in test procedures 
and in engineer ing s tandards. Finally, they 
d iscuss the technologies and methodologies 
employed in fabricating radiat ion-hard 
dev ices, as well as providing rules of harden
ing against var ious types of radiation and for 
var ious appl icat ions, including remote han
dling equ ipment and robots. 

Each chapter ends with a s u m m a r y of its 
most important points. Besides the usual 
subject index, a useful author index helps 
greatly in searching through the large number 
of references provided at the end of each 
chapter. Wi th respect to the first edition 
(1993) , the book has been enr iched with 
many references to useful websi tes, including 
databases. Surprisingly, the old units rad, rem 
and curies are used throughout the book, 
a l though SI units are provided in brackets .The 
authors admit they thought hard about what 
to use, and finally opted for the old sys tem. 

It is unfortunate that this otherwise excellent 
vo lume contains, here and there, a number of 
typographical and punctuat ion errors, and 
mistakes in s o m e formulae. In a few cases 
there are contradictory statements a few para
graphs apart. The impression is that the text 
w a s not proofread carefully enough before 
going to print. There are also a few statements 
that are clearly wrong, such as that X-rays and 
g a m m a rays leave no activity in the material 
irradiated (what about photonuclear reactions 
above a given thresho ld?) ; and others that are 
confusing, such as in discussing the who le-
body dose limit for members of the public. In 
general , activation phenomena and related 
problems are also somewhat general ly under
est imated throughout the book. 

Never theless, this vo lume contains a lot of 
valuable material and is not only a handbook, 
but also an excel lent textbook. 
Marco Silari, CERN. 

B o o k s r e c e i v e d 
Q u a r k s , L e p t o n s a n d t h e B i g B a n g (2nd 
edit ion) by-Jonathan Allday, Institute of Physics 
Publishing, ISBN 0750308060, £16.99 ( € 2 7 ) . 

Th is edit ion is a revised and updated ver
sion of the King's Schoo l , Canterbury 
teacher 's popular high-school introduction to 
particle physics and cosmology. 

D e p a r a m e t e r i z a t i o n a n d P a t h I n t e g r a l 
Q u a n t i z a t i o n o f C o s m o l o g i c a l M o d e l s by 
Claudio S imone , World Scientif ic, ISBN 
9810247419, £19 ( € 3 0 ) . 
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VIEWPOINT 

Globalization, collaboration and trust 
Big science needs its own brand of globalization, argues chairman of the 

DESY directorate, A lbrecht Wagner . 

Industry pushes economic global ization to 
st rengthen its market pos i t ion.The process is 
driven by the need and desire to increase 
eff iciency and reduce costs, but also by the 
wish to make the best use of different compe 
tencies in different countr ies.Take the 
European aircraft industry: parts of p lanes, 
such as the wings, tail unit, body and engines 
are built in different regions of Europe, and 
finally assembled at one p lant .This has 
enabled distributed regional industr ies to 
jointly play a major role on the international 
market. Yet people are afraid to be at the 
mercy of some anonymous pressure, and thus 
increasingly oppose global izat ion. 

Large-scale facilities in sc ience are also 
increasingly tackled on a global scale. Radio-
ast ronomers around the world have united 
behind the idea of jointly building their next 
project, ALMA, a merger of the major mil l ime
tre-array projects into one global project. 
Particle physics has for quite s o m e t ime 
moved in the same direct ion: the large exper i 
ments have always been a role model for the 
shared construct ion of large equ ipmen t .The 
LHC is built with componen ts f rom around the 
wor ld , like HERA before it. 

G l o b a l c h a l l e n g e 
To meet the chal lenges of the future, acce lera
tor -based particle physics needs to become 
even more global than in the past. One possi 
ble concept , the Global Accelerator Network 
( G A N ) , was originally developed as a way to 
build a linear collider as an international 
col laborat ion, to make the best use of wor ld 
wide competence , ideas and resources, to 
maintain and foster the centres of excel lence 
in accelerator physics around the wor ld , and 
to root the linear coll ider as an international 
project f irmly inside the national p rogrammes 
(CERN Courier June 2000 p l 9 ) . 

Global projects rely on col laborat ion. In the 
past, particle physicists have developed a 
culture of col laboration that has worked very 
successful ly. Indeed, they had to do so to 
meet the scientific chal lenges. Col laborat ions 
funct ion well if their leadership acknowledges 

the individuality and f reedom of all the part
ners. They do not have a strong hierarchical 
structure, but are driven instead by a c o m m o n 
scientific goa l .They probably would not func
tion with an industry-style management . 

Therefore the quest ion arises as to whether 
a model that works for exper iments can be 
extended to accelerators. Or to put it differ
ently: what is needed to make this model work 
for accelerators as well? These quest ions were 
studied by an ICFA working group in 2001, 
and are now being addressed within the 
f ramework of a series of workshops, the first of 
wh ich , "Enabl ing the Global Accelerator 
Network" , took place in March at Cornel l .Th is 
workshop dealt with technical aspects of the 
remote operat ion of facilities, which is a key 
ingredient of the shared operat ion of acceler
ators. No basic problems are expected here. 
In fact, t h e T E S L A test facility has already 
been operated remotely from Italy and France. 

On the other hand, it became clear at the 
workshop that the sociological aspects of 
such a joint endeavour are probably the true 
chal lenge. As the G A N concept is built on the 
principle of shared responsibility, the shar ing 
of know-how and controls is also part of the 
concep t .The laboratory at which the facility is 
located would therefore relinquish the project 

control it tradit ionally had to become one of 
the equal partners. Mutual trust is the critical 
e lement required in order for such a col labo
ration to be successfu l . 

It is well known that distr ibuted organiza
t ions need to build up and maintain trust. 
Shar ing working t ime from the very beginning 
is a powerful agent in establ ishing this trust. 
Th is requires a mixture of face-to- face interac
t ions and the use of appropriate 
communica t ion and col laborat ion technolo
gies. These interactions should start as early 
as possible, even during the planning and 
R&D phase. Mutual trust and interest will 
cont inue to grow during the bui ld-up t ime of 
the project, and will have to be susta ined 
through the transit ion f rom early commiss ion
ing to operat ion and scientific exploitat ion. 
Industry is developing many tools to suppor t 
the full spec t rum of si tuations, ranging from 
p lanned, structured activities (such as sched 
uled meet ings) to unplanned interactions. 

Trust and involvement of both institutions 
and individuals have to be maintained over a 
long t ime - the durat ion of the project being 
typical ly more than 20 years. Producing excit
ing sc ience and meet ing technological 
chal lenges will be the key ingredients for 
ensur ing a long-term interest of all the part
ners. Working on the frontiers of techno logy 
creates the need for a cont inuous upgrade 
cul ture.This culture needs to be distr ibuted 
around the wor ld . 

However, even if the necessary trust is 
establ ished, we need to solve many quest ions 
of key relevance in order to guarantee the 
success of the project and the major invest
ment it requ i res .These quest ions include the 
management structure and organizational 
f o rms .They again are closely related to trust -
we cannot afford for scientists and engineers 
to become d isenchanted and to walk away. 
We need to approach global col laborat ion on 
large scientif ic infrastructure projects with a 
lot of imaginat ion and determinat ion. 

T h e future of particle physics is no longer 
determined by scientific chal lenges only. 
Albrecht Wagner, DESY. 
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High E n e r g y S y s t e m s Division 

X-Band SYSTEMS 
Typical Electron Beam Energy (MeVj 
Typical Electron Beam Power fkW) 
Typicoi Electron Beam Head Mass (kg) 
Typical Overall System Mass (kgj 
Typical Characteristic Dimensions {mm3} 

EXTREMELY LIGHTWEIGHT, COMPACT, EASY TO OPERATE, AND INEXPENSIVE 

1 to 12 
0.3 to 1 
160 
700 
700 x 500 x 400 

S-Band and L-Band SYSTEMS 
Typical Electron Beam Energy {MeV) 
Typical Electron Beam Power fkW) 
Typical Electron Beam Head Mass (kg) 
Typical Characteristic Dimensions (mm3) 
Scan Horn 

1 to 20 
1 to 30 
500 
1500 x 1200x 1200 * 
As required 

MEDIUM AND HIGH POWER, IASY TO OPERATE, SMALL FOOTPRINT 

OPTIONS: 
• Electron beam energy regulation while maintaining wall-plug efficiency (up to 4 0 % ) 
• Compact robot-mounted systems (up to 15 kW) 
• Turn-key installation with local biological shield {small footprint) 
• Custom design 
• Systems with electron beam energy up to 8 0 0 MeV 

PORTABLE AND COMPACT HIGH POJPOTEECTRON BEAM SOURCE 
BASED ON LINEAR ACCELERATORS 

A S & E High Energy Systems Divisions, 3300 Keller Street, Bldg 101, Santa Clara, CA 95054 
Phone# (408) 980-9729 Fax# (408) 980-8605 

W e b Address: www.aseh ighenergysys tems .com 

http://www.asehighenergysystems.com


What about Power Supplies ... ? 

Be ready for the "run"! 
w w w . c a e n . i t 
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