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

ISOLTRAP pins down masses of exotic nuclei 

NEWS 

Far left: the vessel 
used for liquid nitrogen 
and helium cooling of 
the superconducting 
magnet coils and the 
detector system in 
ISOLTRAP's precision 
trap. Left: the precision 
trap (5 cm diameter), 
which sits inside the 
superconducting 
magnet. 

The mass of a nuclide is one of its most 
fundamenta l properties, being a unique 
"fingerprint", and its measurement contr ibutes 
to a variety of fundamental studies including 
tests of the Standard Model and the weak 
interaction. Now researchers using the Penning 
trap mass spectrometer, ISOLTRAP, at the 
ISOLDE facility at CERN have publ ished new 
high-precision measurements of the mass of 
short-l ived radionuclides of argon and copper, 
which provide important information for weak 
interaction and nuclear shell model physics. 

The studies make use of recent improve
ments to ISOLTRAP, which can now analyse 
radionuclides with very short half-lives 
( - 5 0 ms) produced in small numbers 
(~ 100 i ons / s ) . The apparatus, which is fed by 
the 60 keV ion beam from ISOLDE, consists of 
three traps. A radiofrequency quadrupole ion 
trap accumulates and bunches the ions, and a 
first Penning trap then cools and purifies the 
beam. A second Penning trap finally provides 
the mass measurement by using a time-of-
flight detection technique to determine the 
cyclotron f requency of the ions of interest. 

A team from C E R N , C S N S M - I N 2 P 3 - C N R S 
Orsay, GSI -Darmstad tand Michigan State 
University has measured the masses of 3 2 A r 
(half-life of 98 ms) and 3 3 A r (half-life 173 ms) 
with relative uncertainties of 6.0 x 10~ 8 and 
1.4 x 10~ 8, respectively (Blaum et ai 2003) -
the greatest precision to date on these 

C E R N 

Estonia and CERN 
are moving closer 
Estonia 's par l iament has recently approved 
special funding from the country 's state 
budget of some € 1 0 0 000 annual ly for the 
period 2 0 0 4 - 2 0 1 0 . The funds are to boost 
scientif ic co-operat ion between Estonia and 
C E R N , which to date involves the fol lowing 
Estonian research institutions: the National 
Institute of Chemical Physics and Biophysics, 
the University of Tartu (notably its Institute of 
Phys ics ) , the Technica l University of Tal l inn 
and the Observatory of Tar tu . 

Estonia's co-operation with C E R N will now 

nuclides. The results provide a stringent test of 
the isobaric-multiplet mass equat ion, which 
relates the masses of an isospin multiplet; 
3 3 A r is a member of a quartet with an isospin of 
3 / 2 , while 3 2 A r is a member of a quintet with 
an isospin of 2. Such tests are of practical 
importance as the equation can predict un
measured nuclear masses and energy levels, 
used for example in calculations of astrophysi-
cal processes. The mass of 3 2 A r also provides a 
better value for the beta-neutrino angular cor
relation coefficient, used to provide constraints 
on scalar contributions to the weak interaction. 

In a second recent experiment, a larger 
col laboration, including members from the uni
versities of Greifswald, Gent, Stockholm, IKS 
Leuven and the Russian Academy of Science, 
identified unambiguously three beta-decaying 
isomers in 7 0 C u . In this case the unique combi-

focus on a number of object ives: consol ida
tion of participation in the CMS exper iment at 
the Large Hadron Collider ( LHC) ; participation 
in LHC Grid Comput ing and other information-
technology projects at C E R N ; col laboration 
with research groups at CERN in theoretical 

nation of resonant laser ionization, nuclear 
spectroscopy and mass measurements has 
al lowed the determination of the low-energy 
nuclear structure of 7 0 C u . Using mass spec
trometry the ground state (half-life of 44.5 s) 
and two excited states (half-lives of 33 and 
6.6 s) were clearly distinguished and identified 
(Van Roosbroeck etal. 2004) . As 7 0 C u has 41 
neutrons, the results provide an important step 
in understanding the complex structure of 
nucl ides with one neutron less, N = 40, which 
corresponds to a closed sub-shell. It also 
demonstrates, for future nuclear-structure 
studies, the power of the techniques used. 

Further reading 
K Blaum etal. 2003 Phys. Rev. Lett. 91260801. 
J Van Roosbroeck et al. 2004 Phys. Rev. Lett. 
(in print; see also CERN-EP/2003-076). 

Co-operation between Estonia and CERN 
has been actively promoted by Martti Raidal 
(far left) of the National Institute of Chemical 
Physics and Biophysics (KBFI), Endel 
Lippmaa (second left), the former Estonian 
minister of European affairs and director of 
the KBFI, and Diether Blechschmidt (right) of 
CERN. They are seen here with Ene Ergma, 
president of the parliament of Estonia, 
at the Estonian Academy of Sciences. 

and exper imental particle physics, as well as 
material sc iences; and the creation of an 
Estonian graduate schoo l , with students 
trained at C E R N . The school already plans to 
send six Estonian students to participate in 
C E R N ' s S u m m e r Student Programme in 2004. 
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First module for the CMS solenoid 
magnet heads from Genova to Geneva... 
T h e first of f ive modules that will form the 
superconduct ing solenoid magnet for the 
CMS exper iment at C E R N was ready to leave 
the Italian port of Genova at the end of 
January , subject to good weather condi t ions. 
T h e magnet , which has an inside d iameter of 
6.3 m and a length of 12.5 m, has required a 
modular construct ion to al low transportat ion 
f rom the fabricat ion site in Italy to C E R N . T h e 
five modules , each 2.5 m long and weigh ing 
45 tonnes, are being t ransported one by one 
to C E R N , where they will be assembled into 
the final so lenoid. 

T h e so lenoid , which represents the " S " 
in CMS (Compac t Muon So leno id) , is the 
product of an international col laborat ion 
between the French Commissar ia t pour 
l 'Energie Atomic, C E R N , the Italian National 
Institute for Nuclear Physics ( INFN) , ETH 
(Polytechnic of Zur ich) and Ansa ldo 
Superconductors of G e n o v a . Ansa ldo w a s 
entrusted with the construct ion of the f ive 
modu les constitut ing the magnet , wh ich 
generates a magnet ic field of 4 T . Once 

.. .while the ATLAS 
T h e A T L A S superconduct ing so leno id has 
been moved for nearly the last t ime and is 
now in posit ion in the assemb ly hall on the 
Meyr in site at C E R N , opposi te the cryostat 
that will house the l iquid-argon electro
magnet ic calor imeter. All that remains to do 
now is to sl ide the so lenoid into the 
insulat ing v a c u u m vesse l . 

Built by Tosh iba , under the responsibi l i ty 
of KEK in J a p a n , the so lenoid is 2.4 m in 
d iameter , 5.3 m long and we ighs 5.5 tonnes . 
Its axial magnet ic field of 2 Tes la will def lect 
the part icles inside the A T L A S inner 
detector. T h e inner detector, wh ich consists 
of three sub-detectors, will be instal led inside 
the so lenoid at a later date, before the 
comple te structure is t ranspor ted across 
the road f rom the main site to the A T L A S 
cavern at Point 1 on the ring of the Large 
Hadron Coll ider. 

Two modules of the CMS solenoid at the 
manufacturers, Ansaldo, in Italy; the first 
module is the lower of the two. (Photo: INFN.) 

comple ted , the superconduct ing solenoid 
will boast a notable record: with its 
2.6 Gigajoule of energy it will hold the wor ld 

record for energy stored in a magnet. 
INFN has been responsible for the design 

and construct ion of the so-cal led cold mass, 
i.e. the coil and mechanica l structures that 
will be cooled to 4.2 K. Construct ion of the 
coil has required the deve lopment of some 
innovat ive technologies. Since the magnet ic 
field is so high and the device so big, large 
e lectromagnet ic forces are generated inside 
the solenoid caus ing mechanical deformat ion 
that could prevent it f rom working. The 
s tandard solut ion for such problems is to 
use a reinforcing mechanica l structure to 
contain the so leno id , but this would not have 
been suff icient in this case. To avoid the 
smal lest deformat ion, which would make 
the cables lose their superconduct ing 
propert ies, the re inforcement has been 
inserted directly inside the cables. This 
innovat ive solut ion required remarkable 
technical skills. It w a s also necessary to 
deve lop a sophist icated automated winding 
sys tem to form the solenoid coils with 
high geometr ical precis ion. 

solenoid approaches its final position 

The ATLAS superconducting solenoid during one of the transport operations. Securely 
attached to the overhead crane, the solenoid is situated in front of the opening to the 
liquid-argon electromagnetic calorimeter, where it will soon be inserted. 
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SPEAR ring comes to life again as a 
dazzling new synchrotron light source... 
The latest reincarnation of the famous S P E A R 
storage ring - S P E A R 3 - was formal ly opened 
at a dedicat ion ceremony at the Stanford 
Linear Accelerator Center (SLAC) on 29 
January . The new synchrotron light source 
incorporates the latest techno logy - much of 
it p ioneered at the Stanford Synchrot ron 
Radiat ion Laboratory (SSRL) and SLAC - to 
make it competi t ive with the best synchrot ron 
sources in the wor ld . S o m e 2000 scient ists 
will use the new mach ine 's extremely bright 
X-ray light each year in studies ranging f rom 
materials sc ience to structural biology. 

Thirty years ago SSRL was among the first 
laboratories in the world to use synchro t ron-
produced X-rays for s tudying matter at atomic 
and molecular scales, and the first to offer 
beam t ime to a broad user communi ty of 
scientists f rom academic , industry and 
government laboratories (based on peer-
rev iewed proposals) . The original S P E A R ring, 
built for part icle-physics research at S L A C , 
y ie lded several major d iscover ies in the field 
and also provided fertile ground for 
innovat ing synchrot ron techn iques (CERN 
Courier June 2003 p l 6 ) . 

S P E A R 3 is a complete rebuild and upgrade 

of the S P E A R 2 ring, with all the magnets , 
v a c u u m and radiofrequency sys tems having 
been replaced. The new ring also has the 
capaci ty for eight to 10 more beam lines, with 
associated exper imental stat ions. A gift of 
$14.2 million ( ~ € 1 1 . 2 mill ion) f rom the 
Gordon and Betty Moore Foundat ion to the 
California Institute of Techno logy will al low 
scientists at Caltech and Stanford University 
to col laborate on the building of a designated 

beam line for structural molecular-biology 
research. T h e quality and brightness of 
S P E A R 3 ' s X-ray light is well suited to studying 
complex biological sys tems. 

T h e S P E A R 3 project was completed on 
t ime and to the budget of $58 million 
( ~ € 4 6 mil l ion). T h e first electron beams 
circulated in the new ring in mid-December 
2003 and the first exper iments are scheduled 
to begin in March this year. 

... and STELLA lights way to a better electron accelerator 
Researchers at the Brookhaven National 
Laboratory have deve loped a compac t l inear 
accelerator that uses laser light to accelerate 
electrons with better eff iciency and energy 
characterist ics than before. The results f rom 
the exper imental dev ice, called Staged 
Electron Laser Accelerat ion ( S T E L L A ) , may 
help in the deve lopment of l inear accelerators 
that can deliver higher energies than are 
currently possible using mic rowaves, wi thout 
becoming unfeasibly long and expens ive . 

T h e STELLA exper iment was per formed at 
Brookhaven 's Accelerator Test Facility (ATF) 
by a col laborat ion from Brookhaven and the 
universit ies of California at Los Ange les , 
Stanford and Wash ing ton , together with STI 
Optronics. Electrons f rom a s tandard linac at 

the ATF were injected into STELLA with an 
initial energy of 45 MeV. The electrons were 
then directed into an inverse free-electron 
laser ( IFEL) , with powerful permanent 
magnets that force the electrons to "wiggle" 
so that they radiate. Simul taneously, a laser 
beam was sent through the IFEL. The laser 
effectively regulated the electrons' energy, 
speeding up the s lower electrons and s lowing 
down the faster ones. As a result, the s low 
electrons caught up with the fast ones and 
grouped together to create "mic robunches" , 
each with a length of only 1 micrometre. 
This is one of the shortest microbunches ever 
created, its importance being that it makes it 
possible to accelerate the electrons without 
leaving many behind. Addit ional ly, the 

mic robunches were separated by only 
10.6 micrometres, a distance equal to the 
wave length of the laser beam. 

The mic robunches then travel led into a 
second IFEL, where they were accelerated by 
the laser beam to a higher energy, while stay
ing tightly g rouped. Th is process is in fact the 
essence and most difficult part of the experi
ment. However , the researchers were able to 
accelerate the mic robunches without leaving 
behind a large number of electrons: up to 
80% of the electrons remained t rapped in the 
mic robunches. Moreover , STELLA accelerated 
the electrons f rom 45 MeV to more than 
54 MeV. T h e t rapped electrons also remained 
more or less monoenerget ic , with more than 
two-thirds staying within 0.36% of 54 MeV. 
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Keith Hodgson (left), the director of the Stanford Synchrotron Radiation Laboratory, 
praises his staff at the dedication ceremony (right) for the new SPEAR3 facility. 
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• 100 ASICs available off-the-shelf, with 1-1000 channels, linear/pixelated designs, power 200 uW/ch, noise 
< 50e rms, dynamic from 5fC to 50pC, rad. hard to 100Mrad, SEU/SELU protection. We may have in stock 
the ASIC you need. Several ASIC families available. 

• PC-based DAQ systems for data rates up to some 100,000 events/second. Prices starting from 5,000€. 
• Solid state gamma cameras for energies in the 20-300keV range based on pixetated C Z T modules. 

Cameras from 4cm x 4cm to 20cm x 20cm have been designed and delivered. 
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CERN COURIER ARCHIVE: 1962 
To celebrate the 50th anniversary of CERN, we look back at some of the items in the early issues of CERN Courier 

HISTORIC T E L E V I S I O N PROGRAMME 

Telstar shows CERN to two continents 
During the even ing of 23 Ju ly abou t 200 
mill ion televis ion v iewers in Europe and North 
Amer i ca had a short g l impse of C E R N at work. 

Show ing our organizat ion to so m a n y 
people w a s a remarkable feat in more w a y s 
than one : first, because of the large number 
of v iewers , wh ich clearly s h o w s the power of 
modern means of commun ica t i on , and also 
because of the preparatory work needed for 
this direct te levis ion t ransmiss ion . T h e n there 
w a s the technica l ach ievemen t represented 
by the artificial satel l i te, relaying electro
magnet ic w a v e s f rom Europe to the U S . 
Finally, it w a s an historic occas ion to wh ich 
no one could remain indifferent. 

T h e t ransmiss ion in wh ich C E R N took part 
w a s the first of its k ind. Never before had so 
m a n y television v iewers f rom such a large 
sect ion of the wor ld s imul taneous ly wa tched a 
direct " l ive" p rogramme. Natural ly it w a s not 
possible in Europe to judge the quality of the 
pictures received in the US via the Telstar 
satell ite. However , the pictures f rom Amer ica 
on the smal l European screens were excep
tionally clear consider ing the d is tance, the 
number of relays and the f requent swi tchovers 
f rom one sys tem to another be tween camera 
and receiver. From 7.58 p.m. onwards on 23 
Ju ly , the 20 or so people gathered round the 
monitor ing screens placed by Swiss Telev is ion 
in the PS south generator courtyard clearly felt 
the historic importance of this moment , whi le 

Before the programme, producer Walter Plilss 
(centre) gives instructions to cameraman 
H Schule in the PS control room, while L Blanc 
and E Ratcliff (seated right) await their turn. 

the communica t ions satellite inexorably con
t inued in orbit thousands of ki lometres away . 

Three hours later it w a s the turn of the Euro-
vis ion network to send its pictures to Telstar to 
be distr ibuted over the North Amer ican conti
nent. Th rough the Eurovision network, Austr ia, 
Belg ium, France, Italy, the Federal Republ ic of 
Germany , S w e d e n , Swi tzer land, the United 
K ingdom and Yugos lav ia gave the US a 
g l impse of life in Europe at that moment . 

At Meyr in , 60 hours of fever ish preparat ion 
were resolved in 60 seconds of direct t rans
miss ion. O n e minute of p rogramme t ime had 
been al lotted to Swi tzer land, and simi lar 

EDITOR'S NOTE 
July 1962 was a very busy month for CERN, 
with two consecutive major international 
conferences. Below we highlight the 
concern expressed at the instrumentation 
conference about the large amount of 
data possible fro/n a single detector. The 
month also saw this historic broadcast from 
CERN to North America by the Telstar 
satellite; now high-quality transmission 
is possible via land-based high-speed 
networks being developed to handle vast 
data transfers between Europe and North 
America (see pl6). 

t imes to each of the other countr ies taking 
part in the Tels tar p rog ramme. Within the 
limits of such a short t ime each country w a s 
expec ted to t ransmi t to Amer ican te levis ion 
v iewers not so much a page f rom our conti
nent 's commerc ia l cata logue as s o m e 
ev idence of our historic inher i tance or cultural 
backg round . Moreover , because of the 
di f ference in t ime, it w a s the night-life of 
Europe that had to be s h o w n . A l though it w a s 
10.58 p.m. in G e n e v a , it w a s early even ing 
in N e w York , and Cali fornia was still swel ter ing 
in the af ternoon S u n . 

• Taken from C E R N Cour ier Augus t 1962 plO. 

GENEVA 16-18 JULY 
The 1962 International Conference on 
Instrumentation for High-Energy Physics 
Near ly 300 part ic ipants f rom 24 different 
countr ies jo ined those work ing at C E R N to 
cons ider and d iscuss the appara tus (not 
count ing the accelerators t hemse l ves ) 
required to carry out the kind of exper iments 
w h o s e results had been reported the prev ious 
w e e k [at the 11th "Roches te r con fe rence" 
at C E R N ] . More specif ical ly, they were 
interested in the deve lopmen t of the equ ip
ment to make possible the next a d v a n c e s in 
exper imenta l h igh-energy phys ics . [ . . . ] 

Spa rk -chamber pho tographs are at p resent 

p rocessed in a simi lar w a y to those f rom 
bubb le c h a m b e r s , but the deve lopmen t of 
ful ly au tomat ic me thods has b e c o m e 
imperat ive ow ing to the rate at wh ich the 
pho tographs can be p roduced - the A r g o n n e 
group at C E R N , for examp le , recent ly took 
100 000 p ic tures in one week , 15 000 of 
wh ich con ta ined speci f ic t racks of pr imary 
interest. T h e genera l ly lower precis ion 
required in the measu remen ts and the 
a lmost total absence of background make 
the task eas ier than in the case of bubb le 

c h a m b e r s , but the probab le need to deal 
wi th c h a m b e r s of compl ica ted s h a p e s and 
the ef fects of opera t ion in magnet ic f ields 
can make it more difficult. Cathode-ray- tube 
scann ing s y s t e m s of var ious t ypes are 
current ly be ing d e v e l o p e d ; one at C E R N 
is des igned to scan only be tween the plates, 
g iv ing a posi t ion m e a s u r e m e n t for each 
spark it encoun te rs . 

S o m e workers a im to use televis ion 
cameras that will record directly the posit ions 
of the sparks in digital form on magnet ic 
tape , w i thout the use of fi lm at all. More 
radical ly, the new types of spark chamber 
reported at the con ference may el iminate 
a l together the detect ion of light and 
s u b s e q u e n t digit izing of the track. 
• Taken from C E R N Cour ie rAugus t 1962 p3. 
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PHYSICSWATCH 
Compiled by Steve Reucroft and John Swain 

Does dielectric deliver îEl^f 1 8 

SOTTl f^l" l l 1 Tl Q" I OIT Tl Ol" M I W Q"̂  Scientists at Purdue University have so lved a 
L / V / X X X v / l / A X X X ± w 1 1 V / t l l l l l W i major mystery: how mussels stick to things 

so amazingly wel l . Jona than Wilker and 
By now, many people are famil iar with the v a c u u m and start to move . col leagues found that the key is in the cross-
idea that the vacuum contains energy - in Unlike the Casimir effect, which is linking of proteins provided by iron extracted 
fact a great deal of it - and that s o m e can be insensit ive to the ultraviolet cut-off needed to f rom sea water, 
extracted to do physical work. The s tandard make summat ions and integrals converge, Th is is the first t ime that transit ion metals 
example is the Casimir effect, where two this new effect depends critically upon have been found to play a role in biological 
parallel metal plates are pulled together as high-frequency vacuum modes and is, in this structural materials. It is now a fascinat ing 
they reduce the zero-point energy in the sense , more like the Lamb shift. The effect is problem to f igure out if this is perhaps a 
v a c u u m between them. Now Alexander calculated to be small - about 50 n m / s for a w idespread phenomenon that s imply has not 
Feigel of Rockefel ler University in New York 1 7 T magnet ic field and an electric field of been recognized until now. Many interesting 
has predicted an analogous but rather 100 000 V / m - but might just be observable, spinoffs could fol low from this work, 
surprising effect: that a dielectric body including new, more environmental ly fr iendly 
p laced in crossed electric and magnet ic f ields Further reading antifouling agents for boats and new classes 
will extract linear momen tum from the A Feigel 2004 Phys. Rev. Lett. 92 020404. of adhes ives . Amazing ly , mussels can even 

stick to Tef lon ! 

HvHtviapti fltnrrK b y v o l u m e o r 5 , 3 % b y w e i g h t 

l i y v l l U ^ C l l iXLUlllo The material is made at high pressure Further reading 
Cfdi c t i m l r t t l \ n a ( 2 0 0 - 3 0 0 M P a ) and moderate temperature M J Seve r e t a/. 2004 Angewandte Chemie 
^ t l S L U C l V 111 l L C ( 2 4 0 - 2 4 9 K) , but once formed can be kept at ( Internat ional Edit ion) 43 448. 

normal pressure if maintained at 77 K. For 
Tradit ional approaches to storing hydrogen in different pressures and temperatures, even /̂ "U fvir\o (Ttl P ÎTI PtVl C\F\ 
sol ids involve pushing hydrogen a toms into higher concentrat ions of hydrogen - more than vj l l i l l l lJJiX^llC l l lvU. lv/ i i 
metals like pal ladium, b u t a new strategy that 33% by weight - can be achieved by using H p i t C ItTllTinfflCl 
is showing promise is to use ice. W e n d y Mao methane instead of water. Even better results UCdlo d l l l l l l U l l l d , 
of the University of Chicago in Illinois and might be obtained with other molecular solids. 
Ho-kwang Mao of the Carnegie Institution in In the quest for heat pumps based on some-
Wash ing ton DC have synthes ized a hydrogen Further reading thing rather more environmental ly fr iendly 
clathrate hydrate (chemical formula W L Mao and H K Mao 2004 Proc. Nat. than a m m o n i a , Jack Jones of Cal tech, with 
H 2 ( H 2 0 ) 2 ) that holds 50 g per litre of hydrogen Acad. Sci. 101 708. funding f rom N A S A ' s Jet Propulsion 

Laboratory in Pasadena , has found that a 
KVCTNN n l i c m i \7ÎplrIc RNVIFRV&NI Y VO\7Q mixture of carbon dioxide and alcohol will do 
rLLgUll p i d M l U l y i C l U o LUllCJLClll ARLAYO t h e j o b nicely. Instead of being mechanical ly 

dr iven, the " c h a m p a g n e heat pump" uses 
Coherent X-rays have been coaxed f rom argon nonl inear interactions with a plasma of heat to drive the absorp t ion /desorp t ion cycle 
by a group of physicists at JI LA, the University ionized argon. The deve lopment of new light of carbon dioxide in ethanol . The danger of 
of Colorado and the National Institute of sources in this f requency range is expected to fire is mit igated by the omnipresent carbon 
Standards and Techno logy , in Boulder, play an important role in nanometre-scale dioxide - a n d . a t a pinch you could drain the 
Colorado. The X-rays are very soft ( low imaging, wh ich is clearly of increasing thing, add s o m e water and perhaps get a 
energy ) , but technical ly still X-rays, or at least importance in both biology and technology. dr inkable "Cal i fornian champagne " ! 
ext reme ultraviolet radiation. Emily Gibson 
and her col leagues have used high-order Further reading Further reading 
harmonic generat ion, whereby visible light is E A Gibson et al. 2004 Phys. Rev. Lett. h t t p : / / w w w . n a s a t e c h . c o m / B r i e f s / J a n 0 4 / 
multipl ied in f requency many t imes by 92 033001 . NP019855 .h tm l . 

http://cerncourier.com
http://lllvU.lv/ii
http://www.nasatech.com/Briefs/Jan04/


ASTROWATCH 
Compiled by MarcTurler 

Double pulsar opens up new astrophysics 
An international team of scientists work ing 
with the 64 m Parkes Te lescope in Austral ia 
and the 76 m Lovell Te lescope at the Jodrel l 
Bank Observatory in the UK has found that the 
recently d iscovered neutron-star binary 
J0737-3039 is in fact a double-pulsar 
sys tem. Because the two pulsars are very 
tightly orbiting each other, this d iscovery will 
al low unprecedented tests of Einstein 's 
general theory of relativity. 

A neutron star is the col lapsed core of a 
massive star that has ended its life in a super-
nçva explosion. Neutron stars are about the 
same mass as the S u n , but only about 20 km 
across. These incredibly dense objects are 
called pulsars if they produce a pulsating radio 
signal, as first detected in 1967. A pulse 
occurs each t ime the rapidly spinning neutron 
star has its beam of radio waves pointing 
towards the Earth. Pulsars spinning at a rate of 
hundreds of t imes a second are more accurate 
t ime keepers than even the best atomic clocks 
on Earth, and this very precise t iming al lowed 
the discovery in 1990 of the two first extrasolar 
planets, orbiting the pulsar PSR 1257+12. 

Observat ions of sys tems in which a pulsar is 
in orbit around another neutron star have been 
able to prove the existence of gravitational 
radiation as predicted by Albert Einstein and 
have provided very sensit ive tests of his gen
eral theory of relativity. In 1993 Joseph Tay lor 
and Russell Hulse earned the Nobel prize for 

Picture of the month 
While the two NASA rovers Spirit and 
Opportunity are rolling around on opposite 
sides of the red planet, the Mars Express 
orbiter of the European Space Agency has 
detected water ice for the first time at the 
south pole of Mars. This colour picture 
shows a channel (Reull Vallis) that was 
once formed by flowing water. The 
landscape is shown in perspective and is 
based on the three-dimensional 
measurements of the High Resolution 
Stereo Camera (HRSC) onboard the 
Mars Express. The area shown is 100 km 
across and is located to the east of 
the Hellas basin. (Courtesy ESA/DLR/ 
FU Berlin, G Neukum.) 

Artist's impression of the two pulsars orbiting 
around the common centre of mass in 
2.4 hours. The faster rotating pulsar spins 
45 times per second, or almost 3000 times 
per minute. In the same time, the slower 
rotating pulsar spins only 22 times, or every 
2.8 seconds. (Courtesy Michael Kramer, Jodrell 
Bank Observatory, University of Manchester.) 

their d iscovery of such a binary pulsar, PSR 
B1913+16, and their precise measurement of 
the rate of the binary system's orbital decay 
through the emission of gravitational waves . 

Wha t makes the newly d iscovered neutron-
star binary J0737-3039 special , is that its 
orbital period is only 2.4 hours, which is three 
t imes shorter than that of the Hu l se -Tay lo r 
binary pulsar (Burgay et al. 2003) . T h e two 
neutron stars orbit each other so tightly that 
the orbit wou ld fit inside the Sun . Because of 

gravitat ional w a v e emiss ion, the two stars will 
coalesce in only around 85 million years , 
sending an ult imate ripple of gravity w a v e s 
across the universe. The discovery of this 
closely orbit ing sys tem implies that such 
coa lescences must occur more frequent ly 
than was previously thought. 

This result, published at the end of December 
2003, proved however not to be the end of the 
story. The same team, from Australia, India, 
Italy and the UK, has now announced the detec
tion of a pulsed signal from the second neutron 
star of the J0737-3039 system (Lyne et ai 
2004) . Already four different effects beyond 
those predicted by Newton's laws of gravity 
have been measured and found to be com
pletely consistent with Einstein's general theory 
of relativity. On a time-scale of a few years, 
other relativistic effects should be detectable. 
Andrew Lyne of Manchester points out that, 
"While experiments on one pulsar in such an 
extreme system as this are exciting enough, the 
discovery of two pulsars orbiting one another 
will allow us to undertake precise new tests of 
general relativity and probe energetic physical 
processes that occur in the magnetosphere, or 
'extended atmosphere ' , of a neutron star." 

Further reading 
M Burgay et al. 2003 Nature 426 531. 
A Lyne et al. 2004 Science (in press) 
h t t p : / / a r x i v . o r g / a b s / a s t r o - p h / 0 4 0 1 0 8 6 . 
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NETWORKS 

High-speed networking 
over the Internet is 
becoming increasingly 
important as CERN 
and other laboratories 

around the world gear up for the Grid. 
Olivier Martin takes a look at the evolution 
towards CERN's current involvement in 
long-distance data-transfer records. 

O n f i ve s e p a r a t e o c c a s i o n s du r i ng 2 0 0 3 , a t e a m led by H a r v e y 
N e w m a n of Ca l t ech a n d Ol iv ie r Mar t in of C E R N e s t a b l i s h e d n e w 
reco rds for long-d is tance da ta t rans fer , ea rn ing a p lace for t h e s e 
r e n o w n e d a c a d e m i c inst i tut ions in the Guinness Book of Records. 
Th i s year , n e w records are e x p e c t e d to be se t as the pe r f o rmance of 
s ing le -s t ream T C P ( T r a n s m i s s i o n Cont ro l Pro toco l ) is p u s h e d c loser 
t o w a r d s l O G b p s (g igab i t s pe r s e c o n d ) . In 1980 "h igh s p e e d " 
m e a n t da ta t r ans fe rs of 9.6 k b p s (k i lob i ts per s e c o n d ) , us ing 
a n a l o g u e t r a n s m i s s i o n l ines. S o t he a c h i e v e m e n t of l O G b p s in 
2 0 0 4 c o r r e s p o n d s to an i n c r e a s e by a fac to r of 1 mi l l ion in 25 
y e a r s - an a d v a n c e tha t is e v e n m o r e impress i ve than the c lass ic 
" M o o r e ' s l aw" of c o m p u t e r p r o c e s s i n g , in w h i c h the n u m b e r of 
t rans is to rs per in tegrated circuit ( i .e . t he p rocess ing p o w e r ) fo l lows 
an a l m o s t exponen t i a l c u r v e , i nc reas ing by a fac to r of t w o e v e r y 
18 m o n t h s , or 1000 eve ry 15 y e a r s . 

Wh i l e chas ing s u c h reco rds m a y s o u n d like an i r re levant g a m e , 
t he unde r l y i ng goa l is of g rea t i m p o r t a n c e for t he fu tu re of da ta -
in tens ive c o m p u t i n g Gr ids . In part icular , for C E R N a n d all the phys i 
c is ts ac ross the wor ld wo rk ing on e x p e r i m e n t s at the Large Had ron 
Col l ider ( L H C ) , the LHC C o m p u t i n g Grid will d e p e n d crit ically on sus
ta inable multi-gigabit per s e c o n d th roughpu t be tween dif ferent si tes. 
T h e evo lu t ion of s u c h long-d is tance c o m p u t i n g capabi l i t ies at C E R N 
has b e e n an impor tan t part of C E R N ' s d e v e l o p m e n t as a labora
tory, not on ly for Eu ropean users but a lso for t hose across the g lobe. 

T h e ear ly days 
C o m p u t e r ne tworks h a v e b e e n of i nc reas ing impo r tance at C E R N 
s i n c e the ear ly 1 9 7 0 s , w h e n t he f irst l inks w e r e se t up b e t w e e n 
e x p e r i m e n t s a n d the c o m p u t e r cen t re . T h e first ex terna l l inks, for 
e x a m p l e to the Ruther ford Labora to ry in the UK, w e r e on ly es tab-
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Some of the members of the DataTAG project team at CERN 
and a member of the Caltech team who, together with their 
partners', were behind the first record-breaking transfer of data 
between CERN and California in February 2003. From left to 
right: Martin Fluckiger, Stan Cannon, Paolo Moroni, Sylvain 
Ravot (Caltech), Elise Guyot, Daniel Davids, Olivier Martin 
(project manager), Rosy Mondardini and Edoardo Martelli. 

l ished dur ing the late 1970s a n d had v e r y l imited pu rposes , s u c h 
as remote j o b s u b m i s s i o n a n d ou tpu t file ret r ieval . T h e n f rom 1974 
o n w a r d s , t oge the r w i th the E A R N / B I T n e t a n d U U C P mai l ne twork 
in i t ia t ives, t he re w a s an e x t r a o r d i n a r y d e v e l o p m e n t in e lec t ron ic 
mai l . Howeve r , it w a s on ly in the late 1980s that the founda t ions for 
t o d a y ' s h igh -speed ne two rks w e r e t ru ly laid d o w n . I ndeed , the first 
in ternat ional 2 M b p s ( m e g a b i t s per s e c o n d ) link w a s instal led by 
INFN dur ing t he s u m m e r of 1 9 8 9 , j us t in t ime for t he s tar t -up of 
C E R N ' s Large E lec t ron Pos i t ron col l ider. H o w e v e r , there w a s still no 
Eu rope -w ide c o n s e n s u s on a c o m m o n p ro toco l , a n d as a c o n s e 
q u e n c e mul t ip le b a c k b o n e s h a d to be m a i n t a i n e d , e.g. D E C n e t , 
S N A , X 2 5 and T C P / I P ( T C P / I n t e r n e t P ro toco l ) . 

Back in late 1988 , t he Nat iona l S c i e n c e Founda t ion ( N S F ) in the 
U S m a d e a n a l l - impor tan t c h o i c e w h e n it e s t a b l i s h e d N S F n e t , 
t he f irst T C P / I P - b a s e d n a t i o n w i d e 1.5 M b p s b a c k b o n e . T h i s w a s 
ini t ial ly u s e d to c o n n e c t t h e N S F - s p o n s o r e d S u p e r C o m p u t e r 
C e n t e r s a n d w a s later e x t e n d e d to s e r v e reg iona l n e t w o r k s , 
w h i c h t h e m s e l v e s c o n n e c t e d un ivers i t ies . T h e N S F n e t , w h i c h is at 
t he or ig in o f t h e a c a d e m i c a s we l l a s t he c o m m e r c i a l In te rne t , 
s e r v e d a s t h e e m e r g i n g c o m m e r c i a l I n te rne t b a c k b o n e unti l its 
s h u t d o w n in 1995 . 

In 1990 C E R N p icked up on th is d e v e l o p m e n t - not w i thou t t> 
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The evolution of the Intemet2 land-speed records, in gigabits per 
second (top) and the unit of terabit-metres per second used for the 
record (bottom), from their inception in March 2000 to the records 
recently established by the team led by Caltech and CERN. 

Satellite days - the STELLA project 

The 3 m diameter antenna that was'installed at CERN for 
data transmission via the OTS satellite in the STELLA project. 

On 11 May 1978 a rocket carrying the OTS-2 satellite of the 
European Space Agency was successfully launched. The 
satellite was a key part of a pioneering experiment, funded by 
the EEC (the forerunner of the European Union), for high-speed 
large-volume data transmission. The project - STELLA -
involved CERN and other European particle-physics centres, 
including the Centro Nazionale universitario di calcolo 
elettronico (CNUCE) in Pisa, Italy, the DESY laboratory in 
Germany and the Rutherford Laboratory in the UK. By 1981 the 
system had been used for various tests of technical 
performance at the design transmission speed, with a 1600 bpi 
(bits per inch) magnetic tape being sent in about 10 minutes, 
corresponding to about 500 kilobits per second. 

c o u r a g e - and toge the r wi th IBM a n d o ther a c a d e m i c par tners in 
E u r o p e d e v e l o p e d the use of E A S I n e t ( E u r o p e a n A c a d e m i c Super 
c o m p u t e r Init iat ive N e t w o r k ) , a mul t i -protocol b a c k b o n e that took 
a c c o u n t of E u r o p e ' s ne twork ing id iosyncras ies . EASIne t , w h i c h also 
p rov ided a 2 M b p s T C P / I P b a c k b o n e to E u r o p e a n resea rche rs , had 
a 1.5 M b p s link to N S F n e t t h r o u g h Corne l l Un ive rs i t y a n d w a s at 
t h e or ig in of t he E u r o p e a n In ternet , t o g e t h e r w i th E B O N E . T h e s e 
d e v e l o p m e n t s es tab l i shed T C P / I P as the ma jo r protocol for Internet 
b a c k b o n e s a round the wo r l d . 

T h e In ternet2 land-speed r e c o r d s 
In 2 0 0 0 , to s t imu la te con t inu ing resea rch a n d exper imen ta t i on in 
T C P t rans fers , the In ternet2 pro ject , a conso r t i um of app rox ima te l y 
2 0 0 US univers i t ies wo rk i ng in par tnersh ip wi th indust ry and gov
e r n m e n t , c rea ted a c o n t e s t - t he In te rne t2 l a n d - s p e e d record 
( I 2 L S R ) . T h i s i n vo l ves s e n d i n g da ta a c r o s s long d i s t a n c e s by 
" ter res t r ia l " m e a n s - tha t is, by u n d e r g r o u n d as wel l as u n d e r s e a 
f ibre-opt ic ne two rks , as o p p o s e d to by sate l l i te - us ing both the 
cur ren t In ternet s t a n d a r d , IPv4 , a n d the nex t -genera t ion Internet , 
I P v 6 . T h e uni t of m e a s u r e m e n t for t he c o n t e s t is b i t -met res per 
s e c o n d - a v e r y w i se and fair dec is ion as the comp lex i t y of ach iev
ing high t h roughpu t wi th s t a n d a r d T C P insta l la t ions, e.g. on Linux, 

is i ndeed propor t iona l to the d i s tance . 
In 2 0 0 3 C E R N a n d its par tners w e r e invo lved in severa l record-

b reak ing fea ts . O n 2 7 - 2 8 F e b r u a r y a t e a m f rom C a l t e c h , C E R N , 
L A N L a n d S L A C en te red the s c i e n c e a n d t echno logy sec t ion of the 
Guinness Book of Records w h e n t h e y se t an IPv4 record w i th a 
s ingle 2 .38 G b p s s t r e a m ove r a 1 0 0 0 0 km path b e t w e e n G e n e v a 
a n d S u n n y v a l e , Ca l i f o rn ia , by w a y of C h i c a g o . Less t h a n t h r e e 
m o n t h s later, a n e w IPv6 reco rd w a s es tab l i shed on 6 M a y by a 
t e a m f rom Ca l tech a n d C E R N , w i th a s ing le 9 8 3 M b p s s t r eam ove r 
7067 km b e t w e e n G e n e v a a n d C h i c a g o . 

Howeve r , t hanks to the 10 G b p s D a t a T A G circuit ( see " D a t a T A G " 
box, p l 5 ) , wh i ch b e c a m e ava i lab le in S e p t e m b e r 2 0 0 3 , new IPv4 
and IPv6 reco rds w e r e es tab l i shed on ly a f ew m o n t h s later, f irst 
be tween G e n e v a and Ch icago , and then be tween G e n e v a , Cal i fornia 
and Ar i zona . O n 1 Oc tobe r a t e a m f rom Cal tech and C E R N ach ieved 
the amaz ing result of 38 .42 petab i t -met res per s e c o n d with a s ingle 
5.44 G b p s s t r e a m o v e r t he 7 0 7 3 km path b e t w e e n G e n e v a a n d 
Ch icago . Th is c o r r e s p o n d s to the t rans fer of 1.1 te raby tes of phys ics 
data in less than 3 0 minu tes , or the t ransfer of a ful l- length D V D to 
Los Ange les in abou t 7 s e c o n d s . 

T h e n in N o v e m b e r a longer 10 G b p s path to Los Ange les , California 
and Phoenix , A r i zona , b e c a m e avai lab le th rough Ab i lene, the US uni-
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v e r i t i e s ' backbone , and C A L R E N , the Cal i fornia Research and Edu 
cat ion Network . Th is a l lowed the IPv4 and IPv6 records to be broken 
yet again on 6 N o v e m b e r , ach iev ing 5.64 G b p s with IPv4 over a path 
of 1 0 9 4 9 km b e t w e e n C E R N a n d Los A n g e l e s , i.e. 61 .7 petabit-
metres per s e c o n d . Five days later, a t ransfer at 4 G b p s with IPv6 over 
1 1 5 3 9 km b e t w e e n C E R N a n d Phoen i x t h rough Ch i cago a n d Los 
A n g e l e s es tab l i shed a record of 46 .15pe tab i t -me t res per s e c o n d . 

A s w i th all r eco rds , t he re is still a m p l e r o o m for i m p r o v e m e n t . 
W i th the a d v e n t of PCI Exp ress ch ips , fas ter p rocesso rs , imp roved 
m o t h e r b o a r d s and bet ter l O G i g E ne twork adap te rs , t he re is little 
d o u b t it will be feas ib le to push the p e r f o r m a n c e of s ing le -s t ream 
T C P t ranspor t m u c h c loser to 10 G b p s in the nea r fu tu re , that is, 
wel l a b o v e 100 petab i t -met res per s e c o n d . 

A s H a r v e y N e w m a n , head of the Ca l tech t e a m and cha i r of the 
ICFA S tand ing C o m m i t t e e on In ter -Regional Connec t i v i t y , has po in
ted out , t h e s e records are a ma jo r m i les tone t o w a r d s the goal of 
p rov id ing o n - d e m a n d a c c e s s to h i gh -ene rgy p h y s i c s da ta f r om 
a r o u n d t he w o r l d , us ing s e r v e r s tha t are a f fo rdab le to phys ic i s t s 
f r om all reg ions. I n d e e d , for t he first t ime in the history of w ide -a rea 
ne twork ing , pe r f o rmance has b e e n l imited on ly by the e n d s y s t e m s 
a n d not by the ne twork : s e r v e r s s ide by s ide h a v e the s a m e T C P 
p e r f o r m a n c e as se rve rs s e p a r a t e d by 10 0 0 0 k m . 

O l i v i e r M a r t i n , CERN. 

DataTAG 
The DataTAG project is co-funded by the European Union, the 
US Department of Energy through the California Institute of 
Technology (Caltech) and the US National Science Foundation 
through the Electronic Visualization Lab at the University of 
Illinois in Chicago. It is led by CERN and brings together the 
following leading European research agencies: Italy's Istituto 
Nazionale di Fisica Nucleare (INFN), France's Institut National 
de Recherche en Informatique et en Automatique, the UK's 
Particle Physics and Astronomy Research Council and the 
Dutch Universiteit van Amsterdam. Its mission is to establish a 
very high bandwidth bridge between the European and 
American scientific communities. DataTAG will create a 
large-scale intercontinental Grid testbed that will focus on 
advanced networking issues and interoperability between 
European and US projects. Two types of network connections 
will be used: a new link for high-performance network service 
and data-transfer application development, and a set of existing 
production links for interoperability test activities that do not 
require separation from production traffic. The current testbed 
is running at 10 Gbps. For more information, see the website 
at: http://datatag.web.cern.ch/datatag. 
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Exploiting the 
transatlantic fight path 

Recent major exhibitions have provided the opportunity to demonstrate the potential of 
the high-speed link between Europe and North America, as Chris Jones reports. 

Romanian president Ion lliescu (left) talks with Harvey Newman 

(centre) and losifLegrand of Caltech at CERN's SIS-on-line stand 

during the ICT4D exhibition at the WSIS in Geneva in December. 

In t w o wor ld exhib i t ions in G e n e v a in 2 0 0 3 , a col laborat ion be tween 

Ca l t ech , C E R N and other in ternat ional inst i tutes se t out to d e m o n 

st rate the possibi l i t ies a n d oppor tun i t i es p rov ided by the D a t a T A G 

t ransa t l an t i c h i g h - s p e e d " l ight p a t h " ( s e e " D a t a T A G " box , p l 5 ) , 

w h i c h current ly a l lows data t r ansm iss ion rates up to 10 gigabi ts per 

s e c o n d ( G b p s ) . T h e S e r v i c e s Indust r ie ls de G e n è v e e x t e n d e d the 

light path into the hear t of the exhib i t ion f loor in G e n e v a ' s exhibi t ion 

cen t re , Pa lexpo , both for ITU T e l e c o m W o r l d 2 0 0 3 in O c t o b e r and 

the In format ion and C o m m u n i c a t i o n T e c h n o l o g i e s for D e v e l o p m e n t 

( I C T 4 D ) exhib i t ion at the W o r l d S u m m i t on the In format ion Soc ie ty 

( W S I S ) in D e c e m b e r . 

A subs tan t i a l , po r tab le da ta cen t re w a s buil t on the exh ib i t ion 

f loor in co l labora t ion wi th T e l e h o u s e , C E R N ' s par tner in the C E R N 

Internet E x c h a n g e Point ( C I X P ) , w h i c h is the ma jo r cent re for inter

c h a n g e be tween t e l ecommun i ca t i ons opera tors in the G e n e v a a rea . 

T h e C I X P w a s e x t e n d e d d i rec t ly to t h e s t a n d in P a l e x p o a n d the 

D a t a T A G light path w a s ab le to p rov ide 10 G b p s E therne t connec 

tivity f rom the s tand to co l laborators in North Amer i ca - Los Ange les 

a n d Ch i cago in the U S and O t t a w a in C a n a d a . (E the rne t has c o m e 

a long w a y f rom the d a y s w h e n it w a s cons ide red to be a techno logy 

Jazz players in Geneva play with others in Canada via the 

transatlantic link-up at ICT4D. (Photo: Daniel Davids.) 

fit on ly for very - loca l -a rea n e t w o r k s ! ) T h e e q u i p m e n t to opera te t he 

D a t a T A G link at t h e s e h ighes t state-of- the-art s p e e d s w a s p rov ided 

by C I S C O , Intel a n d H P at seve ra l po in ts on the light pa th . 

T h e a i m s of t he t w o w o r l d exh ib i t i ons w e r e s l ight ly d i f ferent . 

T e l e c o m W o r l d 2 0 0 3 c o n t i n u e d t h e 2 0 y e a r t rad i t ion of C E R N ' s 

i nvo l vemen t in d e m o n s t r a t i o n s of the latest h igh-speed ne twork ing , 

a n d s u c c e e d e d in b r e a k i n g - y e t aga in - t he In te rne t2 r eco rds 

for h igh -speed da ta t r a n s m i s s i o n o v e r long d i s tances . T h e I C T 4 D 

exh ib i t ion at t h e W S I S f o c u s e d o n d e m o n s t r a t i o n s a i m e d at 

" tu rn ing t he digi tal d i v ide into a digi tal oppo r tun i t y " , in l ine w i th 

the s u m m i t ' s dec la ra t ions . 

N o n e t h e l e s s , a n u m b e r of i t ems w e r e c o m m o n to bo th exh ib i 

t ions, such as the Vir tual R o o m s V ideocon fe renc ing S y s t e m ( V R V S ) , 

w h i c h runs o v e r t he In ternet ; t he Gr id Ca fé por ta l , w h i c h a i m s to 

expla in and d e m o n s t r a t e t he Gr id a n d is prov ing ex t reme ly popu la r 

as a webs i t e ; a n d the M o n A L I S A s y s t e m , w h i c h w a s d e v e l o p e d by 

Ca l tech a n d por t rays in an e legan t a n d h igh ly v isua l m a n n e r t he 

per fo rmance of a wor ldw ide ne twork ing s y s t e m or the mach ines in a 

wor ld Gr id , a n d d e m o n s t r a t e s h o w essent ia l s u c h s y s t e m s are to 

the success fu l opera t ion of Gr ids . 
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T h e V R V S sys tem w a s fundamen ta l to 
m a n y of the demons t ra t i ons . It s h o w e d 
its use for internat ional co l laborat ion in 
v i r tua l o rgan iza t i ons , as wel l as in e-
learn ing a n d e- lectures of seve ra l var i 
et ies, including T o k y o Lectures , a g lobal 
t e a c h i n g pro jec t in m o d e r n art i f icial 
in te l l igence in con junc t i on w i th t he 
Sw iss Educat ion and Research Network; 
an i m p r o m p t u p resen ta t i on f r o m the 
s t a n d to the e-heal th c o n f e r e n c e in 
L o n d o n ; a n d d i rect s e s s i o n s to the 
In te rne t2 c o n f e r e n c e in Ind ianapo l i s , 
inc lud ing the c e r e m o n y w h e r e H a r v e y 
N e w m a n f rom Cal tech and Ol iv ier Mart in f rom C E R N joint ly rece ived 
t w o In ternet2 L a n d s p e e d R e c o r d a w a r d s o v e r the In ternet a n d 
a n n o u n c e d that these records had a l ready been broken again dur ing 
T e l e c o m Wor ld 2 0 0 3 ( s e e CERN Courier D e c e m b e r 2 0 0 3 p 3 6 ) . 

V R V S w a s a lso used w h e n the R o m a n i a n pres ident , Ion l l iescu, 
m a d e an ex tended visit to the ICT4D s tand at W S I S and part ic ipated 
in a v i d é o c o n f é r e n c e w i th his c o m p a t r i o t s back in B u c h a r e s t . 
P res i den t l l iescu w a s a lso ab le to a p p r e c i a t e the ef for ts of his 
compa t r i o t losif L e g r a n d , w h o has m a d e the ma jo r cont r ibut ion to 
M o n A L I S A . E- learning and the g loba l t r ansm iss ion of lec tures is a 

The ICT4D exhibition included a "touch and feel" 
haptic-feedback demonstration between Geneva 
and Ottawa. (Photo: Daniel Davids.) 

s t rong point of such s y s t e m s , espec ia l ly 
in t h e c o n t e x t of W S I S , a n d p lans fo r 
s u c h explo i ta t ion are now tak ing off in a 
real ly mean ing fu l manne r . 

T w o of t h e h igh l igh ts on the I C T 4 D 
s tand w e r e p rov ided by a co l labora t ion 
w i th t he C o m m u n i c a t i o n s R e s e a r c h 
Cen t re in C a n a d a . A remote " touch a n d 
f e e l " d e m o n s t r a t i o n of hapt ic f e e d b a c k 
a l l owed v is i tors to the s tand in G e n e v a 
to " s h a k e h a n d s " wi th peop le in O t tawa 
a n d to feel t he b o d y of a d u m m y , as is 
n e c e s s a r y in t e l emed ic i ne . Th i s equ ip 
m e n t is be ing u s e d on a real bas is in 

C a n a d a for tr ials of remo te ope ra t i ons . T h e f inal " b o u q u e t " w a s a 
jazz concer t , w i th m u s i c i a n s on bo th s faes of t he At lant ic p lay ing 
toge the r . M u s i c i a n s f r o m t h e G e n e v a C o n s e r v a t o i r e de M u s i q u e 
p l a y e d a l ong w i th t h o s e f r o m t h e Ho l y Hea r t of Mary S e c o n d a r y 
Schoo l in St J o h n ' s in N e w f o u n d l a n d . T h i s two -hour sess ion d e m 
ons t ra ted t he w e l l - d e v e l o p e d abi l i ty of m u s i c i a n s to a d a p t to 
d e l a y s of a f e w h u n d r e d m i l l i seconds , a n d the s h o w w a s c l osed 
by a f inal j a m s e s s i o n . 

Chr is Jones, CERN. 
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The atomic 
nucleus 
laboratory 
The 28th Mazurian Lakes Conference on 
Physics, which took place from 31 August 
to 7 September 2003 in Krzyze, Poland, 
looked at the atomic nucleus as a 
laboratory for fundamental processes. 

T h e M a z u r i a n L a k e s m e e t i n g , he ld in a p i c t u r e s q u e reg ion w i th 

t h o u s a n d s of lakes and forests , has evo l ved f rom a bi -annual schoo l 

on nuc lear phys i cs into the c o n f e r e n c e it is n o w a d a y s . At t he s a m e 

t ime, nuc lear phys ics has also e v o l v e d , so that it now conta ins m a n y 

m o r e subf ie lds t han the t radi t ional a reas of nuc lear s t ruc ture and 

reac t i ons ( f igure 1) . T h e 2 0 0 3 m e e t i n g c o v e r e d s e v e r a l of t h e s e 

sub f i e l ds a n d i nc l uded impo r t an t e x c u r s i o n s into a s t r o p h y s i c s 

( n e u t r o n s tars a n d s u p e r n o v a e ) a n d part ic le phys i cs ( n e u t r i n o s ) . 

T h e r e w a s a spec ia l ann ive rsa ry t ouch to the sub jec ts of the 2 0 0 3 

con fe rence . In 1953 the first h y p e r n u c l e u s w a s o b s e r v e d in W a r s a w 

by Mar ian D a n y s z a n d Je r zy Pn iewsk i , fo l l owed by the d i scove ry of a 

doub le hype rnuc leus by the s a m e t w o phys ic is ts . Fifty y e a r s later, 

t he phys i cs of hypernuc le i is expe r i enc ing a large-scale rev iva l , in 

par t icu lar w i th the F I N U D A p r o g r a m at D A F N E in Frascat i (CERN 

Courier Apri l 2 0 0 3 p l 3 ) and the P A N D A project at GSI in Darmstadt , 

both of wh i ch w e r e the sub jec t of p resen ta t ions at the con fe rence . 

Andrze j Wrôb lewsk i f rom W a r s a w g a v e a historical rev iew, descr ib ing 

- wi th m a n y prev ious ly u n k n o w n or neg lec ted detai ls - the turbu lent 

h istory of hypernuc le i and s t r angeness , their d i scovery and progress 

in the f ield dur ing the past half cen tu ry . 

S t r a n g e behav iour 
N u m e r o u s h y p e r n u c l e i con ta i n i ng a s i n g l e - A par t ic le a n d a f ew 

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

exper imenta l l y . H o w e v e r , c o m p a r e d wi th the e n o r m o u s a m o u n t of 

da ta a n d k n o w l e d g e tha t h a s b e e n a c c u m u l a t e d o v e r t h e y e a r s 

for no rma l nuc le i , re lat ively little is still k n o w n a b o u t hype rnuc le i . 

T h e r e a s o n s , of c o u r s e , lie in t he di f f icul t ies re la ted bo th to pro

duc ing t h e m a n d s tudy ing t h e m wi th in the nar row w i n d o w of their 

l i fet imes. A t the meet ing , Y u s u k e Miura f rom T o h o k u ta lked abou t 
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Fig. 1. The variety of fields in modern nuclear physics. 

t he recen t impo r t an t p r o g r e s s in t h e y - s p e c t r o s c o p y s t u d i e s of 

hypernuc le i . T h e bas ic s t reng ths of A - A v e r s u s n u c l e o n - A inter

ac t i ons , w h i c h w e r e d i s c u s s e d by A b r a h a m Ga l f r om J e r u s a l e m , 

are still be ing d e b a t e d , but s o m e c o n c l u s i o n s can be d r a w n f rom 

the s i m p l e s t b i n d i n g - e n e r g y d i f f e rences b e t w e e n s i n g l e - A a n d 

d o u b l e - A hype rnuc le i . 

Both W a n d a A lber i co of To r i no a n d H y o u n g C h a n B h a n g of Seou l 

d i s cussed the w e a k n o n - m e s o n i c d e c a y rates of hype rnuc le i . T h e 

long-s tand ing a n d s t i l l -debated issue here is t he so-ca l led r n / r p 

puzz le , i.e. t h e fac t t ha t t h e o b s e r v e d w i d t h s for A + n ^ n + n 

d e c a y s s e e m to be m u c h larger relat ive to A + p ^ n + p than t hose 

that w e r e ob ta ined theoret ica l ly . H o w e v e r , the recent p rogress , both 

in theory and in exper iment , s e e m s to y ie ld more convergen t results. 

H e l m u t O e s c h l e r f r o m C E R N a n d H e l e n a B i a l k o w s k a f r o m 

W a r s a w p resen ted s o m e theore t i ca l a n d expe r imen ta l s tud ies tha t 

a im at see ing the q u a r k - g l u o n p l a s m a ( Q G P ) t h rough the " l e n s " of 

s t r a n g e n e s s p r o d u c t i o n in h i g h - e n e r g y h e a v y - i o n co l l i s ions . If a 

f l avour -equ i l i b ra ted f i rebal l o f q u a r k ma t te r is p r o d u c e d in ener 

get ic n u c l e u s - n u c l e u s co l l i s ions , t h e n t he p roduc t i on of s t r ange 

a n d n o n - s t r a n g e pa r t i c les s h o u l d be c o m p a r a b l e . T h i s c a n be 

quant i f ied in the f o rm of t he W r ô b l e w s k i factor , À , S = 2 s s / ( u û + d d ) , 

a n d s t u d i e d t h r o u g h t h e p r o d u c t i o n of s t r a n g e m e s o n s , s t r a n g e 

b a r y o n s , or h i d d e n s t r a n g e n e s s . H o w e v e r , e x p e r i m e n t a l m a x i m a 

in Xs, w h i c h r each v a l u e s of a p p r o x i m a t e l y 0.6, can a lso be ex

p la i ned in a s ta t is t i ca l m o d e l by a k i n e m a t i c a l cut t h r o u g h t h e 

T — m b p l ane ( w h e r e T is t e m p e r a t u r e a n d MB i s b a r y o n c h e m i c a l 

po ten t ia l ) . T h e s e m a x i m a the re fo re do not necessar i l y s igna l t he 

p r e s e n c e of t he Q G P . O t h e r s i g n a l s , s u c h as a n a typ ica l e n e r g y 

d e p e n d e n c e for s t r a n g e n e s s p r o d u c t i o n , m a y a l so be i n v o k e d 

but m u s t be c o n f r o n t e d w i th d a t a f r o m h a d r o n - h a d r o n a n d 

h a d r o n - n u c l e u s co l l i s ions . 

Nuclear m e d i u m and nuc lear mat te r 
T h e ques t i on of h o w to m e a s u r e t he h a d r o n m a s s in the nuc lea r 

m e d i u m w a s d i s c u s s e d by Piotr S a l a b u r a f rom Cracow . He a rgued 

that the t w o - b o d y d e c a y s into e + e " pairs cou ld be used to m e a s u r e 

the invar iant m a s s of a d e c a y i n g had ron di rect ly , b e c a u s e lep tons 

t rave l l ing t h r o u g h t he nuc l ea r m e d i u m are not pe r tu rbed in the i r 

f inal s ta tes . Dal i tz d e c a y s , in w h i c h the e + e " pair is a c c o m p a n i e d > 
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by a h a d r o n , can a lso be u s e d ; t he p rob lem here lies in the neces 
si ty of d i sen tang l ing con t r ibu t ions c o m i n g f r o m v a r i o u s d e c a y i n g 
h a d r o n s . T h e H A D E S e x p e r i m e n t at GS I in Da rms tad t is d i rec ted at 
s tud ies of th is k ind. 

A v e r y in teres t ing idea to s t u d y t he equ i l ib ra t ion p r o c e s s in 
n u c l e u s - n u c l e u s col l is ions - tha t is, t he ex tent to wh i ch t hey c o m e 
to equ i l ib r ium in an in te rmed ia te s ta te - w a s d i scussed by Norber t 
H e r r m a n n f r o m He ide lbe rg . By us ing pro jec t i les a n d t a r g e t s tha t 
h a v e di f ferent isospin compos i t i ons , o n e c a n , in a s e n s e , tag the 
nuc léons that or ig inate f rom the project i le or target , to s e e if t hey 
b o u n c e off each other, equi l ibrate, or pass each other. Exper imenta l 
da ta ob ta ined at GS I at the heavy - ion s y n c h r o t r o n , S I S , at energ ies 
of 1 0 0 - 2 0 0 A M e V c lear ly ind icate tha t t he col l id ing s y s t e m s are 
n e v e r ful ly s t o p p e d a n d that the t r a n s p a r e n c y inc reases w i th inci
den t ene rgy . T h u s , at least in th is c a s e , w e h a v e a c lear e x p e r i m e n 
tal ind icat ion that the s y s t e m s are not real ly equ i l ib ra ted . 

A t a comp le te l y di f ferent sca le of ene rg ies of 130 and 2 0 0 G e V , 
s tud ied at B r o o k h a v e n ' s Relat iv ist ic H e a v y Ion Col l ider ( R H I C ) , Ter ry 
A w e s f r om O a k R idge c o m p a r e d the nuc lea r mod i f i ca t ion fac tors 
for A u + A u and d + A u co l l is ions in o rder to pin d o w n the so-ca l led 
je t -quench ing effect (CERN Courier S e p t e m b e r 2 0 0 3 p l 8 ) . At t hese 
e n e r g i e s , j e t s of par t ic les a re p r o d u c e d w h e n t he pro ject i le a n d 
ta rge t q u a r k s co l l ide a n d c rea te f lux t u b e s tha t t h e n b reak into 
co lour less had rons . T h e nuc lear mod i f i ca t ion fac tor g ives a rate of 
t he p roduc t i on of a g i ven h a d r o n in a n u c l e u s - n u c l e u s co l l is ion 
relat ive to that for a p r o t o n - p r o t o n col l is ion. It is s u p p o s e d to tell us 
h o w m u c h the m e d i u m in w h i c h the part ic le is p r o d u c e d in f luences 
the o b s e r v e d out f low of part ic les after the col l is ion. For a fair ly w ide 
reg ion of t r ansve rse m o m e n t a , t he v a l u e s of t he d + A u mod i f i ca 
t ion fac tor are c lose to 1, wh i le t h o s e for A u + A u are s u p p r e s s e d at 
a b o u t 0.3. Th i s is a s t rong ind icat ion tha t a n e w kind of m e d i u m 
(poss ib l y the Q G P ) is c rea ted in the A u + A u col l is ions. 

N e u t r o n s ta rs and neut r inos 
In t h e s e s s i o n on a s t r o p h y s i c s , Ka r lhe inz L a n g a n k e f r o m A a r h u s 
ta l ked a b o u t h o w the p rope r t i es of s te l la r ob jec t s m a y d e p e n d 
s t rong ly on deta i led nuc lear -s t ruc ture proper t ies . First he s h o w e d 
t he i m p r e s s i v e resu l ts of la rge-sca le she l l -mode l ca l cu la t i ons for 
the G a m o w - T e l l e r s t rength d is t r ibut ions. T h e s e ca lcu la t ions agree 
inc red ib ly we l l w i th t he n e w l y m e a s u r e d da ta ( o b t a i n e d wi th 
100 keV reso lu t ion) , ind icat ing tha t the low-energy nuc lear proper
t ies are kept wel l unde r contro l by us ing t w o - b o d y in teract ions in a 
restr icted v a l e n c e s p a c e . T h e n he s h o w e d h o w simi lar ca lcu la t ions , 
p e r f o r m e d in heav ie r nuc le i w i th in t h e M o n t e Car lo she l l m o d e l , 
mod i fy s impl is t ic e lec t ron cap tu re ra tes, w h i c h h a v e been used up 
till n o w to mode l s u p e r n o v a e exp los ions . T h e effect is truly d ramat ic 
b e c a u s e the cap tu re on nucle i n o w tu rns out to be more impor tan t 
t h a n the cap tu re on p ro tons as a s s u m e d p rev ious l y . Dur ing a 
spec ia l s e s s i o n , Piotr Mag ie rsk i f r o m W a r s a w , t he w i n n e r of t he 
2 0 0 3 Z d z i s l a w S z y m a n s k i Pr ize , a l so ta l ked a b o u t neu t ron s tars 
w h e n he g a v e a lec ture on t h e t h e r m o d y n a m i c p roper t i es of t he 
neu t ron s tar crust . 

A t the f ront ier b e t w e e n as t rophys i cs a n d neut r ino phys i cs , there 
w e r e t w o interest ing ta lks abou t stel lar ob jec ts v i e w e d th rough their 
neut r ino em iss i on . Mat th ias L iebendôr fe r f rom T o r o n t o has inves-

• 
The Mazurian conference participants at the lakeside. 

t i ga ted t he t ime a n d e n e r g y cha rac te r i s t i cs of neu t r i nos em i t t ed 
dur ing a s u p e r n o v a exp los ion . If s u c h an exp los ion h a p p e n s aga in 
nea rby , w e m a y be ab le to learn f r om the o b s e r v e d neut r ino f lux 
about how such an even t p roceeds , p rov ided w e have a good mode l 
at h a n d . D ima Y a k o v l e v f rom St Pe te rsburg and Pawel Haense l f rom 
W a r s a w both t a l ked a b o u t neu t ron -s ta r coo l i ng d u e to neu t r i no 
e m i s s i o n a n d s t r a n g e par t i c les in t h e co re . S i n c e t he coo l i ng 
p rocess crucia l ly d e p e n d s on deta i ls of occupa t i ons near the Fermi 
su r faces , a n d t hus on cor re la t ions , p ro ton a n d neut ron pair ing in 
the neu t ron s tar mat te r m a y s t rong ly in f luence the rate of coo l ing. 
E x p e r i m e n t a l da ta s e e m to s u g g e s t t ha t p ro ton pa i r ing m a y be 
preferred o v e r neu t ron pair ing. 

A m o n g severa l ta lks on neut r ino phys i cs , Yur i K a m y s h k o v of O a k 
R idge a n d J o a n n a Z a l i p s k a of W a r s a w p r e s e n t e d e x p e r i m e n t a l 
s tud ies pe r fo rmed at the K a m L A N D a n d S u p e r - K a m i o k a n d e faci l i 
t ies, respect ive ly . T h e y d i s c u s s e d neut r ino osci l lat ion p h e n o m e n a 
s tud ied by the obse rva t i ons of reactor e lec t ron ant ineut r inos a n d 
a tmosphe r i c m u o n neu t r inos , a n d the so-ca l led large mix ing ang le 
so lut ion for the neut r ino m a s s d i f fe rence a n d mix ing ang le . 

Calculat ing the nuc leus 
Wol f ram W e i s e f rom T r e n t o p resen ted s tud ies at the tr iple f ront ier 
be tween q u a n t u m c h r o m o d y n a m i c s ( Q C D ) , the hadron ic m e d i u m 
and nuc lear s t ruc ture . Recen t d e v e l o p m e n t s in th is f ield are fasc i 
nat ing b e c a u s e w e m a y be w i t n e s s i n g the birth of de r i va t ions of 
nuc lear fo rces f r om first pr inc ip les, a n d an exp lanat ion of nuc lear 
b inding based on Q C D . By app ly ing ideas based on chiral s y m m e t r y 
break ing, the chiral c o n d e n s a t e a n d ef fect ive f ield theory ( E F T ) , w e 
can d e s c r i b e n u c l e o n - n u c l e o n ( N N ) sca t te r ing a n d f ini te nuc le i 
a l m o s t d i rec t ly f r o m l o w - e n e r g y Q C D cons ide ra t i ons . O n e s tar ts 
by pos tu la t ing the chira l Lag rang ian of n u c l é o n s a n d p ions , t hen 
add ing symmet r y -d i c ta ted con tac t t e r m s that are s u p p o s e d to des
cr ibe all un reso l ved h igh-energy ef fects . S u c h a result s h o w s tha t 
the shor t -d is tance N N repu ls ion d o e s not n e e d to be mode l l ed by 
any kind of hard-core potent ia l or h e a v y - m e s o n e x c h a n g e potent ia l , 
but is a gener ic fea tu re of t h e s e un reso l ved h igh-energy ef fects. A s 
W e i s e e x p l a i n e d , o n e m a y pe r fo rm i n -med ium chiral ca lcu la t ions 
and der ive the energy-dens i ty funct iona l , wh ich within the relativistic-
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The regatta is a highlight of the meeting and this year's sailing race was won by Krystyna Wosinska of Warsaw Institute of Technology. 

mean- f ie ld app rox ima t ion is d i rect ly app l i cab le to f inite nuc le i . At 
t he e x p e n s e of f i t t ing one p a r a m e t e r - the E F T cut-off ene rgy - the 
cor rect sa tura t ion ene rgy , sa tu ra t ion dens i t y a n d s y m m e t r y energy 
c a n be o b t a i n e d . F rom the re , s t a n d a r d nuc lear -s t ruc tu re ca lcu la 
t i ons lead to desc r i b ing n u c l e a r m a s s e s (on l y for N = Z nuc le i at 
p resen t ) wi th a prec is ion of a b o u t 1 M e V . 

Wi tek Naza rew i cz of O a k R idge a n d W a r s a w ta l ked , a m o n g other 
th ings, abou t recent progress in the exact ca lcu lat ions for low-energy 
s ta tes in light nuc le i . T h e r e , t he necess i t y for N N N in teract ions has 
b e e n conv inc ing ly s h o w n . Mo reove r , the N N N fo rces m a y a lso be 
r e s p o n s i b l e for a k n o w n i n a d e q u a c y of t he G-mat r ix m e t h o d to 
de r i ve t he she l l -mode l i n te rac t i ons . N a z a r e w i c z d i s c u s s e d t he 
cha l l enges that nuc lear -s t ruc ture t heo ry f aces in desc r ib ing exot ic 
s y s t e m s such as t hose with ve ry large neut ron or proton excess , ve ry 
large angu la r m o m e n t u m , or v e r y large m a s s . In v i ew of t he impor
tant projects to s tudy these exot ica in exper imen ts (R IA , G S I , R I K E N , 
E U R I S O L , e t c ) , theore t i ca l ef for ts in t h e s e d o m a i n s m u s t a lso be 
a d e q u a t e l y e x p a n d e d . 

In t w o m o r e ta lks , Marek P losza j czak f r om G A N I L a n d Krzysz to f 
R y k a c z e w s k i f r o m O a k R i d g e d i s c u s s e d o the r a s p e c t s o f exo t i c 
nuc l e i . P l o s z a j c z a k p r e s e n t e d m e t h o d s t ha t c o m b i n e a d v a n c e d 
d e s c r i p t i o n s of b o u n d n u c l e a r s t a t e s w i th e q u a l l y a d v a n c e d 
desc r i p t i ons of sca t te r ing s ta tes . For w e a k l y b o u n d nuc le i , s u c h 
c o m b i n e d m e t h o d s a re e s s e n t i a l . U n f o r t u n a t e l y , h o w e v e r , t h e y 
r e m a i n e d neg lec ted for too long a t ime b e c a u s e of the necess i t y to 
t rea t exper t l y t w o fair ly d i f ferent phys i ca l s i tua t ions . T h e so-ca l led 
G a m o w she l l m o d e l has recen t l y b e e n d e v i s e d to r e m e d y th is 
t h r o u g h a she l l -mode l - l i ke t r e a t m e n t o f t h e par t i c le c o n t i n u u m . 
R y k a c z e w s k i s h o w e d that , on t he o the r s ide of t he m a s s tab le , i.e. 
fo r p r o t o n - u n s t a b l e nuc le i , p ro ton e m i s s i o n c o u l d be u s e d as a 
fan tas t ica l l y ef f ic ient p robe of nuc lea r s ta tes . By a care fu l ana lys i s 
o f p ro ton rad ioac t i v i t y in d e f o r m e d nuc le i , w e c a n exp l ic i t ly s e e 
tha t t he initial p ro ton real ly is in a d e f o r m e d s ta te . T h i s is o n e of 
t he n icest e x a m p l e s of h o w s p o n t a n e o u s s y m m e t r y b reak ing wo rks 
i n f i n i t e s y s t e m s . 

R e c e n t a d v a n c e s in e x p e r i m e n t a l ve r i f i ca t ions of t he S t a n d a r d 
Mode l of part ic le phys i cs w e r e a lso p resen ted at the c o n f e r e n c e , in 
the talk by Krzyszto f D o r o b a of W a r s a w . He desc r i bed expe r imen ts 

that prec ise ly m e a s u r e the m a s s , w id th a n d o ther character is t ics of 
the Z and W b o s o n s , a n d c o n v i n c e d us tha t o n c e t hese bas ic p h y s 
ical cons tan ts are m e a s u r e d m a n y th ings can be ca lcu la ted rigor
ous ly wi th in the S t a n d a r d M o d e l . S o m e recent nove l t ies w e r e a lso 
repor ted, wi th Hideki Kohri f rom O s a k a talk ing abou t the observa t ion 
of the pen taqua rk b a r y o n , G {CERN Courier S e p t e m b e r 2 0 0 3 p 5 ) . 

Look ing to t h e fu tu re of e x p e r i m e n t s in nuc lea r p h y s i c s , Pe te r 
S e n g e r f r o m D a r m s t a d t g a v e a v e r y in terest ing a c c o u n t of the inter
nat ional acce le ra to r faci l i ty p l anned for G S I . He desc r ibed the ma in 
sc ient i f ic d i rec t ions in w h i c h t he fac i l i ty wil l a i m , n a m e l y h a d r o n 
s p e c t r o s c o p y , t he s t ruc tu re o f nuc le i fa r f r o m stabi l i ty a n d c o m 
p ressed ba ryon ic mat ter , w h i c h will m a k e it a t rue nuc lea r -phys ics 
fac i l i ty ! T h i s is a s u p e r b p ro jec t t ha t wi l l p rov ide a t r e m e n d o u s 
a m o u n t of da ta a n d boos t our k n o w l e d g e of nuc lear s y s t e m s . W e all 
hope tha t the m iss ing 2 5 % of E u r o p e a n fund ing will be f o u n d , a n d 
that the pro ject will go a h e a d at full s t e a m as rapid ly as poss ib le . 

A l together abou t 100 par t ic ipants - exper ienced lecturers as wel l 
as y o u n g P h D s tuden ts - a t t ended the con fe rence , c o m i n g f rom 14 
count r ies ; mos t l y E u r o p e a n but a lso f r o m C h i n a , Israel , Russ ia a n d 
the U S . Wh i l s t e v o l v i n g , t h e s c h o o l / c o n f e r e n c e has m a i n t a i n e d 
mos t of t he t rad i t ions for w h i c h it is w i d e l y k n o w n . Ma tch ing t he 
sc ient i f ic p r o g r a m m e w e r e a n u m b e r o f soc ia l h igh l igh ts . T w o of 
t h e s e a re h a l l m a r k s of t he M a z u r i a n m e e t i n g s : t he f i rs t -c lass 
c h a m b e r m u s i c in t he loca l c h u r c h ( t he W a r s a w st r ing quar te t , 
C a m e r a t a , w i th S a m u e l Barber , Kam i S z y m a n o w s k i and J o h a n n e s 
B r a h m s ) a n d of cou rse the regat ta , w i th the the sai l ing race be ing 
w o n by a w o m a n , K rys t yna W o s i n s k a , for the first t ime . T h e confer
e n c e w a s o r g a n i z e d by t h e A n d r z e j S o l t a n Inst i tute for N u c l e a r 
S tud ies in Sw ie rk a n d W a r s a w Un ivers i t y , a n d t h a n k s to the s u p 
port of the E u r o p e a n Phys ica l Soc ie ty , y o u n g E u r o p e a n phys ic is ts 
cou ld app ly for g ran ts to a t t end . 

F u r t h e r read ing 
For m o r e deta i ls a b o u t t he c o n f e r e n c e , s e e : h t t p : / / z f j a v s . f u w . 
e d u . p l / m a z u r i a n / m a z u r i a n . h t m l . 

Helena B ia lkowska and Z i e m o w i d S u j k o w s k i Soltan Institute 
for Nuclear Studies, and J a c e k Dobaczewsk i , Warsaw University. 
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DATA ANALYSIS 

Astronomers, cosmologists, particle 
physicists and statisticians came together 
at SLAC to learn from each other about 
different aspects of statistical analysis 
techniques. Glen Cowan reports. 

G i v e n the imp ress i ve pr ice t ags of part ic le acce le ra to rs a n d te le
s c o p e s , sc ien t i s ts are k e e n to ex t rac t t he m o s t f r o m the i r h a r d -
w o n da ta . In r e s p o n s e to th is , stat ist ical ana lys is t e c h n i q u e s have 
con t inued to g row in sophis t ica t ion. T o d iscuss recent d e v e l o p m e n t s 
in the f ie ld, 124 part ic le phys ic is ts , cosmo log i s t s , a s t r o n o m e r s and 
s ta t is t ic ians me t last S e p t e m b e r at S L A C for P H Y S T A T 2 0 0 3 , the 
Internat ional Con fe rence on Stat ist ical P rob lems in Part icle Phys ics , 
As t r ophys i cs and C o s m o l o g y . 

P H Y S T A T 2 0 0 3 w a s the m o s t recent of seve ra l fruitful mee t ings 
d e v o t e d to data ana lys i s , inc lud ing the w o r k s h o p s on con f i dence 
l imits at C E R N in 2 0 0 0 a n d Fe rm i l ab in 2 0 0 1 , a n d t he D u r h a m 
Con fe rence on A d v a n c e d Statist ical T e c h n i q u e s in Particle Phys ics in 
2 0 0 2 . In cont ras t to t h e s e , h o w e v e r , P H Y S T A T 2 0 0 3 b rough t h igh-
ene rgy phys ic is ts toge ther wi th a s t r o n o m e r s and cosmo log i s t s in an 
effort to share insights on w h a t for all has b e c o m e a crucial aspec t of 
thei r sc ience . Con fe rence organ izer Louis Lyons of Ox fo rd exp la ined 
that , " In part icle phys ics , as t rophys i cs a n d c o s m o l o g y , peop le work 
wi th di f ferent too ls - acce le ra to rs v e r s u s t e l escopes - but none the 
less a lot of the data ana lys is t e c h n i q u e s are v e r y s imi lar ." 

A n o t h e r d i f fe rence f rom p rev ious mee t i ngs w a s the s t rong pres
e n c e of the p ro fess iona l s tat is t ics c o m m u n i t y . Hal f of t he inv i ted 
ta lks w e r e by s ta t is t ic ians a n d the k e y n o t e a d d r e s s , " B a y e s i a n s , 
f requent is ts a n d phys ic i s ts " , w a s g i ven by Brad Efron of S tan fo rd , 
the p res iden t of the A m e r i c a n Stat is t ical Assoc ia t i on . 

Old and new d i rect ions 
Dr iven by the n e e d to u n d e r s t a n d a d v a n c e d da ta ana l ys i s m e t h 
o d s , m a n y expe r imen ta l co l l abora t ions h a v e recent ly es tab l i shed 
s ta t is t ics w o r k i n g g r o u p s to a d v i s e a n d gu ide the i r c o l l e a g u e s . 
Frank Por ter of Ca l tech g a v e the v i e w f r om the BaBar co l labora t ion , 
w h i c h s t u d i e s the d e c a y s of m o r e t h a n 100 0 0 0 0 0 0 B m e s o n s 
p r o d u c e d at t he PEP-I I B- factory at S L A C . Por te r o b s e r v e d that , 
"s ta t is t ica l soph i s t i ca t i on in par t ic le p h y s i c s has g r o w n s igni f i 
cant ly , not so m u c h in the cho i ce of m e t h o d s , w h i c h are o f ten long-

Statistical analysis techniques are equally fundamental in 
producing, for example, this image (top) from the WMAP 
collaboration, which reveals temperature fluctuations in the early 
universe (shown as colour differences), or in searching for the 
Higgs boson in events such as these from the ALEPH experiment 
(bottom). (WMAP photo courtesy of NASA/WMAP Science Team.) 

es tab l i shed , but in t he u n d e r s t a n d i n g a t t ached to t h e m . " 
Mu l t i var ia te m e t h o d s e m e r g e d as o n e of t he m o s t w i d e l y d is

c u s s e d i ssues at t he mee t ing . In a h igh-energy part icle co l l is ion, for 
e x a m p l e , o n e m e a s u r e s a large n u m b e r of quant i t ies , s u c h as the 
energ ies of all of t he part ic le t racks . In recent yea rs phys ic is ts h a v e 
b e c o m e a c c u s t o m e d to us ing mul t ivar ia te too ls such as neura l net
wo rks to reduce t h e s e inputs to a s ing le usab le number . It a p p e a r s 
that t he s tat is t ics c o m m u n i t y has m o v e d on a n d tha t neura l net
w o r k s a re no longer c o n s i d e r e d a s "cu t t ing e d g e " as o the r t e c h 
n iques , s u c h as kernel dens i ty m e t h o d s , dec is ion t rees and suppor t 
v e c t o r m a c h i n e s . S ta t i s t i c ian a n d phys i c i s t J e r o m e F r i e d m a n of 
S tan fo rd rev iewed recen t a d v a n c e s in t h e s e a reas , not ing that: " A s 
wi th a n y e n d e a v o u r , o n e m u s t m a t c h the tool to the p r o b l e m . " 

22 C E R N C o u r i e r March 2004 

PHYSTAT 2003: statistics 
for quarks and quasars 



DATA ANALYSIS 

T h e R e v e r e n d Bayes re loaded 
T h e long-s tand ing c o n t r o v e r s y b e t w e e n f requen t i s t a n d B a y e s i a n 
a p p r o a c h e s con t inued to p rovoke deba te . T h e ma in d i f ference boi ls 
d o w n to w h e t h e r a probabi l i ty is m e a n t to ref lect the f r e q u e n c y of 
t he o u t c o m e of a r e p e a t a b l e e x p e r i m e n t , or ra ther a s u b j e c t i v e 
" d e g r e e of bel ief". For e x a m p l e , a phys ic is t cou ld ask: " w h a t is the 
probabi l i ty tha t I will p roduce a H iggs b o s o n if I col l ide toge the r t w o 
p r o t o n s ? " A f requent is t t heo ry can predic t an answer , w h i c h can be 
tes ted by col l id ing m a n y p ro tons a n d s e e i n g w h a t h a p p e n s w h a t 
f ract ion of the t ime. T h e s a m e phys ic is t cou ld a lso ask: " W h a t is the 
probabi l i ty that the Higgs m e c h a n i s m is t r u e ? " It e i ther is or it isn't, 
a n d th is w o n ' t c h a n g e no ma t te r h o w m a n y p r o t o n s w e co l l ide . 
None the less , Bayes ian or sub jec t ive probabi l i ty can reflect our state 
of k n o w l e d g e abou t na ture . 

Physic ist Fred J a m e s f rom C E R N noted that one of the mos t w ide ly 
used f requent is t techn iques , Pearson ' s ch i -square test, is used more 
t han a mil l ion t imes per s e c o n d in h igh-energy phys ics exper imen ts , 
m a k i n g it one of the m o s t success fu l stat ist ical dev i ces in h u m a n 
history. O n the other h a n d , Bayes ian dec is ion mak ing is used implic
itly by e v e r y o n e eve ry day . "Bo th of t h e s e e l e m e n t s mus t be part of 
e v e r y s tat is t ica l p h i l o s o p h y , " sa id J a m e s , w h o t e a c h e s s ta t is t ics 
us ing a "un i f ied a p p r o a c h " . "If y o u r pr inc ip les restr ict y o u to on ly 
o n e f o rma l i sm , y o u w o n ' t get t he right a n s w e r to all you r p r o b l e m s . " 
M e m b e r s of the stat ist ics c o m m u n i t y a p p e a r e d to ag ree wi th th is 
sent iment . Stat ist ic ian Persi D iacon is f rom Stanford obse rved that in 
da ta ana lys is , as in o ther e n d e a v o u r s , it's not as if y o u are restr icted 
to us ing on ly a h a m m e r or a s a w - y o u ' r e a l l owed to use bo th . 

Blinding bias 
M a n y e x p e r i m e n t a l g r o u p s h a v e e m b r a c e d "b l ind a n a l y s e s " , 
w h e r e b y the phys ic is ts do not s e e the f inal resul t of a comp l i ca ted 
m e a s u r e m e n t until the t e c h n i q u e has b e e n adequa te l y op t im ized 
a n d c h e c k e d . T h e idea is to avo id a n y bias in the f inal resul t f r om 
prior expecta t ions . Aa ron R o o d m a n of S L A C , work ing with the BaBar 
exper imen t , exp la ined that the co l labora t ion had initial reserva t ions 
a b o u t t he bl ind ana lys is t e c h n i q u e , but tha t it has b e c o m e a s tan 
da rd m e t h o d . "Resu l t s are p resen ted a n d rev iewed before t h e y are 
u n b l i n d e d , and c h a n g e s are m a d e wh i le the ana lys is is still b l ind. 
T h e n w h e n an internal rev iew c o m m i t t e e is sa t is f ied , the resul t is 
u n b l i n d e d , u l t imate ly to be p u b l i s h e d . " R o o d m a n no ted tha t a 
s imi lar pract ice in the med ica l c o m m u n i t y da tes f rom the 17th c e n 
tury , w h e n J o h n Bapt is ta v a n H e l m o n t p r o p o s e d a doub le-b l ind trial 
to de te rm ine the ef f icacy of b lood let t ing! 

For the part ic le phys ic is ts , f ind ing an appropr ia te rec ipe for the 
t r ea tmen t of sys tema t i c errors e m e r g e d as o n e of t hose p r o b l e m s 
tha t will not go a w a y . W i th m a n y m e a s u r e m e n t s be ing b a s e d on 
v e r y large s a m p l e s of da ta , the " r a n d o m " or "s ta t is t ica l " error in the 

result m a y b e c o m e smal le r t han uncer ta in t ies f rom sys temat ic b ias. 
Pekka S ine rvo of T o r o n t o no ted tha t m a n y p rocedu res exist mo re in 
the m a n n e r of "ora l t rad i t ion" . S i n e r v o po in ted out that s o m e s y s 
temat i c ef fects ref lect a " p a r a d i g m uncer ta in ty " , hav ing no re levant 
in terpretat ion in f requent is t s tat is t ics. 

Th is focus on sys temat i cs s e e m s not to have received comparab le 
a t tent ion wi th in the p ro fess iona l s ta t is t ics c o m m u n i t y . J o h n Rice 
f r o m Be rke ley no ted in his c o n f e r e n c e s u m m a r y , "Phys i c i s t s are 
deep ly c o n c e r n e d wi th sys tema t i c b ias, m u c h more so than is usual 
in stat is t ics. In m o r e typ ica l s tat is t ica l app l i ca t i ons , b ias is of ten 
s w a m p e d by v a r i a n c e . " 

A P H Y S T A T phrase book 
A pane l d i s c u s s i o n led by D i a c o n i s , F r i e d m a n , J a m e s a n d T o m 
Lo redo , of Corne l l , p rov ided an ins ight into h o w wel l the phys ic is ts , 
s ta t i s t i c ians a n d a s t r o n o m e r s s u c c e e d e d in s h a r i n g the i r k n o w l 
e d g e . H e l p e d by i n t roduc to ry ta lks o n s ta t is t i cs in h i gh -ene rgy 
phys ics by Roger Bar low of M a n c h e s t e r , a n d in a s t r o n o m y by Eric 
Feig lson of P e n n s y l v a n i a S ta te , l anguage barr iers w e r e largely over
c o m e . N e v e r t h e l e s s , m a n y a s t r o n o m e r s a n d s tat is t ic ians puzz led 
ove r " cu t s " , as phys ic is ts p o n d e r e d "iid r a n d o m va r i ab les " ( ident i 
cal ly and i ndependen t l y d is t r ibu ted) . 

A l though the a s t r o n o m e r s a n d phys ic is ts f o u n d m u c h c o m m o n 
g round , in a n u m b e r of w a y s the a p p r o a c h e s used by the two g roups 
s e e m e d to rema in qui te s e p a r a t e . J o h n Rice no ted in his s u m m a r y , 
"H igh -ene rgy phys i cs rel ies on carefu l ly d e s i g n e d expe r imen ts , a n d 
as t ronomy is necessar i l y obse rva t i ona l . Forma l in ference thus p lays 
a larger role in the fo rmer , a n d exp lo ra to ry da ta ana lys i s a larger 
role in the ' lat ter." W i th r espec t to t he d e v e l o p m e n t of n e w t e c h 
n iques , Rice v o i c e d s o m e c o n c e r n . " T h e exp los i on of c o m p u t i n g 
power , coup led wi th unfet tered imag ina t ion , is leading to the d e g e n 
erat ion of the s tern d isc ip l ine of s tat is t ics es tab l i shed by our fore
bears to a h igh ly eso te r i c f o r m of p e r f o r m a n c e art ." H o w e v e r , he 
noted that "evo lu t i ona ry p ressu res wil l lead to the ext inct ion of the 
frail and the surv iva l of t he f i t test t e c h n i q u e s . " 

T h e local o rgan iz ing c o m m i t t e e at S L A C w a s cha i red by R ichard 
Moun t a n d inc luded Ar ia LeCoun t , J o s e p h Perl and Dav id Lee ; the 
scient i f ic c o m m i t t e e w a s led by Lou is L y o n s . T o the d i s m a y of the 
organ izers , four of the invi ted s p e a k e r s w e r e unab le to a t tend ow ing 
to recent dif f icult ies in ob ta in ing U S v i sas (CERN Courier N o v e m b e r 
2 0 0 3 p 5 0 ) . A fu ture mee t i ng is p l a n n e d for 2 0 0 5 , by wh i ch t ime 
one h o p e s tha t th is s i tuat ion will i m p r o v e . T h e con fe rence p r o c e e d 
ings are n o w in p repara t ion a n d wil l a p p e a r as a S L A C pub l ica t ion . 
More in format ion a n d l inks to p resen ta t i ons can be f o u n d on the 
con fe rence webs i t e at: w w w - c o n f . s l a c . s t a n f o r d . e d u / p h y s t a t 2 0 0 3 . 

Glen C o w a n , Royal Holloway University of London. 
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ASTROPARTICLE PHYSICS 

German astroparticle p 
Despite strong pressure on the budget for education and research, astroparticle physics in 

O n 1 6 - 1 8 S e p t e m b e r 2 0 0 3 G e r m a n as t ropar t i c le phys i c i s t s a n d 
min is t r y r e p r e s e n t a t i v e s m e t at t he Un ive rs i t y of Ka r l s ruhe to d is
c u s s recen t sc ient i f ic a d v a n c e s , fu tu re f u n d i n g a n d o rgan iza t i ona l 
s u p p o r t by the G e r m a n Minist ry of Educa t i on a n d R e s e a r c h ( B M B F ) . 
T h e Ka r l s ruhe w o r k s h o p w a s t he th i rd in a se r ies in i t iated by B M B F 
d e p u t y d i rec to r -gene ra l H e r m a n n - F r i e d r i c h W a g n e r to m a i n t a i n a 
c lose c o n t a c t b e t w e e n sc ien t i s ts a n d t he min is t ry . T h e s e o p e n dis
c u s s i o n s h a v e a l l owed e a c h s ide to u n d e r s t a n d t he o the r ' s n e e d s 
be t te r , a n d h a v e led to t h e v e r y fas t a n d frui t fu l d e v e l o p m e n t o f 
as t ropar t i c le p h y s i c s in G e r m a n y . 

A s in t h e p r e v i o u s w o r k s h o p s , w h i c h t o o k p l a c e in 1 9 9 9 a n d 
2 0 0 1 a t D E S Y Z e u t h e n (CERN Courier N o v e m b e r 2 0 0 1 p l 7 ) , h igh -
e n e r g y a n d nuc lear phys ic is ts , a s t r o n o m e r s a n d as t rophys ic is ts a lso 
j o i ned a n d par t ic ipated in l ively c ross-d isc ip l inary d e b a t e s . T h e large 
i n c r e a s e in t he n u m b e r of par t i c ipan ts ( r is ing f r o m 5 7 a n d 124 in 
1 9 9 9 a n d 2 0 0 1 , respec t i ve l y , to m o r e t h a n 2 4 0 in 2 0 0 3 ) re f lects 
t h e g r o w i n g in terest in as t ropar t i c le p h y s i c s . 

T h e w o r k s h o p b e g a n w i t h s p e c i a l l e c t u res fo r s t u d e n t s , a n d 
W e r n e r H o f m a n n of MPI for N u c l e a r P h y s i c s , He ide lbe rg , g a v e a n 
e n t e r t a i n i n g a n d s u r p r i s i n g e v e n i n g ta lk o n t w o v e r y d i f f e ren t 
f i c t iona l f u t u r e s o f h i g h - e n e r g y p h y s i c s . Sc ien t i f i c a c h i e v e m e n t s , 
f u tu re p r o s p e c t s a n d n e w ideas w e r e t h e n p r e s e n t e d in s e s s i o n s 
d e d i c a t e d to s e l e c t e d as t ropa r t i c l e -phys i cs t op i cs . 

N e w a s t r o n o m i e s 
W o l f g a n g R h o d e o f W u p p e r t a l a n d J u r g e n Hôtël f r o m E r l a n g e n -
N u r n b e r g repor ted on the o n g o i n g act iv i t ies re la ted to l a r g e - v o l u m e 
neu t r i no de tec to r s in t he An ta rc t i c ice sh ie ld a n d in natura l w a t e r in 
Lake Baika l a n d t he M e d i t e r r a n e a n s e a . Resu l t s f r o m A M A N D A at 
t h e S o u t h Po le a n d B A I K A L a re a l r e a d y b e g i n n i n g to c o n s t r a i n 
t heo re t i ca l m o d e l s on da rk -ma t te r ann ih i l a t i ons , m a g n e t i c m o n o -
po les a n d as t rophys i ca l h i gh -ene rgy neu t r i no p r o d u c t i o n . A M A N D A 
has s h o w n the first eve r 100 G e V neut r ino sky m a p a n d t hus o p e n e d 
a n e w w i n d o w for a s t r o p h y s i c s ( f i gu re 1 ) . A s e x p e c t e d f r o m t h e 
d e t e c t o r ' s m o d e r a t e sens i t i v i t y , t h e s k y m a p d o e s no t s h o w 
e v i d e n c e fo r ex t ra- te r res t r ia l neu t r i no s o u r c e s , bu t is c o m p a t i b l e 
wi th the pred ic ted neutr ino p roduc t ion by c h a r g e d cosm ic rays in t he 
E a r t h ' s a t m o s p h e r e . B a s e d o n th is p r o o f o f p r i nc ip le , t h e s i gn i 
f i can t ly larger I C E C U B E pro jec t is n o w u n d e r w a y . T h e f irst p h o t o -
mul t ip l ie r s t r ings for the 1 k m 3 de tec to r wil l be d e p l o y e d du r i ng t h e 
nex t An ta rc t i c s u m m e r , in 2 0 0 4 / 2 0 0 5 . T h e ins ta l la t ion of all t h e 
st r ings will be f in ished in 2 0 1 0 . T h e A N T A R E S co l labora t ion p lans to 
instal l s ix de tec to r s t r ings in t he M e d i t e r r a n e a n by 2 0 0 6 to tes t t h e 
e x p e r i m e n t a l c o n c e p t a n d a d d r e s s the f irst as t rophys i ca l q u e s t i o n s 
(CERN Courier J u n e 2 0 0 3 p 2 2 ) . T h e poss ib i l i ty of real iz ing a k m 3 

d e t e c t o r in t he M e d i t e r r a n e a n s e e m s , h o w e v e r , to d e p e n d not on l y 
o n t e c h n o l o g y a n d eng inee r i ng , but a l so o n t he s t rong wil l o f t h e 

Fig. 1. The neutrino sky as seen byAMANDA-ll. The map does not show 
any evidence for extra-terrestrial neutrino sources but is compatible 
with neutrino production by cosmic-ray interactions in the atmosphere. 

Fig. 2. The observation by the 
HEGRA experiment of a previously 
unknown source of TeVgamma 
rays in the Cygnus region. No 
counterpart at other photon 
energies has yet been found. 

The Pierre Auger Observatory comb 
at the highest energies. Water tanks 
charged particles, while on dark night 
emitted as the showers cause fluorés 

A N T A R E S , N E M O a n d N E S T O R (CERN Courier N o v e m b e r 2 0 0 3 p 2 3 ) 
co l labora t ions to jo in b e h i n d o n e c o m m o n p r o p o s a l . 

G ô t z H e i n z e l m a n n o f H a m b u r g g a v e a n i n t r oduc t i on o n h igh -
e n e r g y g a m m a a s t r o n o m y , f o c u s i n g on t he resu l ts of t he imag ing 
air C h e r e n k o v t e l e s c o p e s ( l A C T s ) o f t h e H E G R A ( H i g h E n e r g y 
G a m m a R a y A s t r o n o m y ) d e t e c t o r on La P a l m a in t h e C a n a r y 
I s l ands . T h e p i o n e e r i n g w o r k o f H E G R A o n n e w e x p e r i m e n t a l 
t e c h n i q u e s a n d a n a l y s i s m e t h o d s h a s b e e n e x t r e m e l y f ru i t fu l . 
A l t h o u g h t h e e x p e r i m e n t s h u t d o w n in 2 0 0 2 , s u r p r i s i n g resu l ts 
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hysics shows its strength 
Germany is becoming a strong and autonomous branch of science, as Axel Lindner explains. 

Hermann-Friedrich Wagner, deputy director-general of the German 
Ministry of Education and Research, weicomes the participants of the 
workshop. He initiated the series in 1999 and contributes a great deal 
to the organization of astroparticle physics in Germany and Europe. 

nbines techniques used in earlier experiments to study cosmic-ray air showers 
nks such as the one on the right, detect Cherenkov radiation produced by 
nights optical detectors housed in larger buildings (left) record the faint light 
'orescence of atmospheric nitrogen. (Photos: Pierre Auger Laboratory.) 

have s ince been a n n o u n c e d : T e V g a m m a rays f rom the shel l - type 
s u p e r n o v a r e m n a n t C a s s i o p e i a A m a y ind ica te tha t th is s o u r c e 
acce lera tes nuc léons to relativist ic energ ies . Th is observa t ion could 
be a key to the so lu t ion of the 90-year-o ld mys te ry of the acce le ra
t ion s i tes of cosm ic rays. T h e H E G R A co l laborat ion a lso p resen ted 
the f irst T e V g a m m a s o u r c e un ident i f ied at o the r w a v e l e n g t h s 
( f igure 2 ) , t he reby g iv ing an insight into a prev ious ly u n k n o w n area 
of the relativist ic un ive rse . 

M a n y e v e n more exci t ing resul ts are expec ted wi th the new gen 

erat ion of lACTs now c o m i n g into opera t ion . T h e s e expe r imen ts will 
be an order of magn i tude more sens i t ive and will p rov ide a reduced 
e n e r g y t h r e s h o l d . W e r n e r H o f m a n n p r e s e n t e d f irst resu l ts of t he 
H E S S ( H i g h E n e r g y S t e r e o s c o p i c S y s t e m ) de tec to r in N a m i b i a 
(CERN Courier N o v e m b e r 2 0 0 2 p 7 ) , and Florian Goebe l f rom MPI 
for Phys ics , Mun i ch , repor ted on the s ta tus of the M A G I C te l escope 
at La Pa lma (CERN Courier D e c e m b e r 2 0 0 3 p7 ) . M e a s u r e m e n t s of 
the cosmolog ica l ly important extragalact ic background light, of dark-
mat ter ann ih i la t ions, a n d pe rhaps e v e n of hints on q u a n t u m grav i 
tat ion are to be expec ted . Ro land Diehl and Gottfr ied K a n b a c h , both 
f r o m MPI for Ext ra ter rest r ia l P h y s i c s , G a r c h i n g , Mart in Me rck of 
Wurzbu rg , Hinr ich M e y e r of Wuppe r t a l and M a s a h i r o T e s h i m a f rom 
MPI for Phys ics , c o m p l e m e n t e d the sess ion wi th ta lks on g a m m a -
ray a s t r o n o m y wi th sate l l i tes, n e w ideas for lACTs , and the ultra-
h igh-energy cosmic - ray detector , E U S O , wh i ch will be based on the 
Internat ional S p a c e Stat ion ( I S S ) . 

Charged cosmic rays 
Air s h o w e r e x p e r i m e n t s on the e n e r g y s p e c t r u m and m a s s c o m 
posit ion of cha rged cosmic rays focus on the so-cal led knee region 
a round 1 0 1 5 e V , w h e r e the s lope of the energy spec t rum s u d d e n l y 
c h a n g e s , a n d on the h ighes t ene rg ies b e y o n d 1 0 1 9 e V . Peter 
B i e r m a n n f r o m MPI for R a d i o a s t r o n o m y , B o n n , s u m m a r i z e d the 
current theoret ical mode ls , whi le And reas H a u n g s f r o m the Research 
Cent re Kar ls ruhe exp la ined the still puzzl ing exper imenta l s i tuat ion 
a round the knee . Data f rom the K A S C A D E exper iment at Kar ls ruhe 
hint at a knee posi t ion propor t ional to the cha rge , Z , of the nuclei in 
cosmic rays , but uncer ta in t ies in the interpretat ion of the air s h o w e r 
data remain . At present no s imulat ion is able to provide a cons is tent 
descr ip t ion of all K A S C A D E ' s da ta on part ic le in terac t ions in the 
a t m o s p h e r e ; m o r e mu l t i -pa ramete r da ta are requ i red . In recen t 
yea rs K A S C A D E has been e x p a n d e d to K A S C A D E Grande (cover ing 
6 4 0 0 0 0 m 2 ) , wh i ch will ex tend the access ib le energy range up to 
3 x 1 0 1 7 eV. K A S C A D E Grande shou ld be able to identify the knee for 
iron-l ike nuc le i a n d h e n c e p rove the a b o v e - m e n t i o n e d Z d e p e n 
d e n c e . Th i s w o u l d s t rong ly suppo r t the a s s u m p t i o n of cosmic - ray 
accelerat ion in the shel ls of supe rnova remnants - as is also impl ied 
by the H E G R A C h e r e n k o v te lescope data on Cass iope ia A . 

Karl-Heinz Kamper t of Wupper ta l repor ted on the exper imenta l sit
uation at the highest cosmic-ray energ ies. Data f rom the Akeno Giant 
Air S h o w e r Ar ray ( A G A S A ) in J a p a n prov ide s t rong ev idence for the 
existence of cosmic rays with energies beyond the G r e i s e n - Z a t z e p i n -
Kuzmin ( G Z K ) cut-off - the energy th resho ld of pion product ion due 
to the interact ion of v e r y energet ic p ro tons wi th the cosm ic 2.7 K 
background radiat ion. By contrast , data f rom the H IRES detector in 
the US are a lso compa t ib le wi th the ex is tence of the G Z K cut-off. 
Th i s d i s c r e p a n c y s h o u l d be reso lved by the 3 0 0 0 k m 2 A U G E R \> 
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e x p e r i m e n t in A rgen t i na (CERN Courier D e c e m b e r 2 0 0 3 p l l ) . 

A U G E R will p rov ide m u c h larger even t stat ist ics at the h ighest ener

g ies and comb ine the exper imenta l t echn iques of A G A S A and H I R E S 

to min imize sys temat i c uncer ta in t ies . T h e first da ta for ex tended air 

s h o w e r s have a l ready been taken success fu l l y , whi le the product ion 

of de tec tor c o m p o n e n t s for A U G E R will be f in ished in 2 0 0 5 . H a n s 

K lages f r om the R e s e a r c h Cen t re Kar l s ruhe desc r i bed poss ib le 

expans ions of A U G E R on its sou thern and northern si tes and s t ressed 

the sensi t iv i ty of A U G E R to neut r ino- induced hor izontal air s h o w e r s . 

He ino Fa lcke f rom MPI for R a d i o a s t r o n o m y a n d the Un ivers i ty of 

N i j m e g e n , repor ted on a p ro to type se t -up to de tec t radio em iss ion 

f r o m air s h o w e r s . Th i s pro ject w a s l aunched after a d i scuss ion at 

t he 2 0 0 1 ast ropar t ic le w o r k s h o p at D E S Y Z e u t h e n , and c o m b i n e d 

da ta tak ing wi th K A S C A D E has jus t b e g u n . W i th a proof of pr inc ip le 

at K A S C A D E , radio de tec t ion of air s h o w e r s w o u l d a l low the real iza

t ion of i nexpens i ve and v e r y e x t e n d e d air s h o w e r . e x p e r i m e n t s . Rolf 

N a h n h a u e r of D E S Y p resen ted s tud ies on the acous t i c de tec t ion of 

neut r ino in teract ions in ice a n d wa te r , w h i c h potent ia l ly w o u l d a lso 

m a k e ex tended and inexpens ive set -ups poss ib le . Manf red S i m o n of 

S i e g e n c l o s e d th is s e s s i o n w i th a s u m m a r y of t he s ta tus o f t he 

P A M E L A exper imen t , w h i c h is to be l aunched in 2 0 0 4 . 

C o s m o l o g y and dark mat te r 
H a n s Bohr inge r f r o m MPI for Ext ra ter rest r ia l Phys i cs o p e n e d the 

s e s s i o n on c o s m o l o g y a n d dark mat te r w i th a ta lk on t he as t ro -

phys i ca l e v i d e n c e for t he ex i s t ence of dark mat ter . T h e recen t 

deta i led data of the W M A P satel l i te on cosm ic backg round radiat ion 

rule ou t t he as-ye t a l te rna t ive s c e n a r i o s of mod i f i ed N e w t o n i a n 

d y n a m i c s ( M O N D ) m o d e l s . W o l f g a n g Se ide l f r om MPI for Phys i cs 

t hen s u m m a r i z e d exper imenta l a t tempts to detec t dark-mat ter par

t ic les direct ly. T h e posi t ive e v i d e n c e pub l i shed by the D A M A col lab

ora t ion is still con t rovers ia l . N e w e x p e r i m e n t s wi th even t -by -even t 

backg round supp ress ion th rough the s imu l t aneous m e a s u r e m e n t of 

hea t a n d ionizat ion are beg inn ing to over take the sensi t iv i ty of o lder 

la rge-mass detec tors . In the near fu ture an increase in sensi t iv i ty by 

t w o orders of magn i t ude will be reached by di f ferent exper imen ts . 

W i m de Boer of Kar ls ruhe h inted at a surpr is ing c o n c o r d a n c e : both 

the not ve ry wel l unders tood galact ic emiss ion of G e V pho tons and 

the m e a s u r e d a m o u n t of posi t rons and ant iprotons can be descr ibed 

v e r y wel l hypo the t i ca l l y if neu t ra l ino ann ih i l a t ions are t a k e n into 

accoun t together wi th s tandard as t rophys ics . Howeve r , exper imenta l 

uncer ta in t ies a n d a lack of k n o w l e d g e a b o u t t he as t rophys i ca l 

sou rces in the galaxy still p revent f i rmer conc lus ions on the ex is tence 

of s u p e r s y m m e t r i c par t ic les . Nex t -gene ra t i on dark -mat te r exper i 

men ts , the indirect s e a r c h e s wi th lACTs , and the AMS-I I expe r imen t 

on board the ISS will help to clarify the s i tuat ion. 

D ie te r H o f f m a n n f r o m the T e c h n i c a l Un i ve rs i t y of D a r m s t a d t 

p resen ted the success fu l s tar t -up of the C A S T expe r imen t at C E R N , 

wh i ch is looking for ax ions f rom the S u n . Th is exper iment is an e x a m 

ple of the s y m b i o s i s of d i f ferent b r a n c h e s of phys ics in ast ropar t ic le 

phys i cs : C A S T uses an old p ro to type m a g n e t for the Large H a d r o n 

Col l ider , c o m b i n e d wi th par t ic le -phys ics de tec to rs a n d X- ray t e c h 

n i q u e s f r o m s p a c e - b o r n e x p e r i m e n t s . F ina l ly , J e n s N i e m e y e r of 

W u r z b u r g p resen ted the cur ren t unde rs tand ing of t he mos t mys te r i 

o u s ingred ient of our un i ve rse , dark ene rgy . 

The CAST experiment at CERN, which is looking for axions 

from the Sun. It uses a prototype magnet for the Large Hadron 

Collider combined with particle-physics detectors and 

X-ray techniques from space-born experiments. 

F u r t h e r top ics 
Christ ian W e i n h e i m e r of Bonn began the sess ion on neutr ino m a s s e s 

and low-energy neutr ino a s t r o n o m y wi th an ove rv iew on the limits on 

neutr ino m a s s e s der ived f rom as t rophys ica l observa t ions . A l though 

new as t rophys ica l data are a l ready qui te sens i t i ve to neutr ino prop

ert ies, f i rm mode l - i ndependen t m e a s u r e m e n t s of the neutr ino m a s s 

requi re ana l ys i s of t he e n d p o i n t of t he e n e r g y s p e c t r u m in beta 

decays . Here the KATRIN exper imen t at Kar ls ruhe, wh ich shou ld start 

up in 2 0 0 7 , will improve the sensi t iv i ty of the current exper iments by 

an order of magn i t ude , to 0.2 eV . S u p p l e m e n t a r y exper imen ts will 

look for neùt r ino less doub le -be ta d e c a y s . S te fan S c h ô n e r t f r o m MPI 

for Nuc lear Phys ics repor ted on a p roposa l for a co r respond ing initi

at ive to realize a large-scale 7 6 G e unde rg round detector , and Thier ry 

Lasser re of C E A p r o p o s e d n e w reac to r neu t r ino expe r imen ts to 

de termine mixing parameters . Franz v o n Feil i tzsch f rom the Techn ica l 

Un ivers i ty of M u n i c h p r e s e n t e d t he s ta tus of l ow-energy neut r ino 

as t r onomy , focus ing on the Ga l l i um Neut r ino Obse rva to ry a n d the 

s o m e w h a t un lucky B O R E X I N O exper iment , wh i ch w a s at the origin of 

the env i ronmenta l i ssues at the Gran S a s s o underg round laboratory 

(CERN Courier S e p t e m b e r 2 0 0 3 p 6 ) . H o w e v e r , B O R E X I N O is still 

impor tant as the ul t imate test of as t rophys ica l mode ls of the S u n . 

Lothar O b e r a u e r , a lso f r o m the T e c h n i c a l Un ivers i ty of M u n i c h , 

d e s c r i b e d a feas ib i l i t y s t u d y for a 3 0 k i l o t o n n e l iquid-sc int i l la tor 

u n d e r g r o u n d de tec to r a n d its f u n d a m e n t a l impac t on g e o p h y s i c s , 

as t rophys ics , neut r ino phys ics a n d p ro ton -decay sea rches . S u c h an 

exper imen t on Low Energy Neut r ino As t rophys i cs ( L E N A ) w o u l d a lso 

be sens i t i ve e n o u g h to de tec t relic s u p e r n o v a neut r inos , a n d h e n c e 

prov ide data on the h is tory of s tar f o rma t i on . A large E u r o p e a n ini

t iat ive will be n e c e s s a r y to real ize L E N A . H a n s T h o m a s J a n k a f rom 

MPI for Extraterrest r ia l Phys i cs c o m p l e m e n t e d the sess i on wi th a 

p resenta t ion on s u p e r n o v a neu t r inos . 

Karsten D a n z m a n n f rom MPI for Gravi tat ional Phys ics , H a n n o v e r / 

G o l m , gave a s u m m a r y on the s tatus of laser inter ferometer exper i -

' ments to detect gravitat ional w a v e s . Four f irst-generation exper iments 

- G E 0 6 0 0 near Hannover , L IGO at two si tes in the U S , T A M A close to 

Tokyo and V I R G O near Pisa - have begun to or will take data within the 

next year . The i r observat ion p r o g r a m m e s are coord inated to increase 
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the probabi l i ty of cor re la ted de tec t ions . Second -gene ra t i on exper i 

ments are already p lanned (L IGO with the G E O 6 0 0 techn ique) and the 

path to even more ambi t ious exper iments s e e m s to lie straight ahead , 

point ing to the ult imate chal lenge of observ ing primordial gravitational 

w a v e s . T h e Big Bang O b s e r v a t o r y cou ld be real ized a round 2 0 2 0 . 

Franz K a p p e l e r f r o m the R e s e a r c h Cen t re Kar ls ruhe s t ressed the 

n e e d for the centra l top ics of nuc lea r as t rophys i cs of p rec ise m e a 

s u r e m e n t s of c ross -sec t ions , as wel l as of the l i fet imes a n d m a s s e s 

of neutron-r ich iso topes . Exper imen ta l uncer ta in t ies on t h e s e q u a n 

t i t ies cur rent ly limit our unde rs tand ing of the e n e r g y p roduc t ion in 

s tars a n d nuc lear syn thes i s . 

A s t r o n g f u t u r e 
Look ing a h e a d , H e r m a n n - F r i e d r i c h W a g n e r a n n o u n c e d tha t f r om 

2 0 0 5 the fund ing of astropart ic le phys ics in G e r m a n univers i t ies will 

c h a n g e f rom the present star t -up scena r i o to a . th ree-year per iodic 

s c h e m e , as app l i ed , for e x a m p l e , in h igh-energy , nuc lear a n d astro

p h y s i c s . T h i s dec i s i on m e a n s tha t as t ropar t i c le phys i c i s t s in 

G e r m a n y can n o w m a k e p lans on a sol id fund ing bas is . In add i t ion , 

t he G e r m a n He lmho l t z assoc ia t i on of large resea rch cen t res n o w 

suppor ts so-cal led "virtual inst i tutes". T h e s e ne tworks will s t rengthen 

the co-opera t ion of un ivers i ty g r o u p s a n d research cent res . 

T h e matur i ty ast ropar t ic le phys i cs has n o w r e a c h e d a n d the self-

con f i dence of its p roponen t s w a s a lso v is ib le at the w o r k s h o p wi th 

the es tab l i shment of the KAT (Komi tee fur As t ro te i l chenphys ik ) c o m 

mit tee. KAT will be an e lec ted c o m m i t t e e respons ib le for exp ress ing 

the op in ions a n d n e e d s of as t ropar t ic le phys ic is ts in G e r m a n y , a n d 

will be a negot ia t ion par tner for s imi lar g r o u p s in other b r a n c h e s of 

phys ics , f und ing a g e n c i e s a n d in ternat iona l o rgan iza t ions . 

On the Eu ropean s c e n e A P P E C , the Astropart ic le Phys ics European 

Coordinat ion (CERN Courier J u l y / A u g u s t 2002 p6) has grown through 

new m e m b e r s B e l g i u m , G r e e c e , S p a i n a n d Po land . A P P E C , as 

T h o m a s Berghôfer and Christ ian Spier ing of D E S Y repor ted, is cont in

uing its peer rev iews of major astropait ic le-physics activities in Europe. 

T h e ILIAS ( Integrat ing Large Infrastructures for Astropart ic le Sc ience ) 

proposal , t r iggered by A P P E C as a joint p roposa l , w a s recently funded 

by a € 7 . 5 mill ion grant wi thin the E U ' s 6th F ramework P rog ramme. 

Th is third w o r k s h o p on the s ta tus and perspec t ives of astropart ic le 

phys i cs in G e r m a n y has revea led a resea rch f ield that has left its 

teenage years . Astropart ic le phys ics is n o w m u c h better ancho red in 

G e r m a n y than it w a s three yea rs ago . For tunate ly , however , both the 

growing impor tance of astropart ic le phys ics for f undamen ta l phys ics 

and astrophysics, as well as the personal en thus iasm of the physicists 

in this f ield of r esea rch , h a v e re ta ined thei r youth fu l spr ight l iness. 

• For fur ther in format ion on the w o r k s h o p , visi t the webs i te at 

h t t p : / / w w w - i k . f z k . d e / w o r k s h o p / a t w . 

A x e l L indner , DESY. 
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INTERVIEW 

From 'tau' to 'top' - the 
man behind the Dalitz plot 
Richard (Dick) Dalitz has spent more than 50 years in the study of elementary particles, 

the quark model and quantum chromodynamics. Here he talks to Melanie O'Byrne. 

Let 's s tar t r ight at the beginning. 
W h e r e w e r e y o u born? 
I w a s bo rn in D i m b o o l a , in t he s ta te o f 
V ic to r ia , Aus t ra l ia . Back t hen it w a s a t o w n 
of a b o u t 2 0 0 0 p e o p l e , bu t it 's m o r e l ike 
1 0 0 0 t o d a y . It is by t he W i m m e r a R iver , 
w h i c h ca r r ies ra inwa te r fa l l ing ins ide t h e 
G r e a t D iv id ing R a n g e of Aus t ra l i a no r th 
w a r d s unti l it s i nks into t he s a n d s . M y 
m o t h e r , a s c h o o l t e a c h e r , w a s v e r y k e e n 
tha t her ch i ldren shou ld h a v e an educa t i on 
in M e l b o u r n e , so w e m o v e d the re w h e n I 
w a s t w o y e a r s o ld ; all of m y schoo l i ng w a s 
in M e l b o u r n e . A t M e l b o u r n e Un i ve rs i t y I 
t o o k a f ou r - yea r c o u r s e for a B a c h e l o r of 
Ar ts ( H o n o u r s M a t h e m a t i c s ) a n d a B a c h 
elor of S c i e n c e ( P h y s i c s ) , a n d t h e n I t ook 
m y P h D in C a m b r i d g e . 

H o w did y o u become in terested 
in sc ience? 
I w a s a l w a y s in te res ted in m a t h e m a t i c s . 
Phys ics w a s a later interest, s ince it invo lved the use of mathemat ics . 

Dick Dalitz - quark-model pioneer. 

W h a t led y o u to Cambr idge? 
In 1946 I w a s a w a r d e d the A i t c h i s o n T r a v e l l i n g S c h o l a r s h i p of 
Me lbou rne Univers i ty . I mar r ied at age 21 a n d took m y wi fe wi th m e 
[to C a m b r i d g e ] . My supe rv i so r t he re w a s K e m m e r a n d m y first a im 
w a s to learn h o w to use q u a n t u m m e c h a n i c s . T h e r e w a s n ' t m u c h 
k n o w l e d g e of that in M e l b o u r n e in t h o s e d a y s . 

W h a t s p a r k e d y o u r in terest in q u a n t u m mechan ics? 
Q u a n t u m m e c h a n i c s w a s essen t i a l fo r r e s e a r c h in p h y s i c s . Pau l 
D i m e ' s The Principles of Quantum Mechanics w a s the b o o k to 
s tudy . Its f irst edi t ion in 1930 w a s s p a r s e in w o r d s a n d v e r y diff icult 
to r ead . T h e 1935 edi t ion w a s rewr i t ten but w a s unob ta inab le after 
t h e w a r . D i rac lec tu red f r o m th i rd -ed i t ion p roo fs in 1 9 4 6 a n d I 
a t t ended a s e c o n d t ime in 1947 , wi th m y o w n copy . Mrs [Ber tha 
S w i r l e s ] J e f f r e y s a l so g a v e v e r y inte l l ig ib le a n d use fu l l ec tu res . 
Lec tu res w e r e not requ i red for pos tg radua te s tuden ts , but w e w e n t 
a long out of interest. 

W h a t w a s y o u r P h D thes is w o r k ? 
Its t i t le w a s " 2 £ r o - z e r o t rans i t i ons in 
nuc le i " . Pr imar i ly it w a s a s tudy of the t ran
s i t ions f r om the first level of o x y g e n , w h i c h 
h a s sp in -pa r i t y 0 + , to t he g r o u n d s ta te , 
w h i c h a lso has 0 + , t oge the r wi th a n u m b e r 
of o ther top i cs a d d e d as a p p e n d i c e s . 

W a s y o u r thes is ent i re ly theoret ica l? 
Y e s , it w a s en t i re ly theore t i ca l but it 
s t e m m e d f r o m e x p e r i m e n t s by [ S a m u e l ] 
D e v o n s at t h e C a v e n d i s h Labo ra to r y . 
A f te r t w o y e a r s at C a m b r i d g e , I ran ou t 
o f m o n e y . W e h a d a y o u n g chi ld by tha t 
t i m e s o I t o o k up a o n e - y e a r pos t at t he 
Un ivers i ty of Br isto l . 

W h a t c a m e next? 
I w a s a s tuden t ass is tant to Professor Mott. 
H e b e g a n in n u c l e a r p h y s i c s in t he ear ly 
1 9 3 0 s but m a n y s t u d e n t s at t he C a v e n 
d ish Labo ra to ry consu l t ed h im (h imse l f a 

s tuden t ) abou t their sol id-state phys i cs resea rch . He did this so wel l 
that he qu ick ly b e c a m e k n o w n a s a sol id-state phys i cs exper t . He 
never f ound t ime to take a P h D himsel f . H o w e v e r , he recogn ized the 
high qual i ty of the research be ing d o n e by the Cosm ic Ray G r o u p on 
the four th f loor of the Phys i cs D e p a r t m e n t at Bristol Univers i ty . He 
w i shed to know more abou t th is w o r k a n d pe rhaps e v e n to take part 
in it. Th is w a s the g roup of C F Powe l l , w h o not long before had iden
t i f ied the p ion as Y u k a w a ' s nuc lear - fo rce m e s o n . It w a s the re that I 
learned abou t e l e m e n t a r y par t ic les f i rs t -hand, b e c a u s e t h e y w e r e 
the peop le f ind ing t h e m . Mot t w a s in s u c h d e m a n d in sol id-state 
p r o b l e m s tha t I n e v e r m a n a g e d to he lp h im m a k e t he t rans i t ion 
back to nuc lear phys i cs . 

At Bristol I got i nvo lved in p r o b l e m s of cosmic - ray part ic les. I took 
a part icular in terest in the " tau m e s o n " , w h i c h w e call the K + m e s o n 
today . T h a t tau m e s o n d e c a y e d into th ree p ions . I s tar ted col lect ing 
e v i d e n c e a b o u t t h e m a n d the i r d e c a y con f i gu ra t i ons . A l t h o u g h I 
t hough t a lot abou t t h e m , I d id not do a n y w o r k on t h e m until I had 
c o m p l e t e d m y thes is in 1960 , m o r e t h a n a y e a r later. 

Th i s y e a r at Bristol w a s vi tal for m y d e v e l o p m e n t in m a n y w a y s , 
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A Dalitz plot from the Crystal Barrel 
experiment, for pp-> 3K0. The axes are 
m(K°,K°)2/(MeV)2 for each pair of K° mesons. 

a v e r y impo r tan t y e a r fo r m e , in m y 
op in ion . I w a s invi ted to jo in the depar t 
m e n t of P ro fessor Peier ls at B i r m i n g h a m 
Univers i ty . My first y e a r the re w a s ma in ly 
o c c u p i e d w i th c o m p l e t i n g m y t hes i s 
work . I w a s a lso learn ing h o w to use the 
q u a n t u m - e l e c t r o d y n a m i c a l m e t h o d s o f ' 
F e y n m a n , w h i c h I u s e d to g e n e r a t e a 
n u m b e r of a p p e n d i c e s to m y thes is . 

Did y o u s tay at B i r m i n g h a m af ter 
comple t ing y o u r thesis? 
Y e s , I w r o t e the t hes i s in the f i rst y e a r , 
t h e n I w a s a research fe l low a n d later a 
lecturer . It w a s a s t rong g r o u p , c e n t r e d 
o n Pe ie r ls . T h i s w a s his s t y l e ; Pe ier ls 
s u p e r v i s e d all of the s tuden ts . He had a 
w i d e range of unde rs tand ing in phys i cs a n d in life. 

I w a s v e r y lucky. D y s o n , w h o had w o r k e d in A m e r i c a s h o w i n g that 
the theore t ica l f o rma l i sms of F e y n m a n a n d S c h w i n g e r w e r e e q u i v a 
lent, did so on a U K fe l lowship that requi red him to return to Eng land 
for t w o y e a r s after his w o r k the re . He c h o s e to wo rk at B i r m i n g h a m . 
He w a s in a fair ly re laxed s ta te t h e n , b e c a u s e he 'd d o n e his mos t 
impor tan t wo rk and so he had an a m o u n t of t ime to talk wi th m e 
n o w a n d t h e n . His p r e s e n c e , a n d m y con tac t wi th h im , w a s cons id 
e rab le a n d impor tan t for m e . 

I d id m y w o r k t h e n [ in 1 9 5 1 ] o n t h e neut ra l p ion d e c a y , to a 
p h o t o n a n d an e l e c t r o n - p o s i t r o n pai r [ the "Da l i t z p a i r " ] , be fo re 
mov ing on to the t a u - m e s o n d e c a y , for wh i ch I dev i sed a conven ien t 
rep resen ta t i on , the so-ca l led "Dal i tz plot". 

H o w did y o u c o m e up w i t h the Dalitz plot? 
T h e Dali tz plot is a kind of m a p , s u m m a r i z i n g all of the poss ib le f inal 
con f igura t ions , e a c h dot rep resen t ing o n e even t . I c a m e at it f r om a 
geomet r i ca l pe rspec t i ve b e c a u s e I v i sua l i ze g e o m e t r y bet ter t han 
n u m b e r s . T h e idea w a s c o n v e n i e n t t h e n for all s y s t e m s d e c a y i n g 
into th ree part ic les. T a u - m e s o n d e c a y to th ree p ions is part icular ly 
s imp le . W i th par i ty conse rva t i on ( P ) , I used the plot to s h o w that if 
t he tau m e s o n w a s a lso c a p a b l e of d e c a y to t w o p ions , t h e n the 
th ree-p ion plot shou ld s h o w spec ia l f ea tu res , w h i c h are a b s e n t in 
t he da ta ; a n d a lso to s h o w tha t t he tau m e s o n had zero s p i n . If the 
K + m e s o n can d e c a y to th ree-p ion a n d two-p ion s ta tes , t hen t hese 
t w o f inal s ta tes mus t h a v e oppos i te pari ty. T h e s e facts w e r e the first 
in t imat ion that P might fail for w e a k d e c a y in teract ions. 

W h e n did y o u visi t Corne l l Univers i ty , f r o m B i r m i n g h a m ? 
I w a s at B i r m i n g h a m Un ive rs i t y f r o m 1 9 4 9 to 1 9 5 3 . T h e n I w a s 
g i v e n t w o y e a r s l eave to w o r k in A m e r i c a , p r imar i l y at Corne l l 
Un ive rs i t y in I t haca , ups ta te N e w Y o r k , in t he g r o u p of P ro fesso r 
B e t h e , at his inv i ta t ion . He w a s a t r e m e n d o u s s t imu la t i on . O u r 
n a m e s a p p e a r toge the r on o n e paper , but our con t r ibu t ions w e r e 
m a d e at di f ferent p laces and dif ferent t imes. My work w a s most ly on 
p i o n - n u c l e o n sca t te r ing a n d t he p roduc t i on of p ions . I w a s a lso 
v e r y fo r tuna te to be ab le to w o r k at a n u m b e r of p laces for shor t 
per iods . I s p e n t one s u m m e r at S tan fo rd Un ivers i ty , ano the r at the 

B r o o k h a v e n Nat iona l Laboratory and o n e 
s e m e s t e r at t h e Inst i tute fo r A d v a n c e d 
S tud ies at P r ince ton . 

A n d w h e n did y o u g o to the 
Un ivers i ty of Ch icago? 
I j o i n e d t h e facu l t y of t he Un ive rs i t y 
of C h i c a g o a n d its Enr ico Fermi Inst i tute 
fo r N u c l e a r S t u d i e s in 1956 . A f te r 
Fermi d ied in 1954 , a n u m b e r of sen io r 
t heo re t i ca l phys i c i s t s left C h i c a g o -
Ge l l -Mann w e n t to C a l T e c h , G o l d b e r g e r 
w e n t to P r i nce ton Un ive rs i t y , a n d t he re 
w e r e o the rs . T h o s e a p p o i n t e d to sen io r 
pos ts at t he Un ive rs i t y of C h i c a g o t h e n 
had a t r e m e n t l o u s oppor tun i ty - to bui ld 
up g r o u p s aga in a n d ge t t h i ngs go ing , 

w i th t he j u n i o r f acu l t y stil l t o be a p p o i n t e d . T h e r e w e r e qu i te a 
n u m b e r of g o o d s t u d e n t s t h e r e t o o , m a n y f r o m o ther coun t r i es . 

My in teres t in h y p e r n u c l e a r e v e n t s d e v e l o p e d par t icu lar ly we l l 
in C h i c a g o b e c a u s e a y o u n g e m u l s i o n e x p e r i m e n t e r , R i cca rdo 
Levi-Sett i , w h o s e wo rk I had k n o w n f rom his hype rnuc lea r s tud ies at 
M i lan , c a m e to t he Inst i tute for N u c l e a r S tud ies at th is t ime . W e 
each benef i ted f r om the o ther , I th ink, a n d w e got qui te a lot d o n e . 

Did all of th is happen o v e r just t w o y e a r s in Chicago? 
N o , I w a s c o n n e c t e d to the Un ivers i ty of Ch i cago for 10 y e a r s in al l . 
I en joyed Ch icago . I though t it a ve ry interest ing place and a very f ine 
univers i ty . I a p p r o v e d of t he w a y the un ivers i ty did th ings , a l though 
the p lace w a s n ' t v e r y f ash ionab le wi th A m e r i c a n phys ic is ts . At tha t 
t ime t hey t e n d e d to go to e i ther t he eas t coas t or the w e s t coast . 
Relat ive ly f ew of t h e m w e r e in te res ted in be ing in the midd le of the 
count ry ; p e r h a p s m o r e do t h e s e d a y s . 

Af te r C h i c a g o , y o u w e n t to O x f o r d Un ivers i ty 
Peier ls b e c a m e the W y k e h a m p r o f e s s o r of theore t i ca l phys i cs in 
Ox fo rd , w h e r e the re had not real ly b e e n a n y centra l d e p a r t m e n t for 
th is. T h e r e w e r e s o m e ind iv idual theore t ica l phys ic is ts , but on ly a 
sma l l n u m b e r . Peier ls b rough t all t ha t toge the r , and he w a s v e r y 
keen for m e to go back wi th h im to O x f o r d . 

I b e c a m e a resea rch p ro fesso r of t he Roya l Soc ie ty . T h e y h a v e 
no bu i ld ings for r e s e a r c h , bu t t h e y had f u n d s a n d cou ld appo in t 
s o m e researchers to be in va r i ous univers i t ies. I w a s respons ib le for 
o rgan iz ing par t ic le -phys ics t h e o r y in O x f o r d . Bes ides qua rk -mode l 
w o r k , I still d id w o r k on h y p e r n u c l e a r p h y s i c s , m u c h of th is w i th 
A v r a h a m Gal of J e r u s a l e m . 

Life b e c a m e inc reas ing l y b u s y a s t h e y e a r s w e n t by . I w a s 
a t tached to the Ruther fo rd H igh -Ene rgy Labora to ry , as it w a s ca l led 
in those days . T h e y had their o w n acce lera tor and I w a s their adv iser 
on theoret ica l mat te rs . T h a t w a s qui te a h a p p y a r rangemen t , a lso . 

I 've heard sc ient is ts cal l y o u the " f a t h e r of Q C D " . Do y o u 
th ink that 's fa i r to say? 
O h , no . I w o u l d n ' t c la im that . I f irst hea rd quark co lours m e n t i o n e d 
in a s e m i n a r by Ge l l -Mann . I j us t p icked up the ball v e r y qu ick ly D > 
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s ince th is concep t immed ia te l y reso lved s o m e d e e p diff icult ies with 
t he qua rk m o d e l tha t w e had a d o p t e d in 1965 . Of c o u r s e , m a n y 
peop le wou ldn ' t g ive a n y c r e d e n c e for the quark theo ry at tha t ear ly 
s tage , but I w a s a lways interested in it, and o thers c a m e to Oxford to 
jo in in the work . 

A s t i m e p a s s e d , h e a v i e r q u a r k s , c h a r m ( c ) a n d b o t t o m ( b ) , 
b e c a m e es tab l i shed a n d w e b e c a m e in teres ted in the sp in cor re la
t ions b e t w e e n the quark and an t iquark je ts f rom e l e c t r o n - p o s i t r o n 
ann ih i la t ion e v e n t s . Final ly w e c a m e to the top qua rks , for w h i c h 
t h e s e ef fects w o u l d p robab ly be qui te di f ferent. 

W h a t w a s y o u r involvement in the d i s c o v e r y of the top quark? 
T w o g r o u p s at t he T e v a t r o n ( F e r m i l a b ) w e r e do i ng e x p e r i m e n t s 
at su f f i c ien t ly h igh e n e r g i e s to f ind t he t op ( t ) qua rk , bu t little 
w a s k n o w n a b o u t their p rog ress . W e - myse l f and G a r y Go lds te in 
(a t Tu f t s Un i ve r s i t y ) - t h o u g h t a b o u t t he p r o b l e m s of h o w o n e 
m igh t ident i fy t o p s a n d an t i t ops f r o m t h e d e c a y p r o c e s s e s tha t 
s e e m e d m o s t na tura l for t h e m , a n d w o r k e d ou t a g e o m e t r i c a l 
m e t h o d by w h i c h exper imen ta l da ta cou ld be used to d e d u c e the 
top quark m a s s . 

It w a s k n o w n tha t t h e r e w a s o n e e v e n t t ha t s e e m e d to h a v e 
t h e f e a t u r e s n e e d e d - th is h a d b e e n s h o w n at a c o n f e r e n c e by 
t h e C D F g r o u p at F e r m i l a b - bu t w h i c h t he C D F e x p e r i m e n t e r s 
w o u l d not a c c e p t as a poss ib le t o p - a n t i t o p p roduc t i on a n d d e c a y 

e v e n t . S i n c e t h e y w i s h e d to d e t e r m i n e t h e t o p pa i r -p roduc t i on 
c ross -sec t i on , t h e y had laid d o w n f iduc ia l l imits for s u c h e v e n t s . 
H o w e v e r , t h e s e l imits w e r e not a l w a y s re levan t for de te rm in ing the 
ex i s tence a n d m a s s of the t op quark . K n o w l e d g e of th is o n e e v e n t 
m a d e us th ink v e r y hard a b o u t dev i s i ng th is m e t h o d - empi r i ca l 
da ta dr ive the theore t i ca l m i n d ! W e t r ied ou t our m e t h o d , wi th the 
c o n c l u s i o n tha t , if th is e v e n t w e r e t o p - a n t i t o p p r o d u c t i o n a n d 
decay , the top quark m a s s mus t be greater t han abou t 130 G e V , an 
u n e x p e c t e d l y large v a l u e . But of c o u r s e th is o n e e v e n t migh t not 
h a v e b e e n a t o p - a n t i t o p even t . T h i s cou ld on ly be d e c i d e d on t he 
bas is of a la rge n u m b e r o f o b s e r v e d e v e n t s , all o f t h e m be ing 
cons i s ten t w i th a u n i q u e m a s s , a n d th is w a s the c a s e w h e n the 
t w o e x p e r i m e n t a l g r o u p s c a m e to c o n c l u d e later t ha t t he t o p 
m a s s w a s a b o u t 180 G e V . 

Y o u ' v e had a lot of good fo r tune and hard w o r k along the w a y ! 
Y e s , I know. . . I 'm v e r y a w a r e of that . I h a v e b e e n lucky. 

Melanie O 'Byrne , Thomas Jefferson Laboratory, talked to 
Richard Dalitz during the 8th International Conference on 
Hypernuclearand Strange Particle Physics, held at Jefferson Lab 
in October 2003. This article is based on the interview published 
in Jefferson Lab's newsletter, O n T a r g e t in March 2004, and is 
published with the laboratory's permission. 
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China reinforces 
collaboration at the LHC 

A workshop in China provided the occasion for a rare event in 
particle physics - the simultaneous participation of the spokesmen for the 

four major experiments being prepared for the LHC. 

The participants of the second China-CERN Workshop assembled on the beach in front of the new amphitheatre of the 
Weihai branch of Shandong University. On 6 October, World Habitat Day, the city of Weihai received the United Nations Habitat 
Scroll of Honour Award for 2003, for its outstanding contributions in improving its habitat and environment. 

T h e s e c o n d C H I N A - C E R N W o r k s h o p took p lace f rom 31 O c t o b e r to 
1 N o v e m b e r 2 0 0 3 in W e i h a i Ci ty in the S h a n d o n g p rov ince , s o m e 
8 0 0 km sou th -eas t of Bei j ing. Co -o rgan i zed by the Nat iona l Natura l 
Sc ience Foundat ion of Ch ina ( N S F C ) - Ch ina ' s ma in fund ing a g e n c y 
for t he Large H a d r o n Co l l ide r ( L H C ) - a n d C E R N , t he w o r k s h o p 
a l l o w e d t he a t t end ing s p o k e s m e n " to r ev i ew the s ta tus o f the i r 
co l labora t ions wi th C h i n e s e co l l eagues a n d fund ing agenc ies . 

T h e f irst C H I N A - C E R N W o r k s h o p w a s he ld 1 9 9 9 , a n d at tha t 
t ime Ch ina par t i c ipa ted ma in l y in t he C M S e x p e r i m e n t , a n d to a 
l esse r ex ten t in A T L A S . S i n c e t h e n , h o w e v e r , C h i n e s e sc ien t i s t s 
h a v e j o i ned all four ma jo r L H C co l l abo ra t i ons , th ree of w h i c h are 
n o w fo rma l ly f u n d e d by C h i n a . T h e s e c o n d w o r k s h o p w a s a t t ended 
by 62 par t i c ipan ts . T h e 13 n o n - C h i n e s e m e m b e r s o f t h e L H C 
co l labora t ions inc luded the s p o k e s m e n Michel Del ia Negra ( C M S ) , 
Peter J e n n i ( A T L A S ) , T a t s u y a N a k a d a ( L H C b ) and J u r g e n Schukra f t 
( A L I C E ) . Rep resen ta t i ves f r om the C h i n e s e fund ing a g e n c i e s - the 
N S F C , the Ch inese Ministry of S c i e n c e a n d T e c h n o l o g y , the Ministry 

of E d u c a t i o n , a n d the C h i n e s e A c a d e m y of S c i e n c e s - ac ted as 
rev iewers a n d organ izers . C h i n e s e inst i tut ions and univers i t ies w e r e 
a lso rep resen ted by 36 par t ic ipants f r o m : the Centra l Ch ina Norma l 
Univers i ty ; the Ch ina Inst i tute of A t o m i c Ene rgy ; the Centra l Ch ina 
S c i e n c e a n d T e c h n o l o g y Un i ve rs i t y ; t he Inst i tute of H igh E n e r g y 
P h y s i c s ( I H E P ) ; t he Inst i tu te o f T h e o r e t i c a l P h y s i c s ( I T P ) of t he 
Ch inese A c a d e m y of Sc iences ; Nanj ing Univers i ty ; Peking Univers i ty ; 
S h a n d o n g Un ive rs i t y ; T s i n g h u a Un i ve rs i t y ; a n d the Un ive rs i t y o f 
S c i e n c e and T e c h n o l o g y in H e f e i / A n h u i . 

T h e w o r k s h o p c o n s i s t e d m a i n l y of p l e n a r y p resen ta t i ons , a n d 
t he re w e r e o p e n i n g a d d r e s s e s f r o m P e i w e n Ji ( N S F C ) , D ie the r 
B l echschm id t ( C E R N ) a n d T a o Z h a n , p res iden t of the hos t S h a n 
d o n g Un ive rs i t y . Z h a n p l e d g e d c o n t i n u e d s u p p o r t fo r the L H C 
p r o g r a m m e at S h a n d o n g Un ivers i ty , w h i c h has been a m e m b e r of 
t he A T L A S co l l abo ra t i on s i n c e 1 9 9 9 . T h e fou r s p o k e s m e n of t he 
LHC co l labora t ions t hen p resen ted the s ta tus of their expe r imen ts , 
and representa t ives of the Ch inese co l laborators repor ted on their > 
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COLLABORATION 

con t r i bu t i ons to t h ree L H C e x p e r i m e n t s : G u o l i a n g T o n g of I H E P 

r e v i e w e d w o r k on t he A T L A S e x p e r i m e n t in C h i n a , a n d C h u n h u a 

J iang and Y u a n n i n g G a o desc r i bed p rog ress on C M S and L H C b at 

IHEP and T s i n g h u a Un ivers i ty , respec t i ve ly . 

T h e s e s s i o n s c o n t i n u e d wi th Y u q i C h e n of ITP, repor t ing on the 

p rog ress of theo re t i ca l s t u d i e s in co l l ider p h y s i c s in C h i n a fo r 

the pas t t w o y e a r s , a n d G a n g C h e n o f I H E P , w h o looked at t he 

c o m p u t i n g n e e d s for fu tu re p h y s i c s . A l e x a n d r e N ik i tenko f r o m 

Imper ia l Co l l ege in t he U K g a v e a n ou t l ook on t he ear ly p h y s i c s 

reach of C M S , a n d T o r s t e n A k e s s o n of L u n d p resen ted the pros

pects for c o m p u t i n g for A T L A S . 

O n t he s e c o n d d a y , repor ts o n m u o n p ro jec ts for A T L A S a n d 

C M S w e r e g i ven by G e o r g e M ikenbe rg f r om the W e i z m a n n Insti tute 

a n d G u e n a k h M i t s e l m a k h e r of F lo r i da , r espec t i ve l y . Chr is S e e z 

of Imper ia l Co l lege ta lked a b o u t t he t r igger s y s t e m for C M S , a n d 

A n t o n i o Pe l leg r ino f r o m N I K H E F repor te t i on t he ou te r t rack ing 

s y s t e m for L H C b . Ac t iv i t ies in C h i n a w e r e p r e s e n t e d by G u o m i n g 

C h e n of I H E P , w h o d e s c r i b e d his s t u d i e s o n B c p h y s i c s at C M S ; 

Y o n g Ban and Sijin Q i a n , w h o rev iewed the wo rk at Peking Univers i ty 

on the resist ive plate c h a m b e r s for C M S a n d on the C M S phys ics 

p r o g r a m m e , respec t i ve ly ; a n d C h e n g g u a n g Z h u , w h o repor ted on 

the p roduc t i on of t he th in g a p c h a m b e r s fo r A T L A S in t he hos t 

univers i ty of S h a n d o n g . 

Af ter a l m o s t one -and -a -ha l f d a y s of p l ena ry s e s s i o n s , C h i n e s e 

phys ic is ts a n d thei r co l l eagues in the L H C expe r imen ts me t in four 

paral lel s e s s i o n s - o n e for e a c h e x p e r i m e n t - to rev iew p rogress , 

address p rob lems and plan future work , espec ia l ly for the upcom ing 

LHC phys ics ana lys is . In the a f te rnoon of the s e c o n d day , there w a s 

a l ively and b road d i scuss ion a m o n g all w o r k s h o p par t ic ipants on 

L H C c o m p u t i n g , w i th J u r g e n K n o b l o c h o f C E R N ' s In fo rma t ion 

T e c h n o l o g y Div is ion ac t ing as c o n v e n e r . A s a result of t h e s e meet 

ings , t he cu r ren t s i tua t ion a n d p r o b l e m s of c o m p u t i n g a n d 

ne two rk ing in C h i n a h a v e b e c o m e m u c h c learer . A s a next s t e p , 

Ch inese g roups will have to f ind a so lut ion to their p rob lems with the 

help of C E R N a n d s u p p o r t e d by the i r f und ing agenc ies . 

In s u m m a r y , t he 2 0 0 3 C H I N A - C E R N W o r k s h o p p r o v i d e d an 

ideal f o rum to rev iew the p rog ress a n d c o m m i t m e n t of Ch ina to the 

L H C p r o g r a m m e . T h e v e n u e a n d a g e n d a w e r e wel l p repared by t he 

N S F C and C E R N , a n d issues of c o m m o n c o n c e r n to all L H C exper i 

men t s , s u c h as c o m p u t i n g a n d ne twork ing , w e r e wel l a d d r e s s e d . 

T h e f ind ing of appropr ia te so lu t i ons to s u c h c o m m o n issues is of 

key i m p o r t a n c e , not on ly to t h e L H C co l l abo ra t i ons but a lso to 

the i r C h i n e s e pa r t i c ipan ts , w h o w i s h to h a r v e s t a n d a n a l y s e t he 

o v e r w h e l m i n g f low of p h y s i c s da ta tha t t he L H C e x p e r i m e n t s wil l 

p rov ide as of 2 0 0 7 . 

T h e w o r k s h o p encou raged Ch inese co l leagues to part ic ipate more 

act ive ly in va r i ous L H C c o n f e r e n c e s , espec ia l l y in c o m p u t i n g a n d 

L H C p h y s i c s s t u d i e s , so tha t i d e a s a n d r e s e a r c h resu l ts can be 

prompt ly c o m m u n i c a t e d wi th in the w h o l e co l laborat ion c o m m u n i t y , 

and so that p rob lems m a y be so l ved m o r e ef fect ively wi th help f rom 

exper ts at C E R N a n d other inst i tutes a r o u n d the wor l d . 

In v i e w of the s u c c e s s of t he s e c o n d C h i n a - C E R N W o r k s h o p , it 

can be expec ted tha t s imi lar w o r k s h o p s wil l be held in the fu ture . 

Diether B lechschmidt CERN, and Si j in Qian, Peking University. 
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ANTARES inaugurates scientific station 
The land-based scientific station for the 
A N T A R E S underwater neutr ino te lescope, 
located at La Seyne-sur-Mer n e a r T o u l o n , was 
inaugurated on 18 November 2003 . Guests 
at the inaugurat ion ceremony included 
Claudie Haigneré, the French minister for 
research and new technologies, and 
Guido Possa , the vice-minister delegate for 
research, w h o represented the Italian minister 
for educat ion Letizia Moratti. 

A N T A R E S will deploy 900 downward -
oriented photomult ipl ier tubes in the 
Mediterranean Sea at a depth of - 2 4 0 0 m in 
order to detect light produced by high-energy 
cosmic neutr inos that have t raversed the Earth 
and interacted near the sea floor (see CERN 
Courier lune 2003 p22) . This configuration 
will enable the te lescope to study the sky in 
the southern hemisphere, including the galac
tic centre, which is a site of numerous intense 
and energetic astrophysical phenomena . 

The 0.1 k m 2 A N T A R E S te lescope is a 
prelude to a future array, which will instrument 
a vo lume of 1 k m 3 of seawater . Such a 

Claudie Haigneré (left), the French minister 
for research and new technologies, and 
Guido Possa, the vice-minister delegate 
for research, at the inauguration ceremony 
of the ANTARES scientific station. 

te lescope should be capable of identifying 
enough cosmic neutr ino events per year to 
identify the principal sources of high-energy 
neutr inos in the universe, thereby opening a 
new era of neutr ino ast ronomy. 

Initiated seven years ago, the A N T A R E S 

An artist's view of the ANTARES neutrino 
detector. The magnifying glasses pinpoint 
different components. (Lagier, CNRS/IN2P3.) 

project is a col laborat ion between 14 
institutes in seven European countr ies. The 
te lescope will begin operat ion in 2006 and 
will also offer a platform for mult idiscipl inary 
studies in oceanology, se ismology and marine 
biology in the deep Medi ter ranean. 

Brookhaven opens 
Space Radiation 
Laboratory for NASA 
T h e risk of exposure to space radiat ion is one 
of the major prob lems that needs to be 
resolved to ensure that humans leaving Earth 
to explore Mars, the Moon or other p lanetary 
sur faces are safe. The risk cannot be 
measured directly, but must be est imated 
f rom calculat ions based on measu remen ts of 
the kind of radiation that exists in space . Th is 
is the purpose of the NASA Space Radiat ion 
Laboratory ( N S R L ) that has been set up at 
the Brookhaven National Laboratory in New 
York . Here , NASA scient ists will be able to 
gather the necessary information on the 
phys ics and radiobiology of space radiat ion 
so that, within the next 1 0 - 1 5 years , 
enough will be known about the health 
effects of exposure to the radiat ion to enable 
the des ign of spacecraf t that can keep 
the explorers safe. 

Brookhaven's director Praveen Chaudhari (centre) wields the scissors at the inauguration 
of NASA's Space Radiation Laboratory. The ceremony was attended by dignitaries 
including officials from NASA and the Department of Energy. (Photo: Roger Stoutenburgh.) 

For the new facility, the Booster Synchro
t ron, which is the injector to the Alternating 
Gradient Synchro t ron, has been modif ied to 
provide slow-extracted beams of ion species, 
f rom protons to gold. A new beam-transport 
sys tem has also been constructed to deliver 
the beams to the N S R L The beam energy, 
intensity and spill length can be var ied for 
each exper iment, and the plan is to provide 

6 0 0 - 1 2 0 0 hours of beam operat ion per year 
in three to four sess ions. In addit ion to the 
beam del ivery, the facility can provide full 
dosimetry and support , including cell and 
animal research laboratories, for radio
biological studies prior to and after exposure. 

The NSRL is managed for NASA by the 
Brookhaven National Laboratory and the 
Depar tment of Energy 's Office of Sc ience. 
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The Spanish secretary of state for scientific 
and technological policy, Pedro Morenés 
Eulate, visited CERN on 23 January. His 
tour included the test facility for 
superconducting magnets for the Large 
Hadron Collider, the civil-engineering works 
for CMS at Point 5, the assembly halls for 
CMS and ATLAS, and the ISOLDE 
experimental hall. He also received a brief 
presentation by Sam Ting on the Alpha 
Magnetic Spectrometer, which will be 
installed on the International Space 
Station, and finished his visit by meeting 
with the Spanish scientific community 
working at CERN. He is seen here (left) 
signing the visitor's book, together with 
CERN's director-general Robert Aymar. 

P R I Z E S 

Bruno Pontecorvo Prize is 
awarded to Yoji Totsuka... 
The 2003 Bruno Pontecorvo Prize of the 
Joint Institute of Nuclear Research in Dubna , 
Russia, has been awarded to Yoji To tsuka , 
the director-general of the High Energy 
Accelerator Research Organizat ion ( K E K ) , in 
Tsukuba , J a p a n , for his outstanding 
contr ibution to the discovery of atmospher ic 
muon -neu t r i no oscil lations. 

Totsuka was one of the central f igures in the 
Kamiokande col laboration, which reported the 
detection of a deficit in the number of atmos
pheric muon neutrinos in 1988. He then led 
the SuperKamiokande col laboration, which 
one decade later, in 1998, announced the 
discovery of atmospher ic neutrino oscil lations 
by determining the relative numbers of muon 
neutrinos and electron neutrinos as a function 
of the distance from their creation point. 

.. .while Till Kirsten and Federico 
Capasso receive Tomassoni prizes 
The 2004 Tomasson i prizes, awarded by the 
Physics Depar tment of the University of Rome 
La Sap ienza, are to be given to Till Kirsten of 
the Max Planck Institute for Nuclear Physics in 
Heidelberg, and Federico Capasso of Harvard 
University. The two prizes, which recognize 
and encourage outstanding ach ievements in 
physics, are based on a grant f rom the 
T o m a s s o n i - C h i s e s i family. They are awarded 
in memory of Felice Pietro Chisesi , a graduate 
in physics f rom the University of Rome La 
Sap ienza, and Caterina Tomasson i . 

Kirsten receives the Tomasson i -Ch ises i 
award (€25 000) for his pioneering work on 
weak interactions, including the first 
observat ion of double beta-decay in isotopes 
of tellurium and xenon using geochemical 
methods. He also led the Heidelberg group in 
building the GALLEX detector at the Gran Sasso 
Laboratories, which was the first experiment to 
detect neutrinos from proton-proton reactions 
in the Sun . Capasso receives the Ch i ses i -
Tomasson i award (€13 000) for his pioneering 
work on the quantum-cascade laser. 

Call for nominations 
for Outreach Prize 
The High Energy Particle Physics ( H E P P ) 
Board of the EPS is calling for nominat ions for 
its Outreach Prize for 2004. The prize is 
intended for outstanding outreach achieve
ments connected to high-energy physics 
a n d / o r particle astrophysics. 

The prize can be attr ibuted to a scientist or 
non-scientist, and will consist of a diploma 
specify ing the work of the recipient(s) , as 
well as a cash prize of 2000 Swiss Francs 
(about € 1 3 0 0 ) , contr ibuted by the HEPP 
divis ion. T h e prize d ip loma will be handed 
over to the recipient(s) at the EPS General 
Meet ing in Bern in Ju ly 2005. 

Nominat ions should be sent to Jo rma 
Tuomin iemi (Jorma.Tuomin iemi@cern .ch) 
before 15 April 2004. 

Going to 
work on an 
experiment 
at CERN? 
Visit 
http://cern.ch/ep-div/UsersOffice/ 
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Memorial meeting at CERN 
remembers Rolf Hagedorn 

Orsay puts on 
birthday Fest for 
Jean-Paul Repellin 

Hans Gutbrod of GSI (right) and Jean Letessier ofParis-VII (centre) in conversation with 
Laszlo Gutay of Purdue University at the Hagedorn memorial meeting last November. 

On 28 November CERN remembered one of its 
well-respected theorists with a memorial meet
ing to recall the life and work of Rolf Hagedorn, 
who died in March 2003 (CERN Courier 
September 2003 p45) . The speakers were 
mainly physicists who had col laborated with 
Hagedorn. They covered a wide range of sub
jects, from Jan Rafelski of Arizona who talked 
on nuclear matter at the Hagedorn tempera
ture, and Gabriele Veneziano of CERN and 
KITP, Santa Barbara, who addressed Hagedorn 
and Hawking temperatures from a string 
perspect ive, to Carlo Vandon i , now retired from 
C E R N , who worked with Hagedorn on inter
active comput ing with a graphical interface. 

The meeting brought together not only theo
rists but also experimenters working in studies 
of hadronic matter to which Hagedorn made 

Karel Safarik from CERN and the ALICE 
heavy-ion experiment (right) with 
Emanuele Quercigh from Padova. 

seminal contributions, and that continue today 
with exper iments investigating the boundary 
between hadronic matter and quark matter in 
heavy-ion collisions. The talks are available at 
wwwth .ce rn .ch /hagedorn /Hagedorn .h tm. 

The Laboratoire de l 'Accélérateur Linéaire at 
Orsay celebrated the 65th birthday of 
Jean-Paul Repell in with a Fest on 9 January 
that was at tended by many of his col leagues, 
s tudents and fr iends. Repel l in, who is seen 
here between Jean l l iopoulos (left) and Luigi 
Di Leila (r ight) spent a large part of his 
scientif ic career at Orsay working on 
exper iments at C E R N , in particular W A 2 , UA2 
and O P E R A / C N G S . He was also vice-director 
of IN2P3 for six years , with responsibil i ty for 
high-energy physics. Speakers at the 
sympos ium consisted of fr iends Bernard 
D 'A lmagne, J a c q u e s Lefrancois, Jean-Marc 
Gai l lard, Manoël Dial inas, Di Leila, 
Claude Détraz, Y v e s Declais, Daniel 
F r o i d e v a u x a n d Michel Spiro. 

M E E T I N G S 

An Oberon Day on "Ef f ic ient 
P rogramming for Sciences and 
Engineer ing in the 21st C e n t u r y " will be 
held at CERN on 10 March 2004. The 
workshop will explore the unique blend of 
simplicity, reliability and eff iciency that the 
Oberon family of programming languages and 
the paradigm of component-or iented 
programming are bringing to a variety of 
areas. For further information, see : 
h t t p : / / c e r n . c h / o b e r o n . d a y . 

The first meet ing of A workshop on the 
implications of HERA for LHC physics, 
joint ly organized by CERN and DESY, will be 

held at C E R N on 2 6 - 2 7 March. The meet ing 
a ims to bring together experimental ists and 
theorists work ing on LHC and HERA physics to 
explore the impact of HERA measurements on 
the physics reach of the LHC. Five working 
groups will cover topics such as parton 
density funct ions, multijet final states and 
energy f low, heavy quarks, diffraction and 
Monte Carlo tools. Details can be found at: 
w w w . d e s y . d e / ~ h e r a l h c . 

T h e CERN Accelerator School and CLRC 
Daresbury Laboratory will organize a course 
on Power Converters for Particle 
Accelerators at the Hanover International 
Hotel , Warr ington, UK, on 12 -18 May. The 
course will be of interest to staff in accelerator 

laboratories, universit ies and companies 
special iz ing in power converters and their 
electronics. For further information, 
see : w w w . c e r n . c h / s c h o o l s / C A S , 
e-mail: Suzanne .von .War tbu rg@cern .ch , 
or fax: +41 22 767 5460. 

Hadron Collider Physics 2004 
(HCP2004) , the 15th Topical Conference 
on Hadron Collider Physics, will be held at 
Michigan State University on 1 4 - 1 8 June . 
For more informat ion, see: w w w . p a . m s u . e d u / 
hcp2004, contact Lorie N e u m a n , Conference 
Office, Depar tment of Physics and 
As t ronomy, Michigan State University, 
East Lansing, Ml 48824-1111, USA, or 
e-mail: con fe rence@pa.msu .edu . 
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Agilent Technologies has introduced a new 
simulat ion model for high-frequency GaAs and 
InP heterojunction bipolar transistors, which 
provides greater accuracy and improved 
convergence over existing models. The new 

model is part of the Agilent Advanced Design 
Sys tem of software for electronic design 
automat ion. For further information, contact 
Janet Smi th, tel: +1 970 679 5397, e-mail: 
janet_smi th@agi lent .com, or Michaela 
Marchesani , tel: +49 7031 464 1955, 
e-mail: michaela_marchesani@agi lent .com. 

Atlas Technologies builds aluminium UHV 
chambers for synchrotron and semiconductor 
facilities. Their use can overcome the problem 
of carbon outgass ingf rom stainless steel, 
which can be a serious source of contamination 
and can damage synchrotron optics. For more 
details, tel: + 1 3 6 0 385 3123, e-mail: Sales® 
At lasUHV.com, or see: www.At lasUHV.com. 

Burle Electro-Optics has announced the 
deve lopment of a new 40 m m diameter 
advanced-per fo rmance time-of-flight (TOF) 
detector. T h e detector 's unique small-pore 
5 Mm microchannel plate technology, 
combined with a larger collection area, offers 
higher per formance, improved mass 
resolution and fast t iming for T O F mass 
spect rometry . For further information, please 
call: +1 800 648 1800 or +1 508 347 4000, 
o re -ma i l : sa les@bur le -eo .com. 

CEDIP Infrared Systems has used its J A D E 
infrared focal-plane array camera, together with 
digital image processing software, to create the 
ALTAIR Li sys tem, which produces high-quality 
images of stress in materials under dynamic 
loading condit ions. W h e n used to measure 
heat dissipation under dynamic loading, the 
system can also be used to determine the 
material 's fatigue limit. For further information, 
call Pierre Potet on : +33 1 60 37 0100, 
e-mail: cedip@cedip- infrared.com, or see: 
www. ced i p-i nf ra red. co m. 

Integrated Engineering Software (IES) has 
released its Lorentz 2D EM package, which 
provides an improved simulat ion tool for a 
range of charged-part ic le optics appl icat ions, 
including electron guns and photomult ipl ier 
tubes. IES has also announced the release of 
C O U L O M B 6.1, the latest vers ion of their 3D 
electrostatic design and simulat ion software, 
with appl icat ions that include striplines, 
t ransmiss ion l ines, cables and connectors. 
For further informat ion, tel: +1 204 632 
5636, e-mail: in fo@integratedsof t .com, or 
see : www. in tegra tedsof t .com. 

PI (Physik Instrumente) has introduced a 
new servo-ampli f ier mot ion interface for use 
with control lers f rom National Instruments. 
Typica l appl icat ions include nanoposit ioning, 
micromanipulat ion and semiconductor test 
equ ipment . For more details, contact Stefan 
V o m d r a n o n : +1 508 832 3456, or see: 
www.nanopos i t i oners .com. 

« E a s y c l o s e » A l l - m e t a l A n g l e V a l v e s 

Series 54 for UHV applications 

N o t o r q u e w r e n c h 
n e e d e d 

L o w price 

• 300°C bakeable 

• High conductance 

Maintenance-free 

Swiss Headquarters V A T France V A T Germany 
Tel ++41 81 771 61 61 Tel 01 69 20 69 11 Tel (089)46 50 15 
Fax ++41 81 771 48 30 Fax 01 69 20 90 08 Fax (089) 46 37 65 
Email reception@vat.ch Email france@vatvalve.c< 

V A T U.K. 
Tel 01926 452 753 
Fax 01926 452 758 
Email uk@vatvalve.con 

V A T Japan 
Tel (045)333 11 44 
Fax (045) 333 70 24 
Email sales@vatskk.co.j 

Email deutschland@vatvalve.ci 

V A T U S A 
Tel (781)935 1446 
Fax (781)935 3940 
Email usa@vatvalve.com http:/ /www.vatvalve.com 
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ECOLE POLYTECHNIQUE 
FÉDÉRALE DE LAUSANNE 

C h a i r o f t h e E n e r g y C e n t e r 

at the Swiss Federal Institute of Technology Lausanne (EPFL) 

T h e E P F L is a l e a d i n g u n i v e r s i t y , w i t h s t r o n g e m p h a s i s o n 

b a s i c , e n g i n e e r i n g a n d l i fe s c i e n c e s . In o r d e r t o d e v e l o p o u r 

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

p l a n t o c r e a t e a n e w t r a n s d i s c i p l i n a r y " E n e r g y C e n t e r " a s a 

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

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

T o s e t u p , e s t a b l i s h a n d l e a d t h e c e n t e r , E P F L i n v i t e s 

a p p l i c a t i o n s f o r t h e p o s i t i o n o f « C h a i r o f t h e E n e r g y C e n t e r ». 

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

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

d e v e l o p m e n t s in t h e f i e l d . 

T h e a p p o i n t m e n t is p l a n n e d a t t h e Fu l l P r o f e s s o r r a n k . T h e 

p e r s o n a l s c i e n t i f i c a r e a s o f i n t e r e s t a r e v e r y f l e x i b l e b u t a 

s t r o n g e x p e r t i s e in r e n e w a b l e e n e r g i e s w o u l d b e a n 

a d d i t i o n a l a s s e t . 

W e o f f e r a d y n a m i c a n d e n t r e p r e n e u r i a l a c a d e m i c 

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

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

A p p l i c a t i o n s i n c l u d i n g C V , p u b l i c a t i o n l ist , a d d r e s s e s f o r 

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

poss ib l e , bu t no t la ter t h a n April 1, 2004 to : 

Professor Marcel Jufer 
Vice-President for Education 
EPFL 
CH-1015 Lausanne 
Switzerland 
(vp.formation@epfl.ch) 
F o r a d d i t i o n a l i n f o r m a t i o n o n t h e E P F L , p l e a s e c o n s u l t : 

http:/ /www.epfl .ch 

T h e E P F L is a n e q u a l o p p o r t u n i t y e m p l o y e r . 

U n i v e r s i t â t K a r l s r u h e ( T H ) 

Am Institut fur Theoret ische Tei lchenphysik der Fakultat fur Physik der 
Universitât Karlsruhe (TH) ist eine 

Professur (C3) 
fur Theoretische Teilchenphysik 

baldmôglichst zu besetzen. 
Aufgabe der Professur ist die Vertretung des Fachgebiets Theoretische Physik in 
Forschung und Lehre. Das Forschungsgebiet soli im Bereich der Theoretischen 
Elementarteilchenphysik liegen mit môglichen Schwerpunkten in der Flavorphysik 
(Quarks und Leptonen) oder der Physik jenseits des Standardmodells. Die Mitarbeit 
im Exzellenzzentrum "Teilchenphysik und Astroteilchenphysik", im Sonderfor-
schungsbereich/Transregio "Computational Particle Physics" sowte im Gradu-
iertenkolleg "Hochenergiephysik und Teilchenastrophysik" ist erwunscht. 

Habilitation oder gleichwertige Qualifikation wird vorausgesetzt. 
Die Universitât Karlsruhe ist bestrebt, den Anteil an Professorinnen zu erhôhen, 
und begruftt deshalb die Bewerbung entsprechend qualifizierter Frauen. 
Schwerbehinderte Bewerber/Bewerberinnen werden bei gleicher Eignung bevorzugt 
berucksichtigt. 

Das Land Baden-Wurttemberg beabsichtigt, das Professorenbesoldungsre-
formgesetz des Bundes zum 01.01.2005 in Landesrecht umzusetzen. Bei einer 
Ernennung ab diesem Zeitpunkt wird die W-Besoldung angewandt. tm Falle einer 
erstmaligen Berufung in ein Professorenamt wird das Dienstverhaltnis zunàchst 
grundsàtzlich befristet; Ausnahmen von der Befristung sind môglich. 

Bewerbungen mit den ublichen Unterlagen, einer Darstellung der bisherigen For-
schungs- und Lehrtatigkeit sowie fùnf ausgewâhlten Sonderdrucken eigener 
Publikationen sind bis zum 

8. April 2004 
an den Dekan der Fakultât fur Physik, Universitât Karlsruhe (TH), 76128 Karlsruhe 
zu richten. 

E l e c t r o n i c s R e s e a r c h 
E n g i n e e r 

TRIUMF, Canada's National Laboratory for Particle and Nuclear Physics, 
has an immediate opening for a Research Engineer or Scientist to lead electronics 
efforts associated with its new Laboratory for Advanced Detector Development (LADD). 
The initial focus will be on front end signal processing electronics for detector systems 
associated with current TRIUMF-LADD physics projects involving tracking chambers 
and photo-sensors. In the longer term, the engineer/scientist will be expected to 
participate in, and possibly initiate, development of electronics associated with new 
detector research areas. 

The successful candidate will provide leadership in the specification, design, and 
implementation of experimental physics equipment and will lead a team of electronics 
engineers and technologists. The position requires extensive knowledge of analog and 
digital circuitry and of the physics of materials and semiconductor devices. As group and 
project leader, he/she will be responsible for specification and maintenance of test 
equipment, and design and preparation of circuits and associated mechanical 
assemblies. The incumbent may be eligible to apply for NSERC peer-reviewed funding. 

Minimum qualifications include the equivalent of a B.Sc. in electrical engineering or 
engineering physics and at least four years practical experience including a record of 
completing significant projects. Additional academic qualifications such as M.Sc. or 
Ph.D. degrees are desirable. The position is located at TRIUMF, in Vancouver, British 
Columbia, and the initial appointment is for a two-year renewable term leading to a 
continuing appointment after five years. 

Applications should include a detailed CV and at least three reference letters sent 
separately to the following address, or by fax, prior to April 15th, 2004. TRIUMF Human 
Resources, Competition No. 925, 4004 Wesbrook Mall, Vancouver, B.C. V6T 2A3 
Canada. Fax: (604) 222-1074. Electronic applications will not be accepted. In the event 
where two final applicants are equally qualified, preference will be given to a Canadian 
citizen or permanent resident. EOE 
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F o r s c h u n g s z e n t r u m K a r l s r u h e 

in der He lmho l t z -Geme inscha f t 

W e are one of the biggest sc ience and engineering research institutions of 
the Hermann von Helmholtz Associat ion of National Research Centers. For 
us, research and development are an investment in trend-sett ing, humane, 
and environmental ly sustainable technologies. 

For the position of 

S c i e n t i s t 

at our Institute for S y n c h r o t r o n R a d i a t i o n ( ISS), w e offer an employment 
contract of unlimited duration f rom 01 May 2004. 

Your scope of tasks will compr ise the optimization, further development, 
and operation of the 500 M H z H F facility of the 2.5 G e V accelerator of 
our A N K A synchrotron radiation source. Furthermore, you will take part in 
national and international R&D projects. A part-t ime working scheme may 
be arranged. 

Appl icants should have a university degree in physics or electrical 
engineering, including doctorate, as well as several years of professional 
exper ience in the fields of h igh- f requency technology and machine 
physics. You should be familiar with the operat ion of accelerators and the 
support of H F components and exper ienced in interdisciplinary R&D 
project management. Knowledge of the Engl ish language that is suited for 
publication is required. 

W e offer a challenging scientific task that is associated with a high degree 
of independence, a variety of training opportunit ies, and the use of latest 
technical equipment. 

In line with our policy of equal opportunit ies in the scientif ic-technical 
sector, applications from qualified w o m e n are particularly encouraged. 

For technical information, please contact Dr. M. Hagelstein, ISS, phone 
+49 7247 82-6186. 

Appl icat ions should be submitted online via our homepage under jobs/ 
training or by ordinary mail to Ms. Hase, H P S , at the address given below, 
making explicit reference to the vacancy No. 20/2004: 

F o r s c h u n g s z e n t r u m Kar ls ruhe G m b H 
in der H e l m h o l t z - G e m e i n s c h a f t 
Hauptabte i lung P e r s o n a l und S o z i a l e s (HPS) 

^la?shf4? r. I I n t e r n e t : w w w . f z k . d e 
7 6 0 2 1 Kar ls ruhe , G e r m a n y J 

R e s e a r c h Sc ient is t 
TRIUMF, Canada's national research laboratory for particle and nuclear 
physics, invites applications for a "tenure-track" Research Scientist who 
will lead the T R I U M F - A T L A S analysis group, and establish a new 

large-scale computing center at TRIUMF. T h e data center will coordinate A T L A S data 
analysis in Canada and be the Canadian node on the L H C Computing Grid (LCG) . 
T h e successful candidate will, in addition to leading this effort, collaborate with 
ATLAS-Canada in setting up the framework for the calibration and analysis of the 
calorimeter's data. This position is grant-eligible and the successful candidate will be 
expected to establish his/her own research program within the A T L A S collaboration. 
T R I U M F has been involved in most aspects of Canada's contribution to A T L A S and 
the L H C . T h e detector contributions are centered on the liquid Argon hadronic 
calorimetry. T h e project is now progressing to the stage where preparations are taking 
place to handle the large amount of data that will be produced at the LHC. 

Qualifications for this position are a PhD or equivalent in Particle or Nuclear Physics 
and at least 2 years of post-graduate experience with an extensive data analysis 
and Monte Carlo simulation component. Strong analytical skills as well as good 

communication and organizational skills are required. A broad knowledge of 
computing techniques, data handling, and system operation/ management will be 
expected. Evidence of leadership in driving projects from inception to completion is 
also required. 

T h e appointment will be made initially at a level equivalent to assistant professor at 
Canadian Universities, but may be elevated to a higher level if appropriate. Salary will 
be commensurate with experience. 

T R I U M F invites qualified applicants to submit a detailed CV, and three reference 
letters sent separately to the following address or fax: TRIUMF, Human Resource 
Dept. Competit ion No. 927 , 4004 Wesbrook Mall, Vancouver, B C , V6T 2 A 3 . Fax 
(604) 2 2 2 - 1 0 7 4 . Electronic applications will not be accepted. Closing date is April 
30th, 2004. Please note that in the event where two final applicants are equally 
qualified, preference will be given to the Canadian citizen or permanent resident. E O E 

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

r e s e a r c h f o r t h e f u t u r e 

Physicist 
D e t e c t o r D e v e l o p m e n t S w i s s L i g h t S o u r c e 

Your Tasks 

The detector group develops high-speed and large-area solid state detector 
systems, which are used at the beamlines of the Swiss Light Source. As a member 
of the SLS detector group you will work on our innovative hardware and software 
solutions for the use of the detectors at the beamlines. You will actively partici
pate in X-ray scattering experiments using these detectors, in which the structure 
and dynamics of condensed matter is investigated. 

Your Profile 

You have completed a Ph.D. in physics and are interested in the field of solid 
state detector development. You have knowledge about solid state detectors as 
well as experience in synchrotron radiation instrumentation would be appreciated. 
You have programming experience in C and other high-level languages under 
Linux. You will work as a team player in a stimulating international environment, 
giving you excellent opportunities for new initiatives and independent research. 

Please contact Dr. Ch. Brônnimann, tel.: +41 56 310 37 64, 

e-mail: christian.broennimann@psi.ch, for further informations. 

We look forward to your application: PAUL SCHERRER INSTITUT, Human Resources, 
Mr Thomas Erb, ref. code 6118, CH-5232 Villigen PSI, Switzerland 

Peoples Fellows Program 
The Peoples Fellowship Program at Fermilab supports accelerator 
scientists and high energy physicists early in their careers by 
providing unique opportunities for self-directed research in 
accelerator physics and technology. The Fermilab accelerator 
complex provides beams for collider physics at the energy frontier, 
and high intensity beams for neutrino physics and other fixed target 
programs. Current areas of accelerator research include stochastic 
and electron cooling, muon cooling, superconducting magnet R&D, 
superconducting RF R&D, linear colliders, large hadron colliders, 
advanced acceleration methods, accelerator controls and feedback, 
and computational physics and modeling. 

The fellowships are awarded on a competitive basis to Ph.D. 
physicists of exceptional talent as evidenced by their graduate or 
postdoctoral work. Peoples Fellowships are open to accelerator 
scientists within three years of receiving their Ph.D. and to high 
energy physics post-docs within 5 years of their Ph.D. Fellows will 
work at Fermilab in areas of accelerator physics or technology of 
their choice. Peoples Fellowships are tenure track positions with an 
initial term appointment of three years. 

Applicants should submit a statement describing a proposed research 
program, a curriculum vitae, and the names of at least four 
references no later than April 30, 2004. Applications, either in paper 
or electronic form, and requests for information should be sent to: 

James Strait, Chair, Peoples Fellows Committee 
Fermi National Accelerator Laboratory, MS 343 

P.O. Box 500, Batavia, IL 60510-0500 
e-mail: strait@fnal.gov 

http://www.fnal.gov/pub/forphysicists/fellowships/peoples.html 

Fermilab 
A U.S . DEPARTMENT OF ENERGY LABORATORY, FERMILAB IS AN EQUAL OPPORTUNITY EMPLOYER. M / F / D A ' 
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UNIVERSITY OF 

? FLORIDA 
Postdoctoral or Senior Research Associate 
High Energy Experimental Physics 

T h e I n s t i t u t e o f H i g h E n e r g y P h y s i c s a n d A s t r o p h y s i c s at t h e U n i v e r s i t y o f 
F l o r i d a i n v i t e s app l i can t s f o r a P o s t d o c t o r a l R e s e a r c h A s s o c i a t e o r S e n i o r 
R e s e a r c h A s s o c i a t e p o s i t i o n to w o r k o n t h e C M S E x p e r i m e n t at t h e L a r g e 
H a d r o n C o l l i d e r , C E R N . T h e U n i v e r s i t y o f F l o r i d a is o n e o f t h e l e a d i n g 
u n i v e r s i t y g r o u p s i n the CMS e x p e r i m e n t , c o n t r i b u t i n g s t r ong l y to the phys ics 
p r o g r a m , d e v e l o p m e n t o f t h e de tec to r , t r i gger , s o f t w a r e a n d c o m p u t i n g . 

T h e success fu l cand ida te w i l l be e x p e c t e d to f o c u s o n t h e d e v e l o p m e n t o f 
t h e C M S p h y s i c s p r o g r a m a n d c o n t r i b u t e to t h e C M S o f f l i n e a n d p o s s i b l y 
on l i ne so f tware . G o o d data analysis skills i n the c o n t e x t o f h i g h e n e r g y phys ics 
e x p e r i m e n t s a re essen t ia l . B r o a d e r e x p e r i e n c e w i t h h i g h e n e r g y p h y s i c s 
de tec to r s a n d e l ec t r on i cs is a p lus . P h . D . d e g r e e i n p h y s i c s is r e q u i r e d . 

T h e in i t ia l t e r m o f th is p o s i t i o n is t w o yea rs w i t h the poss ib i l i t y o f e x t e n s i o n , 
sub jec t to t h e ava i lab i l i t y o f f u n d s . L o n g e r in i t ia l a p p o i n t m e n t s f o r h i g h l y 
qua l i f i ed cand ida tes are poss ib le . 

Salary w i l l b e c o m m e n s u r a t e w i t h e x p e r i e n c e . 

R e s u m e a n d t h r e e le t ters o f r e c o m m e n d a t i o n are to be sent to 

t h e S e a r c h C o m m i t t e e c / o D e e D e e C a r v e r , 

P h y s i c s D e p a r t m e n t , U n i v e r s i t y o f F l o r i d a , P . O . B o x 118440, 
G a i n e s v i l l e F L 32611 
( d c a r v e r @ p h y s . u f l . e d u ) . 

I n o r d e r t o e n s u r e f u l l c o n s i d e r a t i o n , a p p l i c a t i o n s s h o u l d b e r e c e i v e d b y 
M a y 7,2004. T h e p o s i t i o n w i l l r e m a i n o p e n u n t i l f i l led . 

TheUniversityoj'Florida isan EqualOpportunity, Affirmative Action Institution. 

Deputy Group Leader for Subatomic Physics 

The Experimental Physics Division of the University of California's Los Alamos National Laboratory is seeking 
a Deputy Group Leader for its Subatomic Physics Group, with strong programs in neutrino, heavy ion, and 
neutron physics. Additionally, there are exciting programs in radiography as applied to national security and 
homeland defense. New efforts are being developed in photon and neutron imaging for homeland defense. 
The successful applicant will be expected to spend roughly half time co-leading the group and half time 
conducting forefront research. 

For complete description and application information, please visit 
http://www.hr.lanl.gov/jps/regjobsearch.stm search for Job# 206708. 
List CERN as the referral source when applying. 

Operated by the University of California for the National Nuclear Security 
Administration of the Department of Energy. The Laboratory is an Equal 
Opportunity/Affirmative Action Employer. 

, 

• L o s A l a m o s 
NATIONAL LABORATORY 

www.lanl.gov/jobs 

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

O x f o r d 

Mathematical and Physical Sc iences Division 

Department of Phys ics 

in associat ion with Balliol Col lege 

U n i v e r s i t y L e c t u r e r i n T h e o r e t i c a l P h y s i c s 

T h e Department of Phys ics proposes to appoint a Universi ty Lecturer in Theoret ical 
Phys ics with research interests in the area of elementary particle theory, with effect f rom 
1st Oc tober 2004 or as soon as possible thereafter. T h e successful candidate will be 
offered a Tutorial Fel lowship by Balliol Col lege, under arrangements descr ibed in the 
further particulars. T h e combined Universi ty and Col lege salary will be according to age on 
a scale up to £42,900 p.a. (pay award pending). 

T h e research interests of candidates should over lap those of the Particle T h e o r y Group , 
with some preference for the general area of string theory or non-perturbat ive quantum 
field theory. T h e successfu l candidate will be expec ted to participate actively in 
undergraduate and graduate teaching, research and relevant administration. 
F u r t h e r pa r t i cu la r s o f t he p o s t a r e ava i lab le f r o m P r o f e s s o r D S h e r r i n g t o n , 
T h e o r e t i c a l P h y s i c s , 1 K e b l e R o a d , O x f o r d O X 1 3NP, E n g l a n d , e - m a i l : 
d . s h e r r i n g t o n 1 @ p h y s i c s . o x . a c . u k App l i can t s s h o u l d submi t n ine cop ies (one in the 
c a s e of app l i can ts b a s e d o v e r s e a s ) of a let ter of appl icat ion s u p p o r t e d b y a 
c u r r i c u l u m v i tae and s ta temen t of r e s e a r c h in te res ts , t o g e t h e r w i t h the n a m e s 
of th ree re fe rees (not m o r e t han t w o f r o m the s a m e inst i tut ion). App l i ca t ions s h o u l d 
be sen t to P r o f e s s o r S h e r r i n g t o n at the a b o v e a d d r e s s to a r r i ve no later t han 2nd Apr i l 
2004. R e f e r e e s s h o u l d be a s k e d to s e n d the i r r e f e r e n c e s (by pos t o r e-mai l ) d i rec t ly 
to P r o f e s s o r S h e r r i n g t o n by 2nd Apr i l 2004. 

T h e Un i ve r s i t y is an Equa l Oppo r tun i t i e s Emp loye r . 

PhysicsJ o bs@physicsweb.org 

Gravitational 

Observatory 

The European Gravitational Observatory, a French-Italian consortium 

dedicated to the research on gravitational waves, operates the 3 km-long 

VIRGO detector, located in Pisa-Italy. EGO is recruiting: 

Electro-optical Engineer /Phys ic is t Réf. O P / E O / 0 2 
Interferometer Operator Réf. O P / O P / 0 1 

EGO also offers Post-doctoral Research Fellowships 

Priorities will be given to EC nationals 

Job descriptions are available on: www.ego-gw. i t /employment .h tm 

CERN COURIER RECRUITMENT BOOKING DEADLINE 

April issue: 5 March 

Publication date: 17 March 

Contact Reena Gupta 

Tel : +44 (0)117 9301028 Fax: +44 (0)117 9301178 

E-mail: reena.gupta@iop.org 

cerncourier.com 
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O R G A N I S A T I O N E U R O P É E N N E P O U R L A R E C H E R C H E N U C L É A I R E 

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

L a b o r a t o i r e E u r o p é e n p o u r la P h y s i q u e d e s P a r t i c u l e s 
E u r o p e a n L a b o r a t o r y f o r P a r t i c l e P h y s i c s 

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

PHYSICIST 
in e x p e r i m e n t a l p a r t i c l e p h y s i c s r e s e a r c h . 

Candidates are expected to have.a PhD in particle physics and an excellent record of successful work with typically 
5-10 years of post-doctoral experience in this field. Further requirements include: a high capacity for innovation and 
leadership; competence in detection techniques and in the use of on-line and off-line software; potential for making 
a s igni f icant m e d i u m to long-term contr ibut ion to the scient i f ic p r o g r a m m e of the Organ iza t ion . Ve ry good 
communicat ion skills and an aptitude for team work. 

T h e position is of a long-term nature and offers a competitive remunerat ion package and excellent career prospects. 

T h e selected candidate will take a leading role in all aspects of particle physics experiments, involving the conception 
and design of exper iments, the development and operation of detectors and the analysis of data. H e / s h e will also 
coordinate or make important contributions to studies, projects or committee work and represent the Organization at 
conferences, workshops, or in other research laboratories and institutions. 

Interested candidates are asked to submit an application form (including the names of two referees), along with a 
letter of motivation, curriculum vitae and a list of their ten most significant publications using the CERN e-recruitment 
system (ht tp: / /er t .cern.ch) by 10 May 2004. This position is published under reference PH-DI-2004-17-FT. 

Preference will be given to nationals of CERN Member States* . 

CERN is an equal opportunity employer and encourages both men and women with the relevant qualifications to apply. 

* AT, BE, BG, C H , CZ, DE, DK, ES, FI, FR, GR, HU, IT, NL, NO, PL, PT, SE, SK, UK 

R e s e a r c h Scient is t 
TRIUMF, Canada's National Laboratory for Particle and Nuclear Physics, 
has an immediate opening for a Research Scientist to lead physics efforts 
associated with its new Laboratory for Advanced Detector Development 

(LADD). The initial focus will be on detector systems associated with current TRIUMF-
LADD physics projects including KOPIO, liquid xenon TPC imaging, JPARC neutrino 
experiments, and ISAC. The scientist will be expected to participate in and initiate new 
detector-related and physics research areas. 
A recent Ph.D. in experimental particle or nuclear physics with strong abilities in detector 
technologies, electronics, simulation, and data analysis is required. In particular, the 
candidate will have a significant record related to detector hardware and software 
development and will have demonstrated the ability to carry out projects to the stage of 
publication of physics results. The initial appointment will be for a two-year renewable 
term, leading to a continuing appointment (tenure track) after five years. The successful 
candidate will be eligible to apply for NSERC peer-reviewed funding and will be 
encouraged to develop his/her own proposals. 
The position will be based at TRIUMF, located in Vancouver, British Columbia. 
Applications from qualified candidates should include a detailed CV and at least three 
reference letters sent separately to the following address, or fax, prior to April 15, 2004. 
TRIUMF Human Resources, Competition No. 926,4004 Wesbrook Mall, Vancouver, 
B.C. V6T 2A3 Canada. Fax: (604) 222-1074. Electronic applications will not be accepted. 
In the event where two final applicants are equally qualified, preference will be given to 
a Canadian Citizen or permanent resident. EOE 

D u b l i n I n s t i t u t e f o r A d v a n c e d S t u d i e s 

S c h r ô d i n g e r F e l l o w s h i p s -

S c h o o l o f T h e o r e t i c a l P h y s i c s 

T h e D u b l i n Ins t i tu te for A d v a n c e d Stud ies is l a u n c h i n g a n e w Sen ior F e l l o w s h i p scheme. 
I n the Schoo l of T h e o r e t i c a l P h y s i c s u p to t w o f e l l o w s h i p pos i t i ons w i l l be ava i lab le th is 
yea r , to be cal led S c h r ô d i n g e r F e l l o w s h i p s . T h e s e are e x c l u s i v e l y research pos i t i ons o n a 

f i x e d - t e r m cont ract of u p to 5 y e a r s . C a n d i d a t e s w i t h a p r o v e n research r e c o r d i n the 
areas of Q u a n t u m F i e l d T h e o r y , C o n f o r m a i F i e l d T h e o r y , S t r i ng T h e o r y o r 

Statist ical M e c h a n i c s are e n c o u r a g e d to app ly . 

F u r t h e r detai ls about these pos i t i ons are ava i lab le o n the webs i t e w w w . s t p . d i a s . i e o r 
f r o m the f o l l o w i n g : T o n y C . D o r l a s , D e n j o e O ' C o n n o r o r W e r n e r N a h m 
S c h o o l o f T h e o r e t i c a l P h y s i c s , D u b l i n I n s t i t u t e f o r A d v a n c e d S t u d i e s , 

10 B u r l i n g t o n R o a d , D u b l i n 4, I r e l a n d , te l . +353-1-614 0100 

I f P A U L S C H E R R E R I N S T I T U T 

r e s e a r c h f o r t h e f u t u r e 

The Paul Scherrer Institut is a multi-disciplinary institute for research in the natural and engineering 
sciences with emphasis in the areas of condensed matter physics, material science, elementary par
ticle physics, astrophysics and life sciences as well qs in energy and the environment. 

PSI is operating since 1997 a novel proton therapy facility for cancer treatments, using a dynamic 
beam delivery technique applied on a very compact proton gantry. The positive experience with the 
present system at PSI is now bringing a further expansion of the facility, with the installation of a 
dedicated medical accelerator and of a second-generation proton gantry, which shall be operated 
with new advanced beam delivery techniques. We are looking for an 

E x p e r i m e n t a l p h y s i c i s t o r s o f t w a r e e n g i n e e r 

Your Tasks 

• development of the real-time data acquisition and control system frontend software for the 
dynamic control of the scanned proton beam to be used for patient treatments on the new 
gantry. 

• participation to the experimental activities in the context of the realization of the new gantry 

Your Profile 

• University degree in physics or informatics, preferably with a Ph.D. 
• Practical experience in working with particle beams, in an accelerator environment. 
• Experience in software development, preferably using VxWorks, for distributed realtime 

systems. 
• Required are a good team spirit and a good knowledge in English and German. 
For further information, Dr. E. Pedroni is at your disposition. Tel. +41 (0)56 310 35 18. 
We are looking forward to your application: PAUL SCHERRER INSTITUT, Human Resources, 
Ms Esther Sporri, ref.code 2104, 5232 Villigen PSI, Switzerland. E-mail: esther.spoerri@psi.ch 

More Information about PSI and the proton therapy program can be found at www.psi.ch 
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Look ing for a n e w cha l l enge for 2004? 

Posi t ions for PhD and Postdoctora l Researchers 
and Fe l lows in the 

Nether lands Insti tute for Meta ls R e s e a r c h (N IMR) 

We are looking for highly motivated international scientists 
with at least a Masters degree in Metallurgy, Materials 
Science or Mechanical Engineering. As an employee of the 
NIMR, you will be expected to achieve at the highest level. 
You will have frequent contact with companies (SKF, Corus, 
Stork Fokker, Polynorm, DAF and Philips amongst others), 
addressing highly relevant industrial problems. You will be 
based in one of four Universit ies (Delft, E indhoven, 
Groningen or Twente) in the Netherlands. 

Salaries range from €2050 to €2390 (gross per month) for 
PhD Researchers and start f rom € 2 5 5 0 for Postdoctoral 
Researchers (varies according to results and experience). 
We offer all employees a performance-related bonus 
scheme, 8% on top of the annual salary, a savings plan and 
several courses amongst other benefits. 

The official language of the NIMR is English and around half 
of our 90 reseachers are from outside the Netherlands. 
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T h e Millennium Problems by Keith Devl in , 

Granta Books. Hardback ISBN 1862076863 , 

£20.00 ($29 .95) . 

On 24 May 2000 in a lecture hall at the 

College de France in Paris, Michael At iyah from 

the UK and John Tate from the US announced 

that a $1 million prize would be granted to 

those who first solved one of the seven most 

difficult open problems in mathemat ics. These 

are known as the "Mil lennium Problems", and 

the whole idea was an initiative of the Clay 

Mathematical Institute (CMI) , which was estab

lished one year earlier by magnate Landon 

Clay. The list of problems was selected by a 

commit tee of top mathematic ians, including — 

along with Atiyah and Tate - Arthur Jaffe, the 

current director of the CMI, Alain Connes, 

Andrew Wiles and Edward Wit ten, the only 

physicist, who is also a Fields medallist. 

One-hundred years before, also in Paris, 

David Hilbert had given the famous address 

laying out an agenda for the mathemat ics of 

the 20th century. He proposed a total of 23 

problems; a few turned out to be s impler than 

ant ic ipated, or were too imprecise to admit a 

definite answer, but most were genu ine, 

difficult and important problems that brought 

instant fame and glory (if not necessar i ly 

weal th) to those w h o so lved t hem. 

S o m e of the dif ferences between the two 

sets of problems should be ment ioned. Whi le 

Hilbert 's set provided a guidel ine for mathe

matics research, the Mil lennium Problems 

provide a descript ion of the current frontier of 

knowledge in the subject. The other important 

dif ference is that among the CMI set, two are 

inspired by deep physics problems: fluid 

dynamics and the structure of gauge theor ies. 

In this book, Keith Devl in, a well known 

mathemat ic ian who writes excellent books and 

articles for a lay audience, takes up the daunt

ing task of explaining these problems as best 

as can be done to an audience assumed to 

have no mathematical sophist ication beyond 

the high-school curriculum - and all this in 

only about 200 pages! Al though such an 

ambit ious aim is nigh on surreal , the results 

are quite satisfactory. The book is able to 

communicate to a large extent the depth and 

importance of the problems, and to give a 

gl impse of the deep elation whoever solves 

them will feel. For anyone involved in research, 

the $1 million prize is a lmost beside the point. 

The author chooses to present the problems 

from the "simplest" to the most arcane. T h e 

first is the Riemann hypothesis. Deeply related 

¥ The 
M i l l e n n i u m 

P r o b l e m s 
T H E S E V E N G R E A T E S T U N S O L V E D 

M A T H E M A T I C A L P U Z Z L E S OF O U R T IME 

to the distribution of prime numbers, this is the 

only one of the problems proposed by Hilbert 

that has not been sett led. Technical ly, one 

needs to find the location of the zeros of a 

certain function (R iemann 's zeta funct ion). If 

proven true, there are literally hundreds of 

important results in number theory that would 

fol low, and it is quite likely that a poll among 

mathemat ic ians would identify this as the 

most important open problem in mathemat ics. 

The second problem has a physics f lavour 

to it. All the basic interactions in the Standard 

Model of particle physics are gauge interac

t ions. If we consider the idealized situation of 

a pure gauge theory, we would like to have a 

mathemat ical ly sound proof that the quantum 

theory exhibits conf inement, and that the 

mass of the first excited state is definitely 

posit ive ( there is a mass gap) . Most physicists 

would agree with these propert ies, however , a 

real proof may provide completely new 

methods in quantum field theory that may 

bring a revolut ion similar to the invention of 

calculus by Leibnitz and Newton . 

T h e third problem is related to computa

t ional complexi ty where one can ask, among 

those funct ions or proposit ions that can be 

compu ted , which are "easy " and which are 

"ha rd " . Problems that can be solved in poly

nomial t ime with respect to the length of the 

input (in bits) are assigned to complexi ty 

class P, whi le the class NP contains problems 

that are considered hard because, so far, any 

algorithm used to solve them requires 

exponent ia l t ime. Among the latter, one of the 

most famous is the travel l ing-salesman 

prob lem. Nobody knows whether the 

c lasses P and NP are equivalent. This is a 

central prob lem in computat ional theory and 

its resolut ion may have far-reaching 

technological consequences . 

T h e fourth problem again has a physics 

f lavour, and is related to the Nav ie r -S tokes 

equat ion descr ib ing the fluid flow of an 

incompressib le fluid with viscosity. It is 

difficult to exaggerate the importance of this 

equat ion in the design of aeroplanes and 

ships. A l though there are plenty of approx ima

tion and numer ical methods, as in the case of 

gauge theor ies, w e are still lacking a deep 

mathemat ica l methodo logy that will allow us 

to unders tand in detail the space of solut ions 

for given initial data. T o appreciate the diffi

culty of the prob lem, a solution wou ld imply a 

detai led understanding of the phenomenon of 

turbulence - no smal l accompl ishment . 

T h e fifth problem is at the root of modern 

topology: the Poincaré conjecture. Roughly 

speaking, topology is the study of spaces that 

are stable under arbitrary cont inuous 

deformat ions. T h u s a tetrahedron or cube can 

be cont inuously deformed to a sphere, whi le it 

is impossible to do the same with the surface 

of a doughnut . It is a very interesting and 

legit imate quest ion to ask for the complete 

set of topological invariants in a given 

d imens ion . In the case of a two-dimensional 

sphere it is clear that we cannot lasso it. Th is 

property is known as s imple-connectedness 

and it character izes the sphere topological ly. 

Poincaré asked whether a similar property 

wou ld complete ly character ize a three-

d imensional sphere . During the 20th century 

we have ach ieved a topological classif ication 

for spaces whose d imension is different f rom 

three, cur iously the d imension where 

Poincaré 's conjecture was formulated. 

Progress in the past two decades seems to 

indicate that it may be sett led in the posit ive 

in a few years t ime. 

T h e last two problems are truly arcane. T h e y 

go under the names of the Birch and 

Swinner ton-Dyer , and the Hodge conjectures. 

T o exhibit the difficulty in explaining the first, it 

should be noted that definite support for it 

came f rom the settl ing of Fermat 's last theo

rem by Wi les and the subsequent progress in 

the so-cal led T a n i y a m a - S h i m u r a conjectures. 

The problem is deeply rooted in the study of 

rational solut ions to special types of equa

t ions (elliptic cu rves ) , which in turn are 

conta ined in the apparent ly unfathomable 0 
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world of Diophant ine equat ions. T h e Hodge 
conjecture is, according to Devl in, the one 
most difficult to formulate for a lay aud ience. 
Its resolution would provide deep insights into 
analysis, topology and geometry , but its mere 
formulat ion requires advanced knowledge in 
all three subjects. 

Devl in comes out with flying colours in his 
effort to make these fascinat ing prob lems 
accessib le to a wide aud ience. It is inevitable 
that there are some dark corners and a few 
inaccuracies in such a chal lenging task. 
However , for anyone interested in the frontiers 
of mathemat ics and scientif ic knowledge, this 
book provides enthrall ing reading. 
Luis Alvarez-Gaume, CERN. 

Measurement and Control of Charged 
Particle Beams by M G Minty and 
F Z i m m e r m a n n , Springer. Hardback ISBN 
3540441875 , €74.85 (£54.00, $79.95) . 

Th is is a special ist book written primarily for 
the high-energy part icle-accelerator 
communi ty , in which Minty and Z i m m e r m a n n 
present a contemporary v iew of charged-
particle beam measurement and control in 
high-energy physics ( H E P ) mach ines . With an 
eye on the next generat ion of such mach ines , 
the authors cover, in some detai l , the pioneer
ing work being carried out around the wor ld 
on e lec t ron-pos i t ron linear coll iders. 

The subject matter and references are 
laudably taken from wor ldwide resources. The 
references are given in abundance and the 
authors have provided an admirable service 
by trawling through the ever-more vo luminous 
proceedings of conferences and schoo ls to 
list the key papers. There are 172 f igures, 
wh ich are frequent ly of " l ive" examples taken 
f rom the wor ld 's foremost HEP laboratories, 
and the authors have also taken care to 
expand the theory in the more advanced or 
less well known areas. Each chapter is 
backed up by exercises with solut ions that 
provide the authors with a useful vehic le for 
more theoretical explanat ions and alternative 
v iews that could not be convenient ly 
integrated into the text. Newcomers to HEP 
mach ines , however , should heed the warn ing 
on page 5 that the reader is expected to know 
basic optics and , one might add , advanced 
appl ied mathemat ics as wel l . 

The experienced reader can omit the intro
ductory chapter 1, while newcomers would be 
better served by building their knowledge 
through the more basic references given by the 

authors. Thereafter, the book reads smoothly, 
starting with single-particle optics and moving 
progressively through emittance, photo-
injectors, coll imation, longitudinal optics, 
longitudinal manipulat ion, injection and extrac
t ion, polarization and cooling. In general , the 
authors start by reviewing how to measure the 
parameters in a particular category and then 
continue with how to control those parameters. 

Chapter 2 starts with the measurement of 
t ransverse optical parameters. Many of the 
techn iques descr ibed are relatively recent and 
depend on the t remendous advances that 
have been made in digital electronics and 
onl ine comput ing power. The use of 
"mul t iknobs" is descr ibed. This concept has 
existed for many decades in the form of tune 
and chromatic i ty control using two indepen
dent corrector famil ies, but it can be greatly 
extended using matrix techniques for quasi-
l inear sys tems and powerful matching 
routines for the more non-linear cases. 

Chapter 3 addresses the important subject 
of closed-orbit correct ion, where the reader 
will be brought up to date with jargon such as 
"corrector ironing" (page 87) . This chapter 
also includes newer topics such as wake-f ield 
bumps , dispersion-free steering, orbit 
feedback and dynamic orbits excited by an 
alternating-current dipole. Chapter 4 deals 
with the difficult task of emit tance measure
ment and tackles both the t ransverse and 
longitudinal p lanes, bringing in equil ibr ium 
emit tances and the control of partition 

damping numbers . The next chapter briefly 
breaks the mould of the earlier ones by 
reviewing low-emit tance photoinjectors and 
the product ion of flat beams using a solenoid, 
which together are of great importance 
to linear coll iders. 

Chapter 6 takes up coll imation, but with only 
seven pages the reader sees relatively little of 
this critical subject. Coll imation is important in 
low-energy high-intensity machines, high-
energy superconduct ing machines and in 
e lect ron-posi t ron linear colliders. In each of 
these cases the problems and parameters are 
different. The coll imation proposals for linear 
colliders would havp fitted well into the context 
of this book, as the authors are clearly 
preparing for the next generat ion, while high-
efficiency coll imation for machines like the LHC 
is arguably an even more important topic that 
could have been included. 

The book then returns to the basic mould 
with excellent accounts of the measurement of 
longitudinal optics parameters in chapter 7, 
fol lowed logically by the manipulat ion of the 
longitudinal phase space in chapter 8. One 
small d isappointment is that the tomographic 
measurement of longitudinal phase space, 
al though ment ioned in one of the examples 
and referenced, is not treated in a separate 
sect ion as a diagnostic tool in its own right. 

Chapter 9 could be arguably more suited to 
a book on lattice design and contains some
what surprising excursions into septum and 
kicker magnet design. However, the reader will 
no doubt f ind extraction by resonance islands 
and bent crystals highly interesting. Chapter 
10 on polarization fills a gap in the literature 
and the authors have accordingly paid more 
attention to theory. The practicalities of the 
harmonic correction of depolarizing reso
nances, adiabatic spin flipping, tune jumps 
and Siberian snakes of complete and partial 
types are all addressed. The final chapter 
descr ibes the fascinating topics of stochastic 
cooling, electron cooling, laser cooling, ioniza
tion cooling, crystal beams and beam echoes, 
many of which merit their own monograph. 

In summary , this book is a very we lcome 
and va luable addit ion to the accelerator 
literature. As noted by the authors, there is 
relatively little material in the book 
specif ical ly for low-energy machines, but 
industrial users may still f ind it useful to read 
the book and adapt or deve lop the ideas 
rather than apply them directly. 
Philip Bryant, CERN. 
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Supernovae and Gamma Ray Bursters by 
Kurt Wei ler ( ed ) , Springer. Hardback ISBN 

3540440534 , €89.95 (£69.00, $115.80) . 

The associat ion of gamma-ray bursts 

( G R B s ) with supernova ( S N ) explosions has 

been suspected since the d iscovery of GRBs 

by the Vela satellites in 1967. However , 

observat ional ev idence for a G R B - S N 

associat ion was first found accidental ly after 

the discovery of GRB afterglows 30 years 

later. The prompt search for an optical after

glow of GRB980425 led to the d iscovery, two 

days after the burst, of a relatively nearby 

supernova , SN1998bw, whose sky posit ion 

and est imated explosion t ime were consistent 

with those of GRB980425 . The physical 

associat ion between them suggested that 

GRB980425 was produced by a highly 

relativistic and narrowly col l imated jet v iewed 

off axis and ejected by SN1998bw, which 

appeared to be unusual ly energetic for a 

supernova because it was v iewed near axis. 

These conclusions were not immediate ly 

reached by the majority of the GRB and SN 

communi t ies , who were more accus tomed to 

spherical models of SN explosions and GRB 

"fireballs". So the above ev idence for a 

G R B - S N associat ion was at first d ismissed as 

being either an accidental sky coinc idence 

between a distant GRB and a close S N , or as 

a physical associat ion between a new type of 

faint GRB (see p293 in the book) and a new 

type of S N , much more energetic than 

ordinary supernovae (SNe) and dubbed 

"hype rnovae " (see p p 2 4 3 - 2 8 1 ) . 

These interpretations began to erode, 

however , as observat ional data on optical 

afterglows of other GRBs accumula ted . The 

data indicated that GRBs take place in star 

format ion regions in host galaxies and their 

afterglows. In particular those of the relatively 

close GRBs show ev idence that long duration 

GRBs are produced by jet ted éjecta in SN 

explosions akin to SN1998bw, and not in 

fireballs produced by the merger of neutron 

stars in binary sys tems due to gravitat ional 

w a v e emiss ion. But it was the dramat ic 

spectroscopic d iscovery on 8 April 2003 of 

SN2003dh in the late afterglow of 

GRB030329 (see CERN Courier June 2003 

p5, p l 3 ; September 2003 p l 5 ) that 

conv inced the majority of the GRB and 

SN communi t ies that ordinary, long durat ion 

GRBs are produced in SN explosions 

akin to SN1998bw. 

The book Supernovae and Gamma Ray 

An artist's impression of a gamma-ray burst 

(Illustration by ESA/ECF.) 

Bursters edited by Kurt Weiler, an expert on 

radio SNe , appeared shortly before the 

discovery of GRB030329 and SN2003dh . It 

contains a collection of contributions on SNe 

and GRBs. Many of the contributions are very 

informative, wel lwr i t ten and satisfy the stated 

aim of Springer's Lecture Notes In Physics: 

" intended for broader readership, especial ly 

graduate students and non-specialist 

researchers wishing to familiarize themse lves 

with the topic concerned . " 

The first half of the book is devoted to 

SNe and includes contributions such as 

"Supernova Rates" by Enrico Capelaro and 

"Measur ing Cosmology with Supe rnovae" by 

Saul Perlmutter and Brian Schmidt. T h e 

second half is devoted to GRBs and includes 

contr ibut ions such as "Observat ional 

Propert ies of Cosmic G R B s " by Kevin Hurley, 

"X-ray Observat ions of GRB Afterglows" by 

Filippo Frontera and "Optical Observat ions of 

GRB Af terglows" by Elena Pian. 

However , the book as a whole is 

unba lanced, both in its coverage of SNe and 

GRBs and in its coverage of the possible 

G R B - S N associat ion, which presumably was 

its main a im. The first half covers in great 

detail ( seven out o f t en chapters) the fire

works f rom the interaction of the SN éjecta 

with the SN envi ronment , but lacks a detai led 

discussion of our current knowledge of the 

different S N progenitors, the mechan isms that 

explode them and the compact remnants that 

are left over. It is needless to emphas ize the 

importance and re levance of these subjects to 

the G R B - S N associat ion. T h e second part of 

the book, wh ich is devoted to GRBs and their 

afterglows, focuses mainly (four chapters 

extending over 100 pages) on the 

observat ions of GRB afterglows, with only a 

single chapter (16 pages long) on the prompt 

gamma-ray emiss ion. Our current "theoretical 

understanding" of GRBs is summar ized in a 

single chapter, which is exclusively devoted to 

the presentat ion of the party line - the fireball 

model - as if it were a dogma. It does not 

d iscuss the model 's severe problems, nor 

possible future tests of the model . It does not 

even ment ion alternative models, such as the 

"Cannonbal l Mode l " , which is ab initio based 

on a G R B - S N associat ion, is falsifiable, and 

is much more predict ive and successful than 

the fireball models . 

In summary , the book contains some useful 

summar ies of observat ional data on SNe and 

GRBs , but sheds no light on the production 

mechan ism of SNe and GRBs, nor on the 

G R B - S N associat ion. 

Arnon Dar, Technion - Israel Institute of 

Technology, Haifa. 

Chercheurs entre rêve et réalité 
(Scient ists at the rim of reality) a fi lm by 

S a m y Brunett ( in French or English vers ions) , 

Blue in Green Product ions. DVD or V H S 

PAL €20 .00 . (Avai lab le directly f rom 

samy.brunet t@vi l lage .uunet .be . ) 

Bringing the fundamenta l physics research 

of today , or of the last 3 0 - 4 0 years , within 

the reach of the general public is a very 

difficult task. It is verging on the impossib le, 

to be perfect ly honest , as it requires some 

prior general scientif ic knowledge on the > 
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part of the public and a great c o m m a n d of 

the subject on the part of the au tho r (s ) . 

Hav ing said that, the difficulty of the task 

does not imply that it shou ld not be 

a t tempted , in fact quite the reverse. A n d this 

is wha t S a m y Brunett does in his D V D on 

the theory of everyth ing. 

T h e approach chosen for Brunett 's D V D 

is to use interviews and d iscuss ions with a 

number of young and not-so-young physic ists 

w h o are work ing for or at C E R N , s o m e of 

w h o m are well known and s o m e of w h o m are 

not (in any case, the general publ ic is 

unlikely to tell the d i f ference) . T h e s e 

physic ists are fairly representat ive of their 

profess ion, wh ich is a l ready a point in the 

D V D ' s favour, as they all speak with 

en thus iasm and pass ion . 

T h e interviews are p receded by a number 

of computer -generated images , not all of 

wh ich are entirely appropr iate to the sub ject 

matter, wh ich is, quite s imply , the origins of 

the universe - a different kettle o f f i sh 

al together to the f amous magic pot ion of 

As te r i x the G a u l ! However , hav ing said this, 

once the introduct ion is over w e do go on to 

meet the actual people work ing in phys ics . 

T h o s e of us w h o will recognize it may lament 

the rather drab sett ing of the C E R N 

cafeter ia, but the sent iments are well 

expressed and quite conv inc ing, whe ther they 

are uttered by young physic ists or by the 

leading lights of the f ield. 

Of course f rom a single v iewing of this 

D V D a lone, the " m a n in the street" is not 

going to aspire to unders tand wha t " w e " 

mean today by the theory fff every th ing, extra 

d imens ions , the very early un iverse or 

particle mass , especial ly s ince the links 

be tween the different sub jects are not a lways 

clear. However , its great merit - and 

certainly not the only one - is that it has 

been made and that it a l lows the v iewer to 

get an idea of today 's leading f igures in 

fundamenta l research. 

In the current w a v e of commemora t i ve 

events ( the recent centenar ies of the 

d iscovery of radioactivi ty and of Einstein 's 

first art icles, for examp le , or C E R N ' s 50th 

ann iversary this yea r ) , this kind of modern 

techno logy-based publ icat ion can do 

nothing but good for the rather stale 

image of this discipl ine of ours that is so 

difficult to popular ize. 

Alain Méric de Bellefon, PCC-Collège 

de France. 

Interactive Quantum Mechanics by 
Siegmund Brandt, Hans Dieter Dahmen 

and Tilo Stroh, Springer-Verlag. Hardback ISBN 

387002316 , €69.95 (£54.00, $69.95) . 

"Physica l intuit ion" is a precious com

modity for all physicists. Richard F e y n m a n , 

when asked once what his intuition was 

concern ing a certain prob lem, is said to have 

replied that he didn't have any because he 

hadn' t done the calculation yet. C o m m o n 

sense is f requent ly a poor guide, even in the 

classical doma in , but there our intuition can 

be built up with the help of reasoned 

interpretations of phenomena we can 

exper ience directly, and by the per formance 

of many relatively s imple and realistic 

calculat ions. Gaining intuition about the 

quan tum wor ld is much harder: w e have 

little, if any, direct percept ion of it, and few 

realistic problems are mathemat ical ly easy to 

so lve. T h u s , s tudents have a hard t ime 

"thinking physical ly" when faced with 

quan tum problems. 

Surely computers ought to be able to help. 

Quite compl icated problems can be quickly 

so lved numerical ly, and - most important ly -

the results can be presented in a var iety of 

graphical forms. Indeed, several recent under

graduate texts on quantum mechan ics have 

included disks demonstrat ing the solut ions of 

s tandard problems. These general ly have a 

modest capabil i ty for the student to "p lay with 

the parameters" , but there has been nothing 

more radically interactive. This book is the 

first (so far as I know) to fill this gap . 

In fact, it might be more accurate to 

descr ibe it as a computer program on a C D , 

accompan ied by extended notes, rather than 

as a book accompan ied by a C D . T h e 

program, cal led " I N T E R Q U A N T A " or IQ for 

short, has a self-explanatory user interface 

written in J a v a . It is easy to install and 

s imple to work with - the instructions are 

even sui table for computer illiterates like 

myself . It can be used passively, to watch 

(and listen to) demonstrat ions that illustrate 

the main points in the text, but in the second , 

interactive mode the user is offered 

considerable f reedom in designing the 

prob lems to be so lved and the ways in wh ich 

the answers may be d isp layed. As the authors 

put it, users can enter a "computer laboratory 

in quan tum mechan ics" . 

Eight phys ics topics are treated in as many 

chapters: free-particle mot ion, bound states 

and scatter ing, first in one and then in three 

d imens ions ; two-part icle sys tems in one 

d imens ion ; and special funct ions of 

mathemat ica l physics. Each chapter begins 

with a sect ion cal led "Physical Concepts " , in 

wh ich the relevant concepts and formulae are 

assemb led wi thout proof. Each sect ion of the 

text is careful ly keyed to a corresponding part 

of IQ, and the graphical outputs are well 

des igned and easy to read. More than 300 

numer ica l exercises are included to st imulate 

the reader 's explorat ion, and many contain 

useful prompts encouraging the reader to 

suggest a physical explanat ion for particular 

results. A final chapter contains hints for the 

solut ion of s o m e exercises, and an appendix 

provides a systemat ic guide to IQ. 

IQ conta ins much useful material , and the 

authors are to be congratulated on having 

produced someth ing rather novel that is so 

user fr iendly. But I bel ieve its va lue wou ld be 

greatly enhanced if the range of topics were to 

be signif icantly ex tended. For example , all the 

presentat ions are static, yet there are many 

fascinat ing and important t ime-dependent 

p h e n o m e n a in quan tum theory for which a 

"mov ie " wou ld be a valuable aid to under

standing. A n d it is a pity that the whole vital 

area of perturbat ion theory is omit ted, where 

there is amp le scope for numerical 

instruct ion. A program that included topics 

such as these would surely be a major 

resource for both students and teachers. 

Ian Aitchison, Oxford. 
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VIEWPOINT 

CERN's role on the European stage 
CERN's new director-general, Robert Aymar, believes that the CERN Council should 
strengthen its mission to "sponsor co-operation" in particle physics across Europe. 

W h e n the convent ion for the estab l ishment 
of a European organizat ion for nuclear 
research was s igned in Paris on 1 Ju ly 1953, 
the 12 states w h o s igned up to the formal 
establ ishment of CERN agreed that: " T h e 
basic p rogramme of the organizat ion shall 
compr ise : (a ) the construct ion of an 
international laboratory for research on 
high-energy particles; (b ) the operat ion of the 
laboratory specif ied above . " (Article II, 
paragraph 3.) So C E R N was born , and it is 
well known that over the past 50 years the 
laboratory has fulfilled its mandate ext remely 
well in these respects. However , the para
graph cont inues with a third part: " ( c ) the 
organizat ion and sponsor ing of international 
co-operat ion in nuclear research, including 
co-operat ion outside the laboratory." Th is part 
of C E R N ' s mission is less well known , and it 
s e e m s to have been less strongly 
implemented by the member states. 

As I begin my mandate as director-general 
of C E R N , in the organizat ion's 50th anniver
sary year, it seems increasingly important that 
the member states should place more 
emphas is on this neglected aspect of C E R N ' s 
miss ion. In particular I bel ieve that C E R N 
should come to be recognized as the place 
where the European p rogramme in particle 
physics is coord inated, shared and suppor ted 
by all the European players in the f ield. 

T h e connect ion be tween C E R N and the rest 
of Europe is of the utmost impor tance, 
especia l ly now that the European 
Commiss ion ( E C ) is doing a great deal to 
help sc ience. In March 2000 the L isbon 
European Counci l endorsed the project of 
creat ing a European Research Area ( E R A ) , 
as a central e lement of its st rategy for Europe 
to b e c o m e , by 2010 , " the most compet i t ive 
and dynamic knowledge-based e c o n o m y in 
the wor ld " . T h e a im is that connec t ions in 
Europe in one discipl ine can help to 
s t rengthen the players, and that syne rgy 
be tween laborator ies in different countr ies 
can avoid a wastefu l dupl icat ion of effort in 
research and deve lopment . 

Within this context we now have the 
opportuni ty for the EC to help us recover the 
"lost" part of C E R N ' s original miss ion. 
Building a research area across Europe 
requires coordinat ion, and in particle physics 
this coordinat ion should be the task of the 
C E R N Counci l . In this way , the investment of 
the member states in CERN could be seen 
more overt ly to be fed back into those states. 

What steps can we now take? CERN 's co
operation with other European particle-physics 
laboratories should be strengthened and 
deepened , with more collaboration towards 
common goals. In line with the policy of the EC 
for structuring the ERA, CERN could participate 
with other laboratories in research and devel 
opment and new infrastructure, and help to 
launch a variety of studies in co-operation 
with other laboratories. The programme of the 
CARE (Coordinated Accelerator Research in 
Europe) network, funded by the EC within 
Framework Programme 6, is an example of 
this kind of initiative. 

For many years there has been col labora
t ion between C E R N and groups in the member 
states in detector deve lopment and data 
analysis, for example , which has been dr iven 
by an obv ious necessity. However , col labora
t ion in the accelerator domain has been less 
c o m m o n , and competence in accelerators 
has become more concentrated at a few 

centres, such as C E R N and DESY. T h e 
benefi ts back in the member states them
selves have therefore not been as obv ious as 
in the case of the physics col laborat ions, 
where there has been clearly def ined work 
to be done within m e m b e r states, with 
related local benefi ts. 

T h e t ime now s e e m s right for the 
accelerator doma in to fol low this examp le , 
with mult i lateral col laborat ions between 
C E R N and other laborator ies in the member 
states. Th is wou ld be col laborat ion at a 
sys tem level rather than at a componen t level 
as has so far genera l ly been the case. C E R N 
can in this respect take on a specif ic role in 
coordinat ing the realization of the infra
structure. Interest ingly, such col laborat ive 
work has occur red in the past, but most ly 
with non -member s tates, such as the 
Russ ians , for examp le , rather than with 
the m e m b e r s tates. 

As an example of what might be possible 
in future, consider CLIC (the compact linear 
col l ider) project. Th is year the CLIC Tes t 
Facility 3 (CTF3) will be used to demonst ra te 
the technical feasibil i ty of the key concepts of 
the new radiof requency power source for 
CLIC, and for further tests with high field 
gradients. Th is facility has already received 
s o m e technical contr ibut ions f rom other 
laboratories: INFN ( I ta ly) , LAL (France) , RAL 
(UK) and Uppsala ( S w e d e n ) in Europe, and 
SLAC in the US. Never the less, deve lopment 
work for CLIC could provide the right opportu
nity to set up a col laborat ive venture with a 
much larger group of European laboratories, 
to be blessed by the CERN Counci l . 

So my vis ion is to see C E R N , in particular 
at the level of the C E R N Counci l , deve lop 
beyond its mission to superv ise the CERN 
laboratory, and to deve lop a new - or rather 
old - object ive to promote and steer the 
activit ies in particle physics across Europe. 
Remember that C E R N belongs to the 
m e m b e r states and also to their laboratories: 
C E R N belongs to y o u ! 
Robert Aymar, CERN. 
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Electron and Ion G u n s / S y s t e m s 
UHV Components, Vacuum Chambers 

U H V E l e c t r o n G u n s / S y s t e m s 

U H V I o n G u n s / S y s t e m s 

Beam energies: <1 e V to 100 keV. 
Beam currents: femtoamps to amperes 

E n e r g y sweeping, deflection, rastering, fast pulsing, emission 
current control, computer control, arc-resistant electronics, 
remote control, and multiple cathode options ( T h 0 2 , L a B 6 , Ta disc, 
W, BaO) , 

Appl ica t ions" Surface physics, v a c u u m physics, 
charge neutralization, cathodoluminescence, phosphor testing, 
R H E E D , E S D , I P E S , S IMS, semiconductor processing,Custom. 

C o m p o n e n t s : Multi-CF Fittings, Compact U H V Chambers , 
Instrument Chambers , Modular Components , Cathodes, Cathode 
cartridges, Faraday cups, Phosphor Screens, e V Parts (rods, 
cylinders, spacers, plates, tubes, brackets, insulators, balls, 
brackets, fasteners; alumina & stainless steel] 

CF Fittings not seen before! 

Excellence in Electron and Ion Optics 

WWW.KIMBALLPHYSICS.COM 
311 K I M B A L L HILL R O A D , W I L T O N , N H 03086-9742 U S A 

Toll Free: 1 888 KIM-PHYS (1 888 546-7497) 
e-mail: info@kimpnys.com 

Tel. 1 603 878-1616 Fax: 1 603 878-3700 

http://www.kimballphysics.com
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