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NEWS 

H Y P E R N U C L E I 

FINUDA's first results open up 
new window on exotic nuclei 

Fig. 1. A candidate fora hypernuciear-formation event (left) in FINUDA, with a \i+ from the 
decay of the K+ and a jt~ from the interaction of the K~ in a 6Li target The enlarged view of the 
vertex region (right) shows the trajectories of the initial K + and K~ formed from the (j) decay. 

T h e first resul ts f rom the F I N U D A expe r imen t 
at INFN 's Frascat i Nat iona l Labora to ry s h o w 
that the detec tor is per forming wel l and is in 
g o o d s h a p e for its fu ture s tud ies of hyper -
nuc lear phys ics . A t t h e X L I I In ternat ional 
Win te r Meet ing on Nuc lear Phys i cs in Bo rm io , 
Italy, at the end of J a n u a r y , the F I N U D A 
t e a m presen ted data on the pe r f o rmance of 
the detector , as wel l as pre l iminary obser
va t ions of the fo rmat ion of hypernuc le i and 
their d e c a y spec t ra . 

T h e F I N U D A detector w a s instal led at the 
D A F N E fac tory" in Frascat i in the spr ing of 
2 0 0 3 ( see CERN Courier Apr i l 2 0 0 3 p l 3 ) . 
T h e exper imen t m a k e s use of the low-energy 
negat ive kaons emi t ted in the d e c a y s of the 
(j) part ic les c reated in D A F N E . T h e d e c a y s 
p roduce an a lmos t m o n o c h r o m a t i c b e a m of 
K" wi th an energy of abou t 16 MeV . T h e s e 
low-energy K" can c o m e to a s top in th in 
targets and interact wi th nuclei v ia a 
s t r angeness -exchange reac t ion , w h e r e the 
s t rangeness of the kaon is t rans fe r red to a 

nuc leus in wh i ch a neut ron (con ta in ing udd 
quarks ) b e c o m e s a lambda part icle ( u d s ) . 

T h e use of thin targets m e a n s that the 
F I N U D A exper iment can make the mos t of its 
intrinsic m o m e n t u m resolut ion in order to 
prov ide high-resolut ion m e a s u r e m e n t s of 
hypernuc lear energy levels. In addi t ion, 
the appara tus is des igned to detect charged 
and neutral part icles with large angular 
cove rage and high stat ist ics. T h e exper iment 
can also measu re spect ra f rom different 
targets at the s a m e t ime, so reduc ing the 
number of poss ib le sys temat ic errors. 

O n c e the commiss ion ing of F I N U D A w a s 
comp le te in Oc tobe r 2 0 0 3 , data tak ing 
cou ld begin wi th a se t of targets of d i f ferent 
nuclei - 6 L i , 7 L i , 1 2 C , 2 7 A I and 5 1 V - tha t w e r e 
c h o s e n to a l low a var ie ty of s imu l t aneous 
s tud ies of the fo rmat ion and d e c a y of hyper
nuc le i . T h e targets fo rm an oc tagon 
su r round ing the interact ion reg ion, w h e r e the 
K" are p roduced in the decay of (j) part ic les to 
K + K " pairs. Wi th in the target ar ray, th in s labs 

Fig. 2. The momentum distribution of 
positive tracks coming from the stopping 
points of K\ The peak at 236 MeV/c 
corresponds to the decay K+ | i + v^ while 
that at 205 MeV/c corresponds to 
K+ jt+jt°. The width of the \x+ peak implies a 
momentum resolution ofl% FWHM. 

of scint i l lator de tec t the highly ionizing low-
ene rgy kaons . Hypernuc lear - fo rmat ion even ts 
are se lec ted by a t r igger that picks out K + K " 
pairs a c c o m p a n i e d by a fast part icle (a p ion) 
c o m i n g f rom the interact ion of the K~ in a 
target ( see f igure 1). 

T h e data co l lec ted so far indicate a 
m o m e n t u m reso lu t ion , Ap/p of 1.1% full 
w id th at half m a x i m u m ( F W H M ) , co r respon 
d ing to a resolut ion of approx imate ly 
2.5 M e V on hype rnuc lea r energy levels ( s e e 
f igure 2 ) . Th i s va lue shou ld improve after 
f inal ca l ibrat ion and detector a l ignment . T h e 
ind icat ions are that dur ing its first phase of 
da ta tak ing F I N U D A shou ld col lect abou t 1 0 5 

usefu l even ts per target - wh ich is e n o u g h 
for s o m e high-resolut ion spec t roscopy on 
the va r ious nuc le i . 

F u r t h e r r e a d i n g 
M Agnel lo etal. 2 0 0 3 Frascati preprint 
L N F - 0 3 / 2 3 ( P ) ; to appear in Nucl. Phys. B 
(Proc. SuppL). 
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N U C L E A R P H Y S I C S 

Superheavies extend periodic table to 115 
A t eam f rom the Joint Institute for Nuc lear 
Research ( J INR) in D u b n a , Russ ia , and the 
Lawrence L ivermore Nat ional Laboratory 
( L L N L ) in the U S , has publ ished results on the 
syn thes is of two new s u p e r h e a v y e lements , 
e lement 113 and e lement 115. In 
exper iments conduc ted at the J I N R U400 
cyclot ron with the Dubna gas-fi l led separator , 
the t eam observed decay cha ins that conf i rm 
the ex is tence of the two e lements , wi th 
e lement 113 produced via the a lpha decay of 
e lement 115 (Oganess ian etal. 2 0 0 4 ) . 

T h e exper iments p roduced four a toms each 
of e lement 115 and e lement 113 th rough the 
fus ion react ion of calc ium-48 nuclei at an 
energy of 248 MeV with nuclei in a target of 
amerc ium-243 . T h e t eam obse rved three 
simi lar decay chains, each consis t ing of f ive 
consecut ive a lpha decays that together took 
less than 30 seconds and te rminated in the 
spon taneous f ission of dubn ium-268 , an 
isotope of e lement 105 (wh ich w a s n a m e d 
after D u b n a ) with a half-life of 16 hours . A n 
interest ing fourth decay chain end ing in 
dubn ium-267 w a s also observed w h e n the 
energy of the incident ca lc ium ions w a s 
sl ightly increased. 

T h e d iscovery w a s m a d e possib le th rough 
the use of the intense calc ium-48 b e a m f rom 

One of the decay chains observed for the 
decay of element 115 to dubnium-268, 
via element 113, indicating the measured 
energies and the time intervals. 

J I N R ' s U400 cyc lo t ron. "Twen ty years ago no 
one wou ld have ever thought that this w a s 
possible because the techno logy to produce 
such an e lement just wasn ' t there , " exp la ined 

The gas-filled recoil separator that is 
used in the heavy element experiments at 
JINR. (Photo: Yu A Tumanov, JINR.) 

J o s h u a Pat in, LLNL 's pr imary data analyst on 
the t e a m . "But with the eff ic iency of the 
Russ ian cyclot ron and the ability to run the 
exper iments for long per iods of t ime, w e were 
able to ach ieve this t r emendous a c c o m 
pl ishment . " T h e amer ic ium target material 
w a s suppl ied by the LLNL. 

F u r t h e r r e a d i n g 
Y u T s Oganess ian e t al. 2004 Phys. Rev. C 
6 9 0 2 1 6 0 1 - 1 . 

P O L I C Y 

OECD committee 
endorses future 
linear collider 
Ministers meet ing at the end of J a n u a r y for 
the Commi t tee for Scientif ic and T e c h n o 
logical Pol icy of the O E C D (Organ isa t ion for 
Economic Cooperat ion and D e v e l o p m e n t ) 
have acknow ledged the impor tance of 
ensur ing access to large-scale research infra
st ructures in high-energy phys ics and of the 
long-term vitality of the f ield. T h e ministers 
a lso noted the wor ldwide consensus of the 
scienti f ic commun i t y in choos ing an 
e lec t ron-pos i t ron l inear col l ider as the next 
acce lera tor -based facil ity to c o m p l e m e n t and 
expand on d iscover ies that are likely to 

emerge f rom the Large Hadron Coll ider ( L H C ) 
at C E R N . T h e y agreed that the p lanning and 
implementat ion of such a large, mult i -year 
project shou ld be carried out on a global 
basis, and shou ld involve consul tat ions 
a m o n g not only scient ists but also represen
tat ives of sc ience funding agenc ies f rom 
interested countr ies. 

At their prev ious meet ing in 1999, the 
ministers had endorsed the creation of the 
O E C D Global Sc ience Forum, which provided a 
useful venue for consultat ions among senior 
sc ience policy officials and programme 
managers , and was a valuable mechan ism for 
bringing together government officials with 
representat ives of scientific communi t ies . 
Now, at the January 2004 meeting, the minis
ters were in a posit ion to devote their attention 
to the fo rum's work concerning high-energy 
physics. In particular the ministers endorsed 

the s ta tement prepared by the forum's 
Consul tat ive Group on High-Energy Physics 
and noted severa l important points that were 
art iculated in the group 's report. T h e s e in
c luded the need to have large, next-generat ion 
facilit ies f unded , des igned , built and operated 
as global-scale col laborat ions; the need to 
educate , attract and train young people in the 
f ields of high-energy physics, astrophysics and 
cosmology ; and the need for a strong interna
t ional R&D col laborat ion and studies of the 
var ious issues required to realize the next 
major accelerator facility on the consultat ive 
group 's roadmap - a next-generat ion 
e lec t ron-pos i t ron coll ider with a signif icant 
period of concurrent running with the LHC. 
• T h e comple te d o c u m e n t of the commi t tee 's 
final conc lus ions is avai lable at: w w w . o e c d . 
o r g / d o c u m e n t / 1 5 / 0 , 2 3 4 0 , e n _ 2 6 4 9 _ 3 4 4 8 7 
_ 2 5 9 9 8 7 9 9 _ l _ l _ l _ l , 0 0 . h t m l . 
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P A R T I C L E S I N S P A C E 

ASACUSA probes the astrophysical 'ice age' 
G i v e n the appa ren t a b s e n c e of an t imat te r 
at the cosm ic sca le , it might s e e m s t range 
tha t a recent paper f rom the A S A C U S A 
co l labora t ion on q u a n t u m tunne l i ng ef fects in 
col l is ions b e t w e e n ant ipro ton ic he l ium a t o m s 
a n d H 2 a n d D 2 mo lecu les m a y be re levant to 
as t rophys ics . Th i s is b e c a u s e ant ip ro ton ic 
he l ium cons is ts of a one-e lec t ron " c l o u d " 
su r round ing a c o m p o s i t e , s ing ly c h a r g e d 
" n u c l e u s " m a d e up of an a lpha part ic le ( two 
posi t ive cha rges ) and an ant ip ro ton ( o n e 
negat i ve c h a r g e ) , so tha t it looks rather like 
a hyd rogen a t o m . 

No da ta exist on the reac t ions b e t w e e n H 
a n d D a t o m s and their mo lecu les H 2 a n d D 2 

at the low t empe ra tu res , a r o u n d 3 0 K, tha t are 
character is t ic of cold interstel lar c l ouds a n d 
co ld pre-stel lar co res . T h e s e are exact ly the 
as t rophys ica l e n v i r o n m e n t s w h e r e m o r e 
c o m p l e x mo lecu les m a y even tua l l y be 
f o r m e d . For e x a m p l e , in cer ta in reg ions the 
a b u n d a n c e s of mo lecu les s u c h as H 2 0 , H 2 S , 
CH3OH and C 2 H 5 O H are so e n h a n c e d tha t 
su r face ice chemis t ry mus t be occur r ing , wh i le 

This image of the Eagle nebula, M16, which 
was constructed from data from ESA's 
Infrared Space Observatory (ISO) satellite, 
reveals clouds of interstellar material at 
temperatures below -100 °C. A stellar 
nursery, the nebula's cold temperature is a 
key requirement for star birth to occur. 
(Credit: ESA/ISO/ISOGAL team.) 

the reac tan ts rema in in c lose prox imi ty to one 
ano the r for 1 0 5 y e a r s or m o r e ! 

H o w e v e r , s u c h reac t ions m a y not take 
p lace at all at t h e s e t e m p e r a t u r e s w i thou t 
tunne l l i ng e f fec ts , so any th ing tha t p rov ides a 
g rea te r u n d e r s t a n d i n g of q u a n t u m tunne l l i ng 
at low t e m p e r a t u r e s is of impo r tance in 
a n s w e r i n g the ou t s tand ing ques t i ons a b o u t 
ice chemis t r y . T h i s is w h e r e the da ta f r om the 
A S A C U S A e x p e r i m e n t , repor ted in the p a p e r 
" Q u a n t u m tunne l l i ng ef fects revea led in 
co l l is ions of an t ip ro ton ic he l ium wi th 
h y d r o g e n i c m o l e c u l e s at low t e m p e r a t u r e s " 
( J u h a s z et al. 2 0 0 3 ) , m a y p lay an impor tan t 
ro le. T h e A S A C U S A resul ts p rov ide a 
p rom is ing b e n c h m a r k for theore t ica l m o d e l s 
of s u c h co l l i s ions , w h i c h cou ld be 
genera l i zed to m o r e c o m p l e x s y s t e m s a n d 
m a y lead to a bet ter u n d e r s t a n d i n g of 
as t rophys i ca l ice chemis t r y . 

F u r t h e r r e a d i n g 
B J u h a s z e t al. 2 0 0 3 Chem. Phys. Lett. 
379 9 1 . 

CERN strengthens links with AMS experiment 
C E R N and the col laborat ion beh ind the A lpha 
Magnet ic Spec t romete r ( A M S ) exper iment 
have s igned a new m e m o r a n d u m of unders tan
ding ( M O U ) for the execut ion of the exper iment , 
wh ich will take place not at C E R N , or e l sewhere 
on Ear th , but in space . T h e new M O U fo resees 
the es tab l ishment at C E R N of the exper iment ' s 
Pay load Opera t ions and Control Cent re , and 
the Sc ience Opera t ions Cent re . C E R N will a lso 
prov ide areas for the assemb ly and test ing of 
the A M S detector, as well as off ices for users 
and secretar ial suppor t . 

A M S is a major internat ional co l laborat ion 
that is led by S a m T ing of MIT (CERN Courier 
Apri l 2 0 0 2 p5 ) . T h e pr incipal goal of the A M S 
exper iment , wh ich will be located on board the 
Internat ional S p a c e Sta t ion , is to look for 
ant ipart ic les in the pr imary cosm ic radiat ion of 
outer s p a c e . Other ob jec t ives of the exper i 
men t inc lude search ing for dark mat ter and 
careful ly ana lys ing detai ls of the cosmic - ray 
s p e c t r u m . T h e detector will be e q u i p p e d with a 

The 12 "racetrack" coils and two dipoles for 
the AMS superconducting magnet, built by 
Space Cryomagnets, UK, laid out in their 
approximate positions in the detector. 

power fu l supe rconduc t i ng magne t and soph is 
t icated detec tors for precis ion t racking, 
part icle identi f icat ion and photon de tec t ion . 

A M S has been a " recogn ized expe r imen t " 

The signature of the MOU on 15 December 
2003, with Claude Détraz, left, representing 
CERN and Manuel Aguilar-Benitez ofCIEMAT, 
Spain, representing the AMS collaboration. 

at C E R N s ince 1997 . T h e new M O U , wh i ch 
is a s ign i f icant upg rade of the p rev ious 
a g r e e m e n t , has a dura t ion of f ive y e a r s a n d 
can be r e n e w e d . 
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A C C E L E R A T O R S 

PPARC approves new funding for UK accelerator R&D 
T h e UK Particle Phys ics and A s t r o n o m y 
Research Counci l ( P P A R C ) has app roved a 
£21 mil l ion ( ~ € 3 1 mil l ion) p r o g r a m m e of 

acce lerator R & D for future facil i t ies in particle 
phys ics , inc luding a l inear col l ider and a 
possib le neutr ino factory. Th is will deve lop the 

UK 's academ ic base in these important a reas . 
P P A R C ' s inves tment , in par tnership with the 
Counci l for the Centra l Laboratory of the 
Research Counc i ls ( C C L R C ) , will fund a 
research p r o g r a m m e and create two new 
univers i ty research cent res. T h e a im is to build 
on exist ing a c a d e m i c expert ise and deve lop a 
st rong research base in acce lerator R & D , in 
order to e n h a n c e the UK 's posit ion in 
exper imenta l part icle phys ics . 

T h e two cent res that are being created are 
the Cockcrof t Insti tute: Nat ional Centre for 
Acce lera tor Sc ience and the O x f o r d / 
Royal Ho l loway Cent re . T h e Cockcrof t Institute 
is be ing es tab l ished with £7 .03 mill ion 
( - € 1 0 . 5 0 mil l ion) f rom P P A R C , in 
par tnersh ip wi th the Nor thwest D e v e l o p m e n t 
A g e n c y , and the universi t ies of L iverpool , 
Lancaster and Manches ter . T h e s e c o n d 
cent re , wh ich will receive £2 mill ion 
( ~ € 3 mil l ion) f rom P P A R C , is a par tnership 
wi th the Univers i ty of Oxford and Royal 
Ho l loway, Univers i ty of London . T h e cent res 
will wo rk c losely wi th C C L R C ' s Acce lera tor 
Sc ience and T e c h n o l o g y Centre to create a 
leading capabi l i ty in accelerator sc ience 
in the UK. 

A n e lec t ron -pos i t ron l inear col l ider has 
been accep ted by the internat ional particle-
phys ics c o m m u n i t y as the next large facil ity 
that is n e e d e d , and construct ion could start 
as ear ly as 2 0 0 9 . UK scient ists are focus ing 
on deve lop ing the b e a m del ivery s y s t e m , 
wh ich will take the acce lera ted part icles to 
the col l is ion point. 

T h e neutr ino factory is a p roposed 
internat ional exper imen t to s tudy neutr inos, 
and will rely on a b e a m of m u o n s to create 
the neutr inos. T o ach ieve this, a new 
m e c h a n i s m has been p roposed for cool ing 
the m u o n s , and the Muon Ionisat ion Cool ing 
Exper iment ( M I C E ) is des igned to test this 
pr inciple. A col laborat ion of more than 150 
physic is ts and eng ineers f rom Europe , the US 
and J a p a n wou ld like to build and test a 
sect ion of a realistic cool ing channe l on a 
beaml ine , wh ich could be const ruc ted on the 
ISIS acce lera tor at C C L R C ' s Rutherford 
App le ton Laboratory . T h e fund ing for MICE 
is at present on ly prov is ional , and d e p e n d s 
on the project pass ing th rough s o m e 
fur ther rev iew p rocedures . 
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CERN COURIER ARCHIVE: 1 9 6 2 
To celebrate the 50th anniversary of CERN, we look back at some of the items in the early issues of CERN Courier 

CERN AND BROOKHAVEN 

New fundamental particle discovered: the 
anti-xi-minus 
The d iscovery of the xi-minus antipart icle, a 
posit ively charged xi and one of the few 
hitherto undiscovered "strange part icles", 
was reported s imul taneously in the Physical 
Review Letters of 15 March by physicists 
work ing at CERN and at the Brookhaven 
National Laboratory. 

Thus one of the two remaining quest ion 
marks on the list of so-cal led "e lementary" 
particles can now be replaced by factual 
ev idence. As professor Weisskopf [then 
director-general of CERN] has c o m m e n t e d : 
"This is an important d iscovery. In filling a gap 
in the theoretical knowledge of fundamenta l 
physics, it al lows physicists the wor ld over to 
base more firmly their invest igat ions on one of 
the great riddles of our t ime: what is matter 
made of and why is it s o ? " 

The e lementary particles now number 30. 
At the end of the list the heaviest are the xi 
particles, which are also called cascade 
particles. They have either a negat ive or zero 
electric charge and a mass of about 2580 
t imes that of the electron, one of the 
fundamenta l blocks of nature, which is taken 
as the unit of particle mass. T h e xis are thus 
listed by physicists as heavy particles, or 
baryons, in one of four c lasses of particles. 
T h e y decay in 10~ 1 0 s (one tenth of a 
thousandth of a millionth of a s e c o n d ) , each 

Antiprotons arrive [from the left] with momenta of 3 GeV/c and pass at high speed through 
the liquid hydrogen of the 81 cm bubble chamber. One of these antiprotons is seen to travel 
about 20 cm in the chamber, and then collide with a hydrogen nucleus (a proton), resulting 
in mutual annihilation. The mass of the proton and the mass and kinetic energy of the anti-
proton give birth to two heavy particles: a negative xi and its antiparticle, which is a positively 
charged anti-xi. [The xi and anti-xi are visible as the first faint fork to be seen in the tracks, left 
of centre; the decay of the anti-xi then gives rise to the more visible spray of tracks.] 

into a lambda particle and a pion. It is the 
antiparticle of the negative xi (a posit ively 
charged xi) that has now been d iscovered. 

In the CERN experiment that led to the 
discovery, 85 000 pictures were taken just 
before last Christmas in the 81 cm hydrogen 
bubble chamber. This apparatus was built by a 
group of engineers from the Department 
"Saturne" of the Centre d'Études Nucléaires de 
Saclay, France, and physicists from the 
Laboratoire de Physique, École Polytechnique, 
Paris. It was installed at CERN near the largest 
European accelerator, the 28 000 million elec-
tronvolt proton synchrotron. The accelerated 

protons hitting a target produced secondary 
particles, from which antiprotons with an 
energy slightly above 3 GeV were selected and 
transported in a 100 m long channel to the 
bubble chamber, by means of an electrostatic 
separator, magnetic lenses and magnets. 

About 15 European physicists can be con
sidered as responsible for the discovery made 
at C E R N . They decided to credit not their own 
personal contribution but the co-operative 
effort of the CERN European enterprise, 
coupled with the work of the Paris École Poly-
technique and Department Saturne of Saclay. 
• Taken from C E R N Courier March 1962 p4. 

NEWS FROM ABROAD 
US government 
approves Project M 
For the record, we would like to report that 
"Project M" (for Monster ! ) has received US 
government approva l , and the first moves are 
being made in the construct ion of what will be 
the largest and most expens ive research 
instrument of its kind in the wor ld . 

This is the 20 GeV electron linear 
accelerator, to be built at Stanford University, 
Cali fornia, f inanced by the US Atomic Energy 
Commiss ion . It will accelerate electrons inside 
a straight vacuum tube 2 miles (3 km) long, in 

a concrete tunnel buried under 11 m of earth. 
Every 12 m, radio waves will be fed into the 
tube from a total of 240 large klystron 
oscil lators to provide the energy to speed up 
the electrons to 99.999999% the speed of 
light. Proposed exper iments include studies of 
the processes induced by high-energy 
electrons, studies of nuclear-particle 
structure, exper iments with secondary particle 
beams produced by the high-intensity 
electron b e a m , a test of the basic theory of 
e lect romagnet ism, maybe even the study of 
new particles and other phenomena as yet 
unknown. It is planned eventual ly to raise the 
max imum energy to 4 0 - 4 5 GeV by feeding 
power f rom 1 klystron every 3 m. 
• Taken from CERN Courier March 1962 p9. 

EDITOR'S NOTE 
In 1962 CERN Courier reported on the 
discovery of the anti-xi-minus, whi le just over 
40 years later exper iments are beginning to 
discover what seem to be exotic relatives of 
the x i , the so-called pentaquarks (see p29) . 
T h e discovery of new particles is a continuing 
theme in particle physics, with the discovery 
of the W and Z particles being one of C E R N ' s 
major ach ievements (see p l 3 ) . 
• Apo logy : the wrong reference w a s g iven 
on the archive page in the previous issue 
(March 2004 p9 ) ; the excerpts were in fact 
taken f rom Sep tember 1962, not August . 
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PHYSICSWATCH 
Compiled by Steve Reucroft and John Swain 

Carbon nanotubes found 
to be wiggly when wet 
Take a pinch of carbon nanotubes, add a 
dash of water, and what do you get? The 
answer, rather surprisingly, is a lmost anything 
you want. Whi le most work to date wou ld lead 
one to think of carbon nanotubes as stiff rods 
just a few nanometres across, Vladimir 
Tsukruk and his col leagues at Iowa State 
University in A m e s have found that all this 
changes when the nanotubes are wet. T h e y 
become very flexible and will spontaneous ly 
bend into interesting forms as they dry. By 
cycl ing through many wett ing and drying 
operat ions, they have found loops, hooks, 
coils and other shapes . In addit ion to the 
obv ious interest in bent nanotubes as 
possible structural components for nano-
dev ices, the expected change in their optical 
propert ies in response to bending also makes 
them possible candidates for sensors . 

This image from an atomic force microscope 
shows part of an individual stripe of carbon 
nanotubes "woven" into a complex texture. 

F u r t h e r r e a d i n g 
V V Tsukruk, H Ko and S Peleshanko 2004 
Phys. Rev. Lett. 9 2 065502. 

Catalyst research takes off 
This year is already proving good for research 
into new catalysts. John Shelnut t and 
col leagues at Sandia National Laborator ies in 
A lbuquerque, New Mexico, have shown that 
porphyrin molecules embedded in fatty 
droplets called l iposomes can , in the 
presence of plat inum ions and light, form 
foamy plat inum nanostructures. These 
nanostructures turn out to be amazing 
catalysts that allow hydrogen a toms to be 
split off f rom water by light. 

Meanwhi le, Gregg Deluga of the University 
of Minnesota and col leagues have found a 
w a y to turn alcohol into hydrogen by s imply 
passing it, together with air and water vapour , 
over a sequence of two catalysts. The first 
catalyst, made of rhodium and cer ium oxide, 
makes hydrogen, carbon dioxide and carbon 
monox ide, and the second , made of plat inum 
and cerium oxide, turns the carbon monoxide 
and water vapour into carbon dioxide and 
more hydrogen. The reaction takes place at 
over 700 °C, but once started it is exothermic 
so the process warms itself. This is excit ing 
news as it offers a way to convert alcohol -

which is easy to produce commercia l ly in large 
quantit ies in a completely renewable and 
environment-fr iendly way - into a fuel whose 
only waste product on burning is pure water. 

Finally, a new way has been found to split 
diatomic ni trogen, which is abundant in the 
atmosphere but a lmost inert chemical ly, into 
single nitrogen atoms, which can be made 
into important compounds of industrial and 
commerc ia l va lue, such as ammon ia . 
Paul J Chirik of Cornell University and 
col leagues have deve loped a novel semi -
organic z i rconium-based catalyst that does 
the job at 100 °C and atmospher ic pressure. 
In contrast, the traditional H a b e r - B o s c h 
process requires high temperatures between 
400 and 500 °C and about 400 a tmospheres 
of pressure. 

F u r t h e r r e a d i n g 
Y Song et al. 2004 J. Am. Chem. Soc. 
126 635. 
G A Deluga et al. 2004 Science 3 0 3 993 . 
J A Pool, E Lobkovsky and P J Chirik 2004 
Nature 4 2 7 527. 

MOS structure points 
way to silicon optics 
One of the big hold-ups on the development of 
optical (as opposed to electronic) circuits has 
been that there were no clear alternatives to 
sil icon, which never seemed up to the job; 
certainly there was nothing with comparable 
fabrication infrastructure in place. However, this 
may have changed. Ansheng Liu of Intel in 
Santa Clara, California, and colleagues have 
shown that a MOS-type capacitor structure 
placed in a silicon optical waveguide can have 
its index of refraction varied by an applied vol
tage. The resulting device can provide phase-
shift modulation with a bandwidth of more than 
1 GHz, exceeding earlier speed records by a 
factor of about 50. Such progress, and the 
obvious ease with which electronics in silicon 
could be mixed with nascent silicon-optics tech
nology, could lead to amazing devices in future. 

F u r t h e r r e a d i n g 
A Liu etal. 2004 Nature 4 2 7 615. 

When fermions pair 
up and condense 
A novel state of matter consisting of condensed 
fermions has been created by Deborah Jin and 
col leagues, Cindy Regal and Marcus Greiner, at 
NIST and the University of Colorado. The team 
showed that when fermionic potassium-40 
atoms are held at microkelvin temperatures 
they pair up into bosons (rather as electrons 
form Cooper pairs in the BCS theory of super
conductivity or He-3 pairs in superfluidity, but 
with much stronger binding) and then 
condense, forming a Bose-Einste in conden
sate, even though they're really fermions. The 
strength with which the pairing takes place can 
be tuned with a magnetic field, which makes 
this a very interesting experimental sys tem. 
Even more excitingly, the small ratio between 
the Fermi and condensat ion temperatures 
relative to that observed in normal and even 
high-Tc superconductors could point the way to 
room-temperature superconductivity. 

F u r t h e r r e a d i n g 
C A Regal , M Greiner and D S Jin 2004 Phys. 
Rev. Lett. 9 2 040403 . 
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Star ripped apart by giant black hole 

ASTROWATCH 
Compiled by MarcTur ler 

Artist's impression of a star (orange circle) that is being stretched and torn apart by 
the enormous gravity of a giant black hole. (Illustration: NASA/CXC/M Weiss.) 

It has long been predicted that the very strong 
tidal forces of supermass ive black holes at 
the centre of galaxies are able to disrupt 
stars ventur ing too close. Observat ional 
ev idence for this phenomenon has now been 
obtained by two X-ray observator ies - ESA 's 
XMM-Newton and NASA 's Chandra . 

The story of this discovery goes back to July 
1992, when the German Roentgen satellite 
(ROSAT) observed strong X-ray emission from 
an unknown source that happened to be in 
its field of view. This source, called RX 
J 1242 .6 -1119, must have brightened by at 
least a factor of 20 during the previous one-
and-a-half years, as it had not been detected 
between December 1990 and January 1991 
during the ROSAT All-Sky Survey. Then in 
January 1999 the 1.5 m Danish te lescope at 
La Silla, Chile, found two distant galaxies (red-
shift z = 0.05) within the X-ray position error 
circle, but surprisingly neither of them showed 
evidence for hosting an active galactic nucleus. 

If the X-ray outburst was indeed associated 
with one of these non-active galaxies, the 
most likely interpretation of its origin was the 
tidal disruption of a star by a supermass ive 
black hole. To test this hypothesis , the two 
galaxies were observed by the Chandra X-ray 
Observatory during March 2001 , and a faint 
X-ray emission was detected at the centre of 
one of the two galaxies. Finally, in June 2001 , 
a fol low-up observat ion with XMM-Newton 
al lowed the X-ray spect rum of this source to 
be obta ined, al though it was about 200 t imes 
d immer than the outburst detected in Ju ly 
1992 by ROSAT. The radiation was found to 
be w idespread in energy - the characterist ic 
emission of matter close to a black hole. 

Like putting together the pieces of a puzzle 
in a detect ive story, these new observat ions 
now tell us what happened at the centre of 
this galaxy. A doomed star ventured too close 
to a massive black hole, and once close 
enough began to feel the extreme tidal forces 
exerted by the black hole. The dif ference in 
gravity acting on the front and back of the star 
first stretched it and then complete ly r ipped it 
apart. Part of the stellar debris was pulled 
toward the black hole. In the ext reme 
condit ions close to the black hole's event 
horizon the gas heated itself up enormous ly , 
to mill ions of degrees, and before disappear-

Picture of the month 
Th is X-ray map of the entire sky is a beaut i ful 
example of recycl ing " t r ash " data f rom a 
satel l i te. It w a s constructed using 20 mil l ion 
seconds of data f rom the Proport ional 
Counter Ar ray of N A S A ' s Rossi X-ray T im ing 
Explorer ( R X T E ) when the satel l i te w a s 
mov ing be tween pointed observat ions. 
Because RXTE has been in operat ion for 
about eight years , it has now covered a lmost 
the entire sky wi th these " s lew" 
observat ions, enabl ing the construct ion of 
the most precise map at X-ray energ ies 
be tween 3 and 20 keV. T h e plane of our 
ga laxy is clear ly seen , running hor izontal ly 

ing into the black hole forever, the gas emit
ted a brilliant flare of X-ray radiation - a "last 
cry for help" f rom the dying star. W h e n re-
observed with Chandra and XMM-Newton nine 
years later, the X-ray emission had dropped 
dramatical ly but not yet faded away com
pletely. W e can still see some of the afterglow 
emitted by the remaining gas that has not yet 
been swal lowed by the black hole. 

T h e data col lected for RX J 1242 .6 -1119 
are the best ev idence yet for such a tidal 
disruption event . Only two other suspic ious 

a long the middle of the image, and the map 
conta ins hundreds of clear ly detected X-ray 
sources , inc luding objects inside the Milky 
W a y and beyond . (Credi t : M Revniv tsev, 
S Sazonov , K J a h o d a , M Gi l fanov; N A S A . ) 

f lares that could be similar events have been 
found in other galaxies. Ast ronomers est imate 
that these events happen about once every 
10 000 years in a galaxy. If this was going to 
happen around the black hole at the centre of 
our own Milky W a y galaxy, it would become a 
hundred billion t imes brighter in X-rays than it 
is now, outshining every X-ray source in the 
sky, other than the S u n . 

F u r t h e r r e a d i n g 
S Komossa etal. 2004 ApJ 6 0 3 L I 7 . 
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W AND Z DISCOVERY 

The W and Z particles: 
a personal recollection 

Pierre Darriulat, who 
was spokesperson for 
the UA2 collaboration 
between 1978 and 
1985, looks back at 

the events surrounding the discovery of the 
W and Z particles at CERN in 1983. 

T h e d e c a d e b e t w e e n 1967 a n d 1976 w i t n e s s e d an i m p r e s s i v e 
s e q u e n c e of exper imenta l a n d theoret ica l d i scover ies tha t c h a n g e d 
the v is ion w e had of the wor ld - f rom the pred ic t ion of e lec t roweak 
uni f icat ion in the lepton sec to r ( 1 9 6 7 - 1 9 8 0 ) a n d the d i scove ry of 
deep- ine las t ic e lec t ron sca t te r ing ( 1 9 6 9 ) , to asymp to t i c f r e e d o m 
a n d q u a n t u m c h r o m o d y n a m i c s ( 1 9 7 3 ) a n d t he d i s c o v e r i e s of 
the J / W ( 1 9 7 4 ) a n d n a k e d c h a r m ( 1 9 7 6 ) . By 1976 the S t a n d a r d 
M o d e l of part ic le p h y s i c s w a s in p lace , r eady to con f ron t exper i 
m e n t s , a n d it w a s c lear t ha t a n e w a c c e l e r a t o r w a s requ i red to 
exp lo re the e lec t roweak uni f icat ion sector . Th i s is w h e r e the w e a k 
gauge bosons , W and Z, we re expec ted , wi th approx imate m a s s e s of 
65 a n d 80 G e V / c 2 , respec t ive ly . T h e a r g u m e n t s for the fu ture LEP 
m a c h i n e w e r e a l ready s t rong. 

I r e m e m b e r be ing a s k e d by J o h n A d a m s ( then execu t i ve director-
genera l of C E R N ) to c o n v e n e the Large E lec t ron Pos i t ron Col l ider 
( L E P ) s t udy g roup in Apri l 1976 , a n d to edi t t he report. In pract ice 
th is m e a n t learn ing f rom theor is ts J o h n Ellis a n d Mary K Gai l lard all 
the beaut i fu l new phys i cs tha t w a s wa i t ing for us , put t ing toge the r 
s o m e d o c u m e n t s on t he feas ib i l i t y of t he m a c h i n e ( w h i c h w e r e 
ava i lab le fo l lowing Burt Richter 's semina l pape r ) , and w rapp ing it all 
up as qu ick ly as poss ib l e t o g e t h e r w i th s o m e b read -and -bu t te r 
exper imenta l c o m m e n t s . It took only s e v e n m o n t h s to get it all d o n e 
to the sat is fact ion of A d a m s , w h o w a n t e d to push the LEP project in 
the w a k e of the s u c c e s s of t he S u p e r Pro ton S y n c h r o t r o n ( S P S ) , 
w h i c h w a s abou t to start ope ra t i on . 

T h e p r o t o n - a n t i p r o t o n c h o i c e 
T h e situation in 1976 sets the context in wh ich the p ro ton-an t ip ro ton 
dec is ion w a s m a d e . T h e p ressure to d i scove r the W a n d Z w a s so 
s t rong that the long des ign , d e v e l o p m e n t and const ruc t ion t ime of 
the LEP project left mos t of us, e v e n the mos t pat ient, d issat is f ied. A 

As soon as it was known that the 1984 Nobel Prize for Physics 
had been awarded to Carlo Rubbia and Simon Van der Meer, a 
celebration was organized in an experimental hall at CERN. The 
happiness they radiate in this photograph was shared by the 
participants in the proton-antiproton project, who attended the 
event and drank a glass in their honour. Undoubtedly, this was 
one of the happiest days in the distinguished history of CERN. 

quick (bu t hopefu l ly not dir ty) look at the new b o s o n s wou ld h a v e 
been highly w e l c o m e . But w h e n p r o t o n - p r o t o n col l iders s u c h as the 
Supe rconduc t i ng Intersect ing S to rage Rings ( S C I S R ) w e r e p roposed 
in th is spir i t , t h e y w e r e "k i l led in the e g g " by the m a n a g e m e n t at 
C E R N , wi th t he a r g u m e n t tha t t h e y w o u l d de lay - or e v e n w o r s e , 
e n d a n g e r - the LEP project. Th i s w a s accep ted as a ser ious a rgu
men t e v e n by the p roponen ts of s u c h col l iders. 

T h e s a m e a r g u m e n t d id not app l y to the p r o t o n - a n t i p r o t o n co l 
l ider as it did not requi re the cons t ruc t ion of a n e w col l ider ring a n d 
cou ld be p r o p o s e d as an e x p e r i m e n t . O n e migh t ob jec t tha t th is 
s o u n d s like a bad j o k e , b e c a u s e it impl ied the cons t ruc t ion of an 
ant ip ro ton s o u r c e , and tha t t u rned out later to inc lude a co l lec to r / 
a c c u m u l a t o r acce le ra to r c o m p l e x ( A C / A A ) . 

H o w e v e r , it rema ins t rue that the ex is tence of the S P S , wh i ch w a s 
s o o n s h o w n to per fo rm ex t reme ly we l l , w a s obv ious l y an essent ia l 
e lement of the s u c c e s s of the p ro ton -an t i p ro ton project, for wh ich > 
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W AND Z DISCOVERY 

The UA1 detector, shown here in its "garage" position, was a 
multi-purpose detector. It covered as large a solid angle as 
possible and could detect hadron jets, electrons and muons. 

J o h n A d a m s has to be c red i ted . It is a lso t rue tha t he f o u n d it hard 
to s w a l l o w tha t his n e w b o r n b a b y s h o u l d be t inkered wi th at s u c h a 
y o u n g age and tu rned into a col l ider that had only a smal l c h a n c e of 
work ing . Th i s w a s i ndeed the fee l ing of t he vas t major i ty of m a c h i n e 
expe r t s at t he t ime , a n d m u c h of Car lo R u b b i a ' s mer i t is tha t he 
p u s h e d his ideas for t he p r o t o n - a n t i p r o t o n col l ider wi th an unt i r ing 
de te rm ina t i on in s u c h an a d v e r s e c l imate . I n d e e d , he p u s h e d not 
on l y w i th d e t e r m i n a t i o n but a l so w i th a c lea r v i s i on of w h a t his 
p r o p o s a l s w o u l d lead to , a n d w i th a d e e p u n d e r s t a n d i n g of t he 
m a c h i n e - p h y s i c s i ssues at s take . 

A t h r e a t f r o m F e r m i l a b 
A n o t h e r a r g u m e n t a lso m a d e it poss ib le for the p r o t o n - a n t i p r o t o n 
pro ject to b reak the LEP t a b o o . If C E R N did not buy Car lo ' s i dea , it 
w a s m o s t l ikely tha t he w o u l d sel l it to Fe rm i l ab . T h i s t h rea t w a s 
c lear and had a great deal of we igh t w h e n the dec is ion w a s m a d e at 
C E R N . Desp i t e the fac t tha t t h e F e r m i l a b m a c h i n e w a s no t per
f o rm ing wel l e n o u g h at t he t ime to be u s e d as a p r o t o n - a n t i p r o t o n 
co l l ider , t he th rea t v e r y e f fec t i ve ly a c c e l e r a t e d the we l l k n o w n 
s e q u e n c e of e v e n t s tha t f o l l o w e d t he pub l i ca t ion in 1976 of the 
p a p e r by Car lo R u b b i a , Peter Mc ln ty re a n d Dav id Cl ine. In 1977 , 
af ter t he p roposa l had b e e n m a d e to C E R N a n d Ferm i lab to pro
d u c e the W a n d Z w i th ex is t ing m a c h i n e s , a feasib i l i ty s t u d y w a s 
unde r t aken by F ranco B o n a u d i , S i m o n V a n der Mee r a n d Berna rd 
P o p e tha t led to t he An t i p ro ton A c c u m u l a t o r ( A A ) d e s i g n . A t t he 
s a m e t ime a de tec to r s t udy w a s ini t iated unde r Car lo that led to the 
U A 1 d e s i g n , a n d the Initial Coo l ing E x p e r i m e n t ( I C E ) w a s p r o p o s e d 
to t he S P S C o m m i t t e e . T h e s u c c e s s of ICE w a s d e m o n s t r a t e d in 

J u n e 1978 a n d the app rova l f o r t h e U A 1 de tec to r fo l l owed i m m e d i 
ately. On ly six m o n t h s later U A 2 w a s a lso a p p r o v e d . 

I s t rongly be l ieve that if it had not been for Car lo , there wou ld have 
been no p r o t o n - a n t i p r o t o n col l ider phys i cs in the wor ld for a long 
t ime , m a y b e fo rever . W h e t h e r the w e a k b o s o n s w o u l d h a v e been 
d i scove red at L E P , at the S tan fo rd L inear Col l ider ( S L C ) , or at s o m e 
other col l ider is ano the r mat ter , but it w o u l d h a v e taken ano the r six 
yea rs at least. O n e might a rgue tha t six y e a r s is not real ly that long, 
but the top quark wou ld not have been d i scove red ei ther (o ther t han 
ind i rect ly f r o m rad ia t i ve co r rec t i ons at L E P ) , nor w o u l d w e h a v e 
learned f rom the v a s t a n d rich a m o u n t of s t rong and e lec t roweak 
phys i cs da ta tha t h a v e b e e n co l l ec ted at t he S P S a n d T e v a t r o n 
col l iders - not to men t ion the low-energy L E A R phys i cs , an t ihydro -
g e n , g lueba l ls , C P v io la t ion , ant ip ro ton ic he l ium a t o m s , etc. 

T h e i n f l u e n c e o f t h e C E R N I S R 
I w o u l d like to s a y a w o r d here a b o u t t he C E R N ISR a n d the sem ina l 
role tha t t h e y p layed in the s u c c e s s of t he p r o t o n - a n t i p r o t o n pro
jec t . T h e ISR w e r e t he w o r l d ' s f i rst h a d r o n col l ider . T h i s w a s t he 
m a c h i n e on w h i c h the y o u n g gene ra t i on of m a c h i n e phys ic is ts w h o 
d e s i g n e d , bui l t a n d o p e r a t e d t h e an t i p ro ton s o u r c e a n d t h e 
p r o t o n - a n t i p r o t o n col l ider ( a n d later o n , m a y b e to a lesser ex tent , 
LEP) ga ined their expe r i ence and their exper t ise . It w o r k e d superb ly , 
exceed ing its des ign goa ls in both e n e r g y a n d luminos i ty . It is t he 
m a c h i n e on w h i c h V a n der Mee r ' s ideas on s tochas t i c coo l ing w e r e 
tr ied f o r t h e first t ime , w h e r e they w e r e s tud ied and u n d e r s t o o d . It is 
a lso the m a c h i n e wi th w h i c h a genera t i on of phys ic is ts learned h o w 
to des ign e x p e r i m e n t s at h a d r o n co l l iders . 

W h e n the first ISR e x p e r i m e n t s w e r e be ing d e s i g n e d the s t rong 
in terac t ion w a s still a c o m p l e t e m y s t e r y ; w h e n t he m a c h i n e w a s 
f inal ly shu t d o w n Q C D w a s in p lace . I d o not m e a n to s a y tha t it is 
ISR phys i cs tha t has taugh t us a b o u t Q C D , but it con t r ibu ted to the 
d e v e l o p m e n t of s e v e r a l of its i deas . ISR p h y s i c s has h e l p e d us 
great ly in d raw ing a c lear p icture of had ron col l is ions, w i thou t w h i c h 
w e w o u l d not h a v e b e e n ab le to d e s i g n so e f fec t i ve ly t he U A 
e x p e r i m e n t s at C E R N , a n d C D F a n d DO at Fe rm i lab . W e , in U A 2 , 
w e r e part icu lar ly i ndeb ted to the ISR , w h e r e m a n y of us had prev i 
ous ly b e e n w o r k i n g and for w h o m th is expe r i ence w a s an essent ia l 
asse t in des ign ing a g o o d detec tor . 

I w o u l d a lso like to recal l t he ex t rao rd ina ry concen t ra t i on of out
s tand ing ta len ts tha t the p r o t o n - a n t i p r o t o n pro ject s u c c e e d e d in 
at tract ing. O n e reason w a s of cou rse tha t b e t w e e n the S P S and LEP 
pro jects - o n e c o m p l e t e d a n d the o the r as ye t unbo rn - its t im ing 
w a s in s o m e s e n s e ideal . But the o ther r eason , poss ib ly more impor
tant , w a s t h e c h a l l e n g i n g na tu re o f t h e pro jec t , w h i c h a t t rac ted 
ex t reme ly br ight eng inee rs a n d phys ic is ts , both m a c h i n e phys ic is ts 
and part ic le phys ic is ts . 

T h e c h a l l e n g e of d e s i g n i n g , c o n s t r u c t i n g a n d a s s e m b l i n g the 
ant iproton sou rce and detec tors , a n d of gett ing t h e m to work in s u c h 
a shor t t ime , w a s e n o r m o u s ; as w a s tha t of d igg ing a n d equ ipp ing 
the large expe r imen ta l hal ls requ i red for hous ing the n e w de tec to rs 
tha t had to be a l te rna te ly rol led in a n d ou t b e t w e e n col l ider a n d 
f ixed ta rge t pe r i ods ; a n d tha t of t r a n s f o r m i n g the S P S into a co l 
lider. T h e a m o u n t of ingenui ty that w e n t into all t hese a c h i e v e m e n t s 
w a s t ru ly ou ts tand ing . 
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My bes t m e m o r y of t h o s e t i m e s m a y i ndeed be the g o o d fo r tune 
I had to wo rk wi th so m a n y ta len ts , a n d , in the c a s e of U A 2 , to en joy 
co l labora t ing wi th s u c h br ight c o l l e a g u e s , sen io r phys ic i s t s , post-
d o c s , s t uden t s or phys ic i s ts of t he s a m e gene ra t i on as m i n e . 

T h e U A 1 / U A 2 c o m p e t i t i o n 
T h e c o m p e t i t i o n b e t w e e n U A 1 a n d U A 2 w a s real a n d l ive ly , bu t 
relat ively un impor tan t ; it w a s m o r e a k ind of g a m e , a n d w e had a lot 
of fun p lay ing it. T h e r e w a s no d o u b t tha t Car lo w a s the k ing of t he 
p ro ton -an t i p ro ton k i ngdom a n d w a s recogn ized as such by all of us. 
U n d o u b t e d l y , he w o u l d h a v e had to t ake the b l a m e if t he p r o t o n -
an t ip ro ton pro ject had b e e n a fa i lu re , but as it t u rned ou t to be a 
s u c c e s s he d e s e r v e d to t ake t he f a m e . 

Pe rsona l l y , I had b e e n w o r k i n g in Ca r lo ' s g r o u p for s ix y e a r s or 
s o , mos t l y on K phys i cs . I h a d j o i n e d h im as a p o s t d o c in the m id -
1960s , c o m i n g f r o m nuc lea r p h y s i c s , a n d I had lea rned f r om h im 
t h e bas i s of e x p e r i m e n t a l par t i c le p h y s i c s . I h a d a l w a y s b e e n 
imp ressed by his br igh tness , by the read iness of his m ind a n d by his 
fa r - reach ing v i s i o n ; a n d I r e s p e c t e d h i m , as I d o t o d a y , a s s o m e o n e 
of a c lear ly ou t s tand ing s ta tu re . T o respec t h im as the k ing did not 
m e a n to be long to his cour t , h o w e v e r , a n d w e in U A 2 w e r e par t icu
larly keen on f ind ing o c c a s i o n s w h e n w e cou ld p roc la im that : " T h e 
k ing w a s n a k e d . " S u c h o c c a s i o n s w e r e v e r y rare - t h e k ing w a s 
usua l l y d r e s s e d sp lend id l y - s o t h e y w e r e all t he m o r e e n j o y a b l e . 

T h e des ign of the U A 2 detec tor w a s a s u c c e s s and its const ruc t ion 
a n d running- in w e n t ex t reme ly s m o o t h l y . W e w e r e rightly p roud of it. 
For on ly one- th i rd the cos t of U A 1 - a cond i t ion of our a p p r o v a l w a s 
tha t U A 2 ' s cos t shou ld be s igni f icant ly lower - w e m a n a g e d to bui ld 
a de tec to r tha t w a s ready o n t i m e , tha t s a w the W a n d Z as s o o n as 
the col l ider luminos i t y m a d e it poss ib le ( a n d at the s a m e t ime as 
U A 1 d i d ) , that m e a s u r e d the W a n d Z m a s s e s m o r e accu ra te l y t han 
U A 1 , a n d tha t w a s be t te r t h a n U A 1 at d e t e c t i n g a n d m e a s u r i n g 
had ron je ts . It w a s eas ie r to des ign U A 2 t h a n U A 1 b e c a u s e U A 2 did 
not h a v e to be a mu l t i -pu rpose de tec to r a n d cou ld af ford s imp l y to 
ignore s o m e of the phys i cs , in part icular to be bl ind to m u o n s . Wh i le 
t he ma in asse t of t he U A 1 de tec to r w a s its cent ra l de tec to r , tha t of 
U A 2 w a s its ca lo r imet ry . 

O n e diff iculty in the des ign p rocess had been judg ing h o w wel l the 
m a c h i n e w o u l d p e r f o r m , h o w long it w o u l d t ake to get go ing , a n d 
h o w n o i s y a n d hos t i le a n e x p e r i m e n t a l e n v i r o n m e n t h a d to be 
e x p e c t e d . S a m T i n g ' s de tec to r ( w h i c h w a s u l t imate ly not a p p r o v e d ) 
cou ld h a v e run in a lmos t a n y b a c k g r o u n d cond i t ions , but cou ld on ly 
s e e m u o n s ; the UA1 centra l de tec to r requ i red v e r y c lean cond i t ions ; 
U A 2 w a s s o m e w h e r e in b e t w e e n . 

E x p e c t a t i o n s e x c e e d e d 
T h e co l l ider t u r n e d ou t to be a n e x c e e d i n g l y c l e a n m a c h i n e a n d 
w e h a d g r o s s l y u n d e r e s t i m a t e d h o w fas t its l u m i n o s i t y w o u l d 
i n c r e a s e . In pa r t i cu la r w e h a d left a n o p e n w e d g e in o u r ca lor 
imeter , i n s t r u m e n t e d w i th a m a g n e t i c s p e c t r o m e t e r , to d o qu ie t ly 
( s o w e t h o u g h t ) s o m e e x p l o r a t o r y m e a s u r e m e n t s w h i l e t h e 
m a c h i n e w a s be ing t u n e d a n d run in . T h e w e d g e did no t s tay o p e n 
v e r y long, for t he p e r f o r m a n c e of t h e m a c h i n e p r o g r e s s e d at h igh 
s p e e d , a n d w e w e r e ab le to tack le t he f irst h igh- luminos i t y run w i th 
full ca lo r imet r i c c o v e r a g e . 

The main asset of the UA1 detector was a large-volume, 
high-resolution central tracking detector, which was made 
according to an original and high-performance design. 

The UA2 detector had a more limited scope than the UA1 
detector: it could detect electrons but not muons, it focused on 
the central rapidity region, and it could not measure particle 
charges except for limited regions where the W decay 
asymmetry was maximal. But what it could do it did better than 
UA1. It provided the most accurate measurements of the W 
and Z masses and had excellent jet-detection capability. 

I do not w i sh to repeat here the oft-told stor ies abou t the first s e m 
inars a n d the first pub l i ca t ions repor t ing the U A 1 a n d U A 2 d i scov 
er ies of t he w e a k b o s o n s (CERN Courier May 2 0 0 3 p 2 6 ) , but I w i s h 
to c o m m e n t o n h o w w e p e r c e i v e d t h e s e e v e n t s . A s I h a v e a l ready 
s a i d , w e w e r e all e x p e c t i n g to s e e t h e w e a k b o s o n s , w e h a d no 
compe t i t i on to fea r f r o m o ther labora to r ies a n d the re w a s no q u e s 
t ion of U A 2 " s c o o p i n g " U A 1 in t he s e n s e of s tea l ing a Nobe l pr ize or 
w h a t e v e r . T h e r e w a s no d o u b t in o u r m i n d s t ha t Car lo a n d of 
cou rse S i m o n d e s e r v e d the w h o l e cred i t for t he s u c c e s s . T h e real 
ou t s tand ing a c h i e v e m e n t w a s t he production of the w e a k b o s o n s , 
not their de tec t ion . W i t hou t Car lo a n d S i m o n there w o u l d h a v e been 
no p r o t o n - a n t i p r o t o n co l l ider , bu t w i t h o u t U A 1 a n d U A 2 t h e r e > 
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W AND Z DISCOVERY 

w o u l d h a v e been o ther expe r imen ts tha t w o u l d undoub ted l y h a v e 

done as good a j ob . T h e s u c c e s s of U A 2 w a s largely due to the qua l 

ity of the m a n y phys ic is ts w h o had w o r k e d toge the r v e r y eff ic ient ly, 

wi th an exce l len t t e a m spirit, a n d it w a s imposs ib le to s ingle out a 

f ew of t h e m as dese rv ing a larger part of t he credit . 

Of course there w a s compet i t i on ; w e en joyed be ing faster or more 

c lever t han UA1 w h e n e v e r w e cou ld af ford to be , as w h e n w e w e r e 

first at repor t ing to the 1982 Paris C o n f e r e n c e the observa t ion of 

ve ry c lear hadron je ts , a b reak th rough in the history of s t rong inter

act ion phys ics . But this w a s not the d i sh , it w a s jus t the sp ices . T h e 

dish w a s ser ious bus iness . It w a s report ing to the phys ics commun i t y 

w h a t w e had b e e n f ind ing. It w a s wr i t ing p a p e r s tha t w o u l d s t a y 

fo rever as impor tan t d o c u m e n t s in the h is tory of sc ience . 

In retrospect I a m proud w e resisted the pressure that w a s exer ted 

on us to publ ish faster than w e thought w e had to. It wou ld have been 

s tup id and chi ld ish to g ive in, and w o u l d not h a v e s h o w n m u c h 

respect for sc ience . In fact this pressure m a d e us a lmost over react 

a n d , in the case of the Z , it c a u s e d a de lay of near ly t w o m o n t h s 

be tween the UA1 and UA2 publ icat ions because w e preferred to wai t 

f o r the imminent new run and collect more statistics before publishing. 

The re w a s virtual ly no d issent ing opin ion in U A 2 that w e shou ld have 

behaved differently - w e all felt quite strongly about it. In particular the 

wiser and more exper ienced members of the col laboration (I mean the 

generat ion before m ine ) gave their full suppor t to this line. 

It is obv ious t o d a y that the re w o u l d h a v e been no point in mak ing 

a fuss abou t an even t de tec ted in 1982 that w a s mos t likely a Z , but 

one of its d e c a y e lec t rons w a s not ident i f ied b e c a u s e it hit a coil of 

our fo rward spec t r ome te r m a g n e t s . W e w e r e w i se to wai t for m o r e 

stat ist ics before pub l ish ing the Z resul ts . T h e issue at s take w a s not 

to bet on the t ru th , but to b e h a v e as if w e w e r e the only exper imen t . 

Sc ient is ts of m y genera t ion are v e r y fo r tuna te to h a v e w i t n e s s e d 

s u c h a m a z i n g p rog ress in ou r u n d e r s t a n d i n g of na tu re , in p h a s e 

wi th our o w n scient i f ic life. It is r emarkab le tha t th is has not on ly 

been the case in part ic le phys i cs but a l so , a n d m a y b e to an e v e n 

greater ex tent , in a s t r o n o m y a n d life s c i e n c e s . Wh i l e m a n y q u e s 

t ions rema in u n a n s w e r e d in e a c h of t h e s e th ree f ie lds, none can be 

put as ide a n y longer as be ing a m y s t e r y inaccess ib le to s c i e n c e . 

Ou r v is ion of the wor ld has c h a n g e d dramat ica l l y . Hav ing had an 

oppor tun i ty to cont r ibute to th is p rogress , h o w e v e r m o d e s t our c o n 

tr ibut ion m a y have b e e n , is v e r y g o o d fo r tune . May sc i ence be smi l 

ing on the next genera t ion as k indly as it d id on us, wi th the new 

phys ics that the L H C will s o o n revea l . 

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

Apar t f r o m the N o b e l l ec tu res of R u b b i a a n d V a n de r M e e r ( s e e 

w w w . n o b e l . s e / p h y s i c s / l a u r e a t e s / 1 9 8 4 ) , the interested reader m a y 

consu l t a list of re levant re fe rences in J o h n Kr ige, History of CERN, 

v o l u m e III, chap te r 6 (E lsev ie r , A m s t e r d a m , 1996) . 

• Th is article is based on a talk g iven at the s y m p o s i u m held at 

C E R N in S e p t e m b e r 2 0 0 3 , " 1973 : neutral currents, 1983: W 1 and 

Z° bosons . T h e ann iversary of C E R N ' s d iscover ies and a look into the 

future." T h e full p roceed ings will be pub l ished as v o l u m e 34 issue 1 

of The European Physical Journal C. Ha rdback ISBN 3 5 4 0 2 0 7 5 0 3 . 

Pierre Darriulat. 
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COLLIDER PHYSICS 

Bringing the heavens 
down to Earth 

Recent developments and discoveries in astrophysics, particle physics and cosmology 
are creating an increasing synergy between astroparticle physics and particle physics at 

accelerators, as Nikolaos Mavromatos and James Pinfold-explain. 

A s a n n o u n c e d a y e a r ago n o w , the 
Wi lk inson Microwave Anisot ropy Probe 
( W M A P ) has measured anisotropies in 
the c o s m i c m i c r o w a v e b a c k g r o u n d 
radiat ion to an unp receden ted a c c u 
racy of 1 0 " 9 K . T h e vas t l y i m p r o v e d 
prec is ion of t h e s e da ta , c o m p a r e d 
with the g roundbreak ing results of the 
ear l ier C o s m i c B a c k g r o u n d Exp lo re r 
( C O B E ) satel l i te, is c lear ly s h o w n in 
f igure 1. Th is is open ing up a new era 
for astropart ic le phys ics , as the a c c u 
racy of the W M A P data has a l lowed a 
de te rm ina t ion of cosmo log i ca l para 
meters that are of re levance to parti
cle physic is ts. Speci f ical ly, data f rom 
W M A P have signi f icant ly cons t ra ined 
the dark-mat te r con ten t of t he uni 
v e r s e . Th i s in turn s t rong ly impl ies 
m o d e l - d e p e n d e n t and s t r ingent c o n 
straints on mode ls in particle phys ics , 
especia l ly in min imal s u p e r s y m m e t r y . 
In addi t ion, the current ev idence for an 
acce lera t ing un iverse has revea led a 
mass i ve c o m p o n e n t of "dark ene rgy " 

in the total energy of the un iverse. O n e can imagine a pie graph show
ing the b reakdown of the energy budget of the c o s m o s : 4% ord inary 
matter, 2 3 % dark mat ter and 7 3 % dark energy . 

O the r e x a m p l e s of the in terp lay b e t w e e n acce le ra to r phys i cs and 
as t ropar t i c le p h y s i c s a re p r o v i d e d by the fo l l ow ing a r e a s : ext ra 
d i m e n s i o n s and min i -b lack-hole p roduc t i on ; neut r ino osc i l la t ions; 
e l e c t r o w e a k b a r y o g e n e s i s ; da rk ma t te r cons i s t i ng of t he l ightest 
supe rsymmet r i c part icle ( L S P ) ; magne t i c m o n o p o l e p roduc t ion ; and 
u l t ra-h igh-energy c o s m i c rays ( U H E C R ) . 

T h e n e w col l ider e x p e r i m e n t s , in par t icu lar at the Large Had ron 
Col l ider ( L H C ) at C E R N , offer the un ique possibi l i ty of explo i t ing the 
s igni f icant l inks be tween as t rophys i cs and part icle phys ics . Impor-

Fig. 1. Sky maps from the COBE (top) and WMAP 
satellites show the vastly increased precision of 
the WMAP data, which reveals temperature 
fluctuations that vary by only millionths of a degree. 
(Courtesy of http://map.gsfc.nasa.gov.) 

tant ly , t he re are s o m e as t rophys ica l 
s c e n a r i o s tha t can be tes ted dec i 
s i ve l y at h igh -ene rgy co l l iders . In 
other c a s e s input f rom col l ider exper
iments is requi red to sha rpen predic
t ions for fu ture ast ropar t ic le phys i cs 
e x p e r i m e n t s , for e x a m p l e : t he L S P 
detec t ion rate, the U H E C R s p e c t r u m 
in " t o p - d o w n " mode ls , and the under
s tand ing of very-h igh-energy hadron ic 
interact ions. Al ternat ively, cosmic- ray 
a s t r o p h y s i c s m a y point the w a y to 
new phys i cs at acce lera tors . 

In t heo r ies wi th large extra d i m e n 
s ions at sub-mi l l imetre d is tances , for 
e x a m p l e , a n d / o r high energ ies of the 
o rde r of I T e V or m o r e , g rav i ty m a y 
b e c o m e a s t rong fo rce . T h u s , h y p o -
thet ica l ly , the ene rgy requi red to pro
d u c e b lack ho les is wel l w i th in t h e 
range of the L H C , mak ing it a "b lack-
ho le f a c t o r y " . A s S t e p h e n H a w k i n g 
has taugh t us, t hese mini b lack ho les 
w o u l d be ex t reme ly hot little ob jec ts 
tha t w o u l d d iss ipate all their ene rgy 

ve ry rapid ly by emi t t ing radiat ion a n d part ic les before t hey w ink out 
of ex i s tence . T h e proper t ies of thé H a w k i n g radiat ion cou ld tell us 
abou t the proper t ies of the extra spat ia l d imens ions , a l though there 
are still unce r ta in t i es in t he t h e o r y at th is s t a g e . N e v e r t h e l e s s , 
astropart ic le and col l ider exper imen ts shou ld prov ide useful input to 
the theoret ical wo rk in this a rea . I ndeed , the s ignatures are expec ted 
to be spec tacu la r , wi th v e r y high mult ipl ic i ty even ts and a large frac
t ion of the b e a m ene rgy c o n v e r t e d into t r ansve rse ene rgy , mos t l y in 
the fo rm of q u a r k s / g l u o n s Gets) a n d leptons, wi th a product ion rate 
at the LHC rising as high as 1 Hz. A n examp le of w h a t a typical black-
hole even t wou ld look like in the A T L A S detector is s h o w n in f igure 2 . 

If min i b lack ho les c a n be p r o d u c e d in h igh -ene rgy particle > 
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COLLIDER PHYSICS 

Fig. 2. Image showing how an 8 TeV black hole might look 
in the ATLAS detector (with the caveat that there are still 
uncertainties in the theoretical calculations). 

in terac t ions, t hey m a y first be o b s e r v e d in h igh-energy cosmic - ray 
neu t r i no in te rac t ions in the a t m o s p h e r e . J o n a t h a n F e n g of t he 
Un ivers i ty of Cal i forn ia at Irvine a n d MIT, a n d Al f red S h a p e r e of the 
Un ivers i t y of K e n t u c k y h a v e ca lcu la ted tha t t he A u g e r cosm ic - ray 
obse rva to r y , wh i ch will c o m b i n e a 6 0 0 0 k m 2 e x t e n d e d a i r -shower 
ar ray backed up by f l uo rescence de tec to rs t ra ined on the sky , cou ld 
record tens to hund reds of s h o w e r s f rom b lack ho les before the LHC 
tu rns on in 2 0 0 7 . 

C r o s s i n g t h e d i v i d e 
Neut r ino as t rophys ics has a lso p rov ided us wi th exci t ing n e w results 
on neu t r ino m a s s e s a n d has o p e n e d up a n o t h e r a rea of s y n e r g y 
be tween particle phys ics , as t rophys ics and cosmo logy . T h e S u d b u r y 
Neut r ino Observa to ry and S u p e r - K a m i o k a n d e detec tors have s h o w n 
tha t neu t r inos osci l la te into o ther f l avou rs . T h e resul t is f ina l : the 
min ima l S tanda rd Mode l is d e a d , as it p red ic ted van i sh ing neut r ino 
m a s s e s and t hus separa te l y c o n s e r v e d lepton n u m b e r s . T h i s is an 
ex i s tence proof that as t ropar t i c le -phys ics expe r imen ts can i ndeed 
p r o d u c e resu l ts tha t h a v e a f u n d a m e n t a l i m p a c t on acce le ra to r -
b a s e d part ic le phys i cs . 

A n o t h e r a rea w i th impo r tan t c o s m o l o g i c a l imp l i ca t ions is t he 
v io la t ion of d iscre te s y m m e t r i e s C ( c h a r g e ) , P (pa r i t y ) a n d T ( t i m e 
reversa l ) , and their comb ina t ion CPT, wh i ch m a y be v io la ted in s o m e 
m o d e l s of q u a n t u m gravi ty . S u c h issues are assoc ia ted wi th exp la
na t ions of the o b s e r v e d m a t t e r - a n t i m a t t e r a s y m m e t r y in the cos
m o s . Neut r ino factor ies cou ld p rov ide a n s w e r s to s u c h f u n d a m e n t a l 
ques t ions . T h e r e is a lso the possibi l i ty for direct detect ion of mass ive 
isosinglet neutr inos at the LHC, the ex is tence of wh ich wou ld have an 
impor tan t as t rophys ica l impact . No doub t the syne rgy be tween neu 
tr ino astropart ic le phys i cs and acce le ra to r -based neut r ino phys ics 
will con t inue to y ie ld possibi l i t ies for m o r e vital ins ights. 

T h e cur rent genera t ion of co l l ider e x p e r i m e n t s a n d in par t icu lar 
t he L H C project at C E R N offer the un ique possibi l i ty to per fo rm pre
c ise m e a s u r e m e n t s of t he p roper t ies of t he had ron i c in te rac t ion . 
T h e mot i va t ion is tha t v e r y - h i g h - e n e r g y par t ic les wil l h a v e cent ra l 

Fig. 3. The cosmic-ray energy spectrum showing the cosmic-ray 
energy equivalent to the centre-of-mass energy of currently 
operating and planned colliders. (Courtesy of R Engel, Xth Blois 
Workshop on Elastic and Diffractive Scattering, July 2003.) 

impor tance in fu ture s tud ies of cosm ic - ray phys i cs . M e a s u r e m e n t s 
that are poss ib le on ly at the L H C will h a v e the potent ia l to imp rove 
s igni f icant ly the qual i ty of m e a s u r e m e n t s of cosmic - ray air s h o w e r s 
both in the " k n e e " region and especia l ly for the ve ry h ighest energ ies 
at the " a n k l e " a n d b e y o n d ( s e e f igure 3 ) . T h e T e v a t r o n col l ider at 
Fe rm i l ab p r o v i d e s h a d r o n co l l i s ions at a cen t re -o f -mass e n e r g y 
a p p r o a c h i n g 2 T e V , w h i c h is e q u i v a l e n t to a c o s m i c ray w i th an 
ene rgy of a b o u t 2 P e V ( 2 0 0 0 T e V ) co l l id ing wi th a s ta t ionary pro
t o n . B r o o k h a v e n ' s Re la t iv is t ic H e a v y Ion Co l l ide r us ing n i t rogen 
b e a m s prov ides energ ies equ iva len t to that of a 5 x 1 0 1 4 eV ni t rogen 
nuc leus inc ident on the a t m o s p h e r e . T h e L H C will p rov ide energ ies 
equ i va len t to rough ly 1 0 1 7 e V inc ident on a s ta t ionary p ro ton . A s 
can be s e e n f rom f igure 3, t hese m a c h i n e s cove r s o m e of the impor
tant fea tu res of the cosmic - ray ene rgy s p e c t r u m . It is wor th not ing 
that the energy f low in cosmic- ray air s h o w e r s is within a few degrees 
of the inc ident part ic le - in ef fect t he " b e a m l i n e " - so it is vital tha t 
the LHC de tec to rs h a v e a d e q u a t e f o rward de tec to r s y s t e m s . 

N e w p h y s i c s 
O v e r the y e a r s cosmic - ray e x p e r i m e n t s h a v e repor ted a remarkab le 
s p e c t r u m of a n o m a l i e s , o b s e r v e d at reg ions of pseudo- rap id i ty out
s ide the range of ex is t ing a c c e l e r a t o r o b s e r v a t i o n s . T h e c lass of 
inc lus ive p h e n o m e n a inc lude a n o m a l o u s e x a m p l e s of m e a n f ree 
path or long f ly ing c o m p o n e n t , h e a v y f l avour p roduc t ion , a t tenua
t ion of s e c o n d a r y had rons , a n d the ene rgy f ract ion of air s h o w e r s in 
e m u l s i o n - c h a m b e r fami l ies . T h e r e are a lso a n o m a l o u s ind iv idua l 
exot ic e v e n t s , w h i c h con ta in u n e x p e c t e d f ea tu res : C e n t a u r o a n d 
ant i -Centauro e v e n t s ; Ch i rons a n d halo e v e n t s ; and m u o n bund les . 
Wh i le t h e s e a n o m a l i e s cou ld be d u e to " u n r e c o g n i z e d " S t a n d a r d 
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Mode l phys i cs or an incorrect in terpretat ion of the m e a s u r e m e n t s , 
t hey could a lso be harb ingers of new phys ics that wou ld be mani fest 
at t he LHC a n d o ther fu ture co l l iders. In 1971 K N i u a n d co -worke rs 
a t T o k y o Un ive rs i t y , us ing b a l l o o n - b o r n e e m u l s i o n c h a m b e r s , 
repor ted e v i d e n c e for d e c a y i n g h a d r o n s w i th unusua l p roper t ies . 
A f te r t he d i s c o v e r y o f c h a r m in 1 9 7 4 , T o m G a i s s e r a n d F ranc is 
Ha lzen s h o w e d tha t t he par t ic les w e r e in fac t D - m e s o n s ; by then 
acce le ra to r e x p e r i m e n t s h a d c o n f i r m e d N iu ' s m e a s u r e m e n t s of 
m a s s , l i fet imes and o ther p roper t ies . 

Ano the r recent examp le of the use of t imely astropart ic le exper i 
men ts to gu ide our search for new phys ics at future col l iders is pro
v ided by the deve lopment of new detectors such as the satell i te-based 
G a s e o u s Ant ipart ic le Spec t rometer . P roposed to search for cosmic 
antimatter, this could also probe for supersymmet r ic dark matter up to 
a neutral ino m a s s of approx imate ly 4 0 0 G e V . Th is wou ld ex tend the 
range of immed ia te fu ture terrestr ia l d i rect dark-mat te r s e a r c h e s 
s u c h as the G E N I U S ( g e r m a n i u m detec tors in l iquid ni t rogen in an 
underg round se tup) exper iment at the Gran S a s s o Laboratory. 

T h e LHC will m a k e ava i lab le large unde rg round de tec to rs such as 
A T L A S and C M S wi th an u n p r e c e d e n t e d area of f ine-gra ined detec
to rs a n d magne t i c f ie ld v o l u m e . Fo l low ing in the foo t s teps of t he 
C O S M O L E P exper imen t at C E R N ' s Large Elect ron Posi t ron col l ider, 
t hese detec tors cou ld be used to de te rm ine prec ise ly the direct ion 
and m o m e n t u m of large n u m b e r s of penet ra t ing cosmic - ray t racks 
wi th in a ve ry smal l a rea . O n e b e n c h m a r k cosmic - ray p h e n o m e n o n 
that can be s tud ied is that of m u o n bund les , and ano ther c lass of 
p h e n o m e n a that can be s tud ied in this w a y are upward -go ing s h o w 
ers, p resumab l y f rom h igh-energy neut r ino interact ions in the Ear th . 
In pr inciple, tr igger rates f rom the cosmic- ray p h e n o m e n a men t ioned 
a b o v e are low e n o u g h that t hey can be run in con junc t ion wi th s tan
da rd t r igger m e n u s . In th is w a y co l l i de r -phys ics e x p e r i m e n t s can 
m a k e a direct contr ibut ion to ast ropar t ic le-phys ics exper imen ta t ion . 

In the " n o m a n ' s l a n d " jus t b e y o n d the f ront iers of our k n o w l e d g e 
no th ing is cer ta in , a n d mos t of t he recent d i scover ies , w h i c h mus t 
of ten be interpreted in a m o d e l - d e p e n d e n t w a y , are sub jec t to inter
pretat ion a n d deba te . For i ns tance , t he e v i d e n c e for a dark -energy 
con ten t of the un i ve rse , its or igin a n d prec ise nature ( i .e. is it a cos-
mo log ica l cons tan t , a q u i n t e s s e n c e f ield or s o m e t h i n g e l s e ? ) , the 
na tu re of dark mat ter , t he na tu re of t he U H E C R , the ex i s tence of 
s u p e r s y m m e t r y or o the r n e w p h y s i c s , t he poss ib i l i ty for t he exis
t e n c e of large extra d i m e n s i o n s , e tc , a re i ssues tha t a re still not 
reso l ved . T h e syne rg ies b e t w e e n part ic le phys i cs , as t rophys i cs and 
c o s m o l o g y in the next 10 y e a r s s h o u l d ampl i f y our abi l i ty to m a k e 
fas ter a n d d e e p e r in roads in all of t h e s e a reas . T h e r e is no doub t 
tha t a n e w front ier for fruitful co l labora t ion is n o w before us . 

F u r t h e r r e a d i n g 
A w e b s i t e tha t p r o v i d e s on l ine r e s o u r c e s for t h o s e exp lo r i ng the 
c o m m o n issues of col l ider phys i cs ( b a s e d on the A T L A S de tec to r ) 
a n d as t ropar t i c le p h y s i c s h a s b e e n c r e a t e d at h t t p : / / c s r . p h y s . 
u a l b e r t a . c a / a s t r o A T L A S / i n d e x . h t m . Mos t of the re fe rences used to 
p repare th is art icle can be f o u n d on the si te. 

N i k o l a o s M a v r o m a t o s , King's College London, and J a m e s 
P i n f o l d , University of Alberta. 
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The SIGHAD03 workshop in Pisa considered the challenges presented by 
different sources of low-energy hadronic cross-section data. 

The SIGHAD03 workshop, held In the Italian city of Pisa 

last October, attracted around 60 participants. 

C a n da ta on hadron ic c ross -sec t ions f r om e + e " ann ih i la t ions and 

x d e c a y s be reconc i led? Th i s w a s o n e of the ma in top ics d i s c u s s e d 

at t h e W o r k s h o p on H a d r o n i c C r o s s S e c t i o n at Low E n e r g y -

S I G H A D 0 3 - wh i ch w a s held in P isa , Italy, on 8 - 1 0 O c t o b e r 2 0 0 3 , 

a n d a t t ended by abou t 60 par t ic ipants f r om a var ie ty of count r ies . 

Desp i te its wel l k n o w n s u c c e s s e s , t he S t a n d a r d Mode l still has a 

n u m b e r of w e a k n e s s e s , o n e of t h e m be ing t he p red ic t ion o f t he 

a n o m a l o u s m a g n e t i c m o m e n t of t he m u o n , a M . Par t i c ipan ts at 

S I G H A D 0 3 heard the w h o l e s to ry f rom the ma in p ro tagon is ts : f r om 

the p ioneer ing exper imen ta l w o r k carr ied out m o r e than 4 0 y e a r s 

a g o , w h i c h w a s n icely s u m m a r i z e d by Franc is Far ley of Y a l e , to the 

i m p r e s s i v e a c c u r a c y r e a c h e d in recen t y e a r s on both t he expe r i 

men ta l and theoret ica l s ides . 

T h e ma in issue, howeve r , still c o n c e r n s the eva luat ion of hadron ic 

con t r i bu t i ons to a M b e l o w 2 G e V . T h e s e c a n n o t be ca l cu l a ted by 

per turbat ive q u a n t u m c h r o m o d y n a m i c s , a n d so rely a lmos t ent i re ly 

on da ta . In the 1990s da ta f r o m had ron i c d e c a y s of the x ( f rom 

t h e A L E P H e x p e r i m e n t ) w e r e u s e d to a d d in fo rmat ion to tha t 

ob ta ined direct ly f rom e l e c t r o n - p o s i t r o n annih i la t ions. Th is m e t h o d 

- w h i c h w a s p ionee red by Miche l Dav ie r of O r s a y and p resen ted 

by h im at t he w o r k s h o p - a l l o w e d a subs tan t i a l i m p r o v e m e n t in 

t h e theo re t i ca l e v a l u a t i o n of a M . In t he m e a n t i m e , t he C M D - 2 

exper imen t at the V E P P - 2 M col l ider comp lex in Novos ib i rsk w a s able 

to i m p r o v e the m e a s u r e m e n t of t he t w o - p i o n ann ih i l a t i on c ross -

sec t i on ( l ead ing to a 0.6% s y s t e m a t i c e r ro r ) , a n d both t he O P A L 

Fig. 1. Graph showing a comparison of the jt+jt spectral 

functions from e+e~ annihilations and isospin-breaking 

corrected data from hadronicx decays. 

and C L E O expe r imen ts c a m e up wi th i n d e p e n d e n t m e a s u r e m e n t s 

of the T spec t ra l f unc t ion . 

T h e s e i m p r o v e m e n t s led to a c o m p a r i s o n b e t w e e n the J T V " 

spect ra l f unc t ions f rom e + e ~ a n d x da ta . H o w e v e r , after inc lud ing 

isospin-v io lat ing ef fects , the re is still a d i s c r e p a n c y of the o rder of 

10 to 15% a b o v e the p r e s o n a n c e ( s e e f igure 1). T h e origin of th is 

d i sc repancy , a n d m o r e genera l l y the resul ts of the eva lua t ion of a M 

us ing d i f ferent a p p r o a c h e s , w a s t he cent ra l t h e m e of o n e of t he 

sess ions at the w o r k s h o p . W h e t h e r it is d u e to a miss ing cor rect ion 

in t heo ry ( the d i f fe rence in m a s s a n d w id th b e t w e e n the cha rged 

and neutral p m e s o n s , as d i scussed by Dav ie r and Fred Jege r l ehne r 

of D E S Y ) or w h e t h e r it lies in the da ta , is still con t rovers ia l . 

S I G H A D 0 3 a lso heard a b o u t the s ta tus of and the p rospec ts for 

ex is t ing a n d p l a n n e d co l l iders . W i th i n a f e w y e a r s , u p g r a d e s of 

e l e c t r o n - p o s i t r o n col l iders in Bei j ing ( B E P C I I / B E S I I I ) , Novos ib i rsk 

( V E P P - 2 0 0 0 ) , F rascat i ( D A F N E - 2 ) a n d Corne l l ( C L E O - C ) s h o u l d 

b e c o m e opera t i ona l a n d t he re fo re p rov i de n e w d a t a . Resu l t s on 

x spec t ra f r o m B-factor ies a re a lso e x p e c t e d ; i n d e e d , t he first 

resul ts f r o m the Bel le co l l abo ra t i on at K E K - B in J a p a n w e r e pre

sen ted at the w o r k s h o p . 

A n i m p r o v e m e n t in t he cu r ren t s i tua t ion wil l s o o n c o m e f r o m 

exis t ing m e s o n fac to r ies , w i th the K L O E , B a B a r and Bel le exper i 

m e n t s . He re t he use of t he initial s ta te rad ia t ion p r o c e s s ( I S R ) , 

as recent ly p r o p o s e d by the g r o u p of J o h a n n Kùhn in Kar l s ruhe , 

a l l ows the w h o l e ava i l ab le e n e r g y r a n g e to be s c a n n e d wh i le 
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work ing at a f ixed energy . In part icular , the K L O E co l labora t ion at 
the D A F N E cp-factory in Frascat i p resen ted resul ts on the hadron ic 
c ross-sec t ion be low the cp peak , w h i c h agree wi th the Novos ib i r sk 
e + e " data and thus conf i rm the 2 a d i sc repancy with the x a p p r o a c h . 
Pre l im inary data w e r e a lso p r e s e n t e d by the BaBar co l labora t ion 
(at S L A C ) , s h o w i n g the feasib i l i ty of the ISR m e t h o d at B-factor ies, 
w h e r e there is the a d v a n t a g e tha t a m u c h w ide r ene rgy range can 
be c o v e r e d . R e c e n t t heo re t i ca l d e v e l o p m e n t s on ISR w e r e a lso 
r e v i e w e d , a n d dur ing the w o r k s h o p a round tab le w a s o rgan i zed 
in o rder to d i scuss the s ta tus of rad ia t ive cor rec t ions for luminos i ty 
m e a s u r e m e n t s in an a t t e m p t to p r o v i d e a un i f ied p ic tu re of 
t he cur ren t s i tuat ion. 

Prec ise m e a s u r e m e n t s of R, the ratio of had ron ic to muon-pa i r 
c ross -sec t i ons in e V , at low e n e r g y h a v e a s t rong in f luence not 
on ly on the a n o m a l o u s magne t i c m o m e n t of the m u o n but a lso on 
the runn ing e lec t romagne t i c coup l i ng cons tan t , w h o s e uncer ta in ty 
l imits the p red ic t ion of t he H iggs m a s s . T h e m e a s u r e m e n t s a lso 
p rov ide a test of the per tu rba t ive b e h a v i o u r of the s t rong interac
t ion a n d of l ow-energy e f fec t ive f ield theo r ies . T h e runn ing of the 
e lec t romagne t i c and s t rong coup l i ng cons tan t s , a n d the de te rm i 
nat ion of c h a r m and bo t tom m a s s e s , are t w o e x a m p l e s tha t w e r e 
rev iewed at the w o r k s h o p , a n d w h o s e p rogress has benef i ted f rom 
the latest exper imen ta l resul ts f r om the e l e c t r o n - p o s i t r o n col l iders 
in Bei j ing ( B E S ) and Novos ib i rsk . 

Despite its successes, 
the Standard Model still 
has a number of 
weaknesses, one of 
them being the 
prediction of the 
anomalous magnetic 
moment of the muon, a 

In s u m m a r y , this w a s a shor t 
bu t v e r y i n tens ive w o r k s h o p . 
H o w e v e r , t he re w e r e a lso t w o 
m o m e n t s of re laxat ion , w i th a 
visi t to the Piazza dei Miracol i , 
w h e r e the lean ing t o w e r is 
l o c a t e d , a n d a de l i c ious d in 
ner in t he love ly anc i en t Vi l la 
T o s c a n a . Dur ing the d inner , 
S i m o n E i d e l m a n p r o p o s e d 
o rgan i z i ng the next w o r k s h o p 
in Novos ib i r sk t w o y e a r s f r o m 
now . By t h e n , new theore t ica l 

and exper imen ta l resul ts , e x p e c t e d in par t icu lar f rom the g-2 exper
imen t at B r o o k h a v e n , a s an t i c i pa ted by Lee Robe r t s ( a n d n o w 
re leased , s e e CERN Courier J a n u a r y / F e b r u a r y 2 0 0 4 p6 ) will clari fy 
w h e t h e r the d i s c r e p a n c y o b s e r v e d in a M will v a n i s h , or w h e t h e r it 
will r e m a i n , so requir ing n e w phys i cs . 

F u r t h e r r e a d i n g 
For more in fo rmat ion , s e e w w w . p i . i n f n . i t / c o n g r e s s i / s i g h a d 0 3 . 

M a r c o I n c a g l i and G r a z i a n o V e n a n z o n i INFN and 
University of Pisa. 
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Perspectives for nuclear-p 
The Nuclear Physics European Collaboration Committee's recently published long-rang 

In V i e n n a , Aus t r i a , in D e c e m b e r 2 0 0 1 the Nuc lea r Phys i cs E u r o p e a n 
Co l l abo ra t i on C o m m i t t e e ( N u P E C C ) s ta r ted to p r e p a r e a n e w long-
range p lan for nuc lea r phys i cs in E u r o p e . N u P E C C ' s goa l w a s to pro
d u c e " a se l f - con ta ined d o c u m e n t tha t re f lects o n t h e nex t f i ve y e a r s 
a n d p r o v i d e s v i s ion into t he nex t 1 0 - 1 5 y e a r s " . T h e p r e v i o u s long-
r a n g e p lan h a d b e e n p u b l i s h e d a s a repor t , " N u c l e a r P h y s i c s in 
E u r o p e : H igh l igh ts a n d O p p o r t u n i t i e s " , in D e c e m b e r 1997 . 

N u P E C C first de f ined the ac t ive a r e a s of nuc lea r phys i cs tha t w e r e 
to be a d d r e s s e d . W o r k i n g g r o u p s w e r e f o r m e d , s p a n n i n g all t he s u b -
f ie lds o f n u c l e a r p h y s i c s a n d its a p p l i c a t i o n s : n u c l e a r s t r u c t u r e ; 
p h a s e s o f n u c l e a r ma t te r ; q u a n t u m c h r o m o d y n a m i c s ; n u c l e a r 
p h y s i c s in t h e u n i v e r s e ; a n d f u n d a m e n t a l i n te rac t ions a n d app l i ca 
t ions . C o n v e n o r s for e a c h of t h e s e g r o u p s w e r e a p p o i n t e d a n d t w o 
l ia ison m e m b e r s of N u P E C C w e r e a s s i g n e d to e a c h of t h e m . T h e 
w o r k i n g g r o u p s w e r e t h e n a s k e d to p r o v i d e r e c o m m e n d a t i o n s fo r 
poss ib le fu tu re d i rec t ions a n d a pr ior i t ized list o f t he faci l i t ies a n d 
i ns t r umen ta t i on n e e d e d to a d d r e s s t h e m . 

T h e nex t s t e p in t h e p r o c e s s w a s a t o w n m e e t i n g , o r g a n i z e d at 
G S I D a r m s t a d t o n 3 0 J a n u a r y - 1 F e b r u a r y 2 0 0 3 , to d i s c u s s t h e 
long - range p lan . Pr ior to th is , t he p re l im ina ry repor ts of t h e g r o u p s 
had b e e n p o s t e d o n t he N u P E C C w e b s i t e . T h e t o w n m e e t i n g w a s 
wel l a t t e n d e d w i th a r o u n d 3 0 0 par t i c ipan ts , i nc lud ing m a n y y o u n g 
sc i en t i s t s , a n d t h e f o l l o w i n g s u m m a r i z e s t h e g e n e r a l t r e n d s a n d 
exc i t ing i deas a b o u t m o d e r n nuc lea r p h y s i c s tha t w e r e p r e s e n t e d at 
the m e e t i n g a n d g i v e n in t he repor t . 

P r o g r e s s i n n u c l e a r r e s e a r c h 
At a d e e p e r leve l , nuc l ea r p h y s i c s is t h e p h y s i c s of h a d r o n s . H e r e , 
r ecen t d e v e l o p m e n t s in lat t ice q u a n t u m c h r o m o d y n a m i c s ( Q C D ) 
c a l c u l a t i o n s h a v e ra i sed a g rea t dea l o f in te res t in h a d r o n s p e c 
t r o s c o p y . A c c o r d i n g to Q C D , g luon- r i ch h a d r o n s c a n be f o r m e d , a s 
wel l a s hybr id s ta tes of c o m b i n a t i o n s o f q u a r k a n d g luon i c exc i ta 
t ions . T h e r e is a lso in terest in q u a r k d y n a m i c s , s i n c e in h a d r o n s t he 
po la r iza t ion of g l u o n s a n d t he orbi ta l a n g u l a r m o m e n t u m of q u a r k s 
p lay a n i m p o r t a n t ro le , t o g e t h e r w i t h a la rge t r a n s v e r s e q u a r k 
p o l a r i z a t i o n . N o w a d a y s t h e m e a s u r e m e n t o f g e n e r a l i z e d p a r t o n 
d is t r ibu t ions - w h i c h are gene ra l i za t i ons o f t he usua l d is t r ibu t ions 
d e s c r i b i n g t h e m o m e n t u m or hel ic i ty d i s t r i bu t ions of t he q u a r k s in 
the n u c l é o n - r e c e i v e s m u c h a t ten t ion a s t h e m e a s u r e m e n t s wil l 
i m p r o v e o u r k n o w l e d g e of t h e s t r u c t u r e o f t h e h a d r o n . Q u a r k 
c o n f i n e m e n t a n d t he s t u d y of p h e n o m e n a in t h e non -pe r tu rba t i ve 
r e g i m e o f Q C D wil l be a d d r e s s e d in f u t u r e . P h a s e t r a n s i t i o n s o f 
nuc l ea r ma t t e r a re be ing i nves t i ga ted in t w o r e g i m e s : at t h e Fermi 
e n e r g y , a t w h i c h a l i q u i d - g a s p h a s e t rans i t i on is e x p e c t e d , a n d at 
v e r y h igh e n e r g i e s a n d / o r dens i t i es w h e r e a q u a r k - g l u o n p l a s m a 
( Q G P ) is e x p e c t e d . In t he f irst p h a s e t rans i t ion in te res t ing i sosp in 
e f fec ts tu rn ou t to p lay a role in t he f o r m a t i o n of exo t ic i s o t o p e s , 

Members of the nuclear-physics community at a town meeting held at GSI 
Darmstadt on 30 January -1 February 2003. The participants discussed 
the long-range plan for nuclear physics in Europe prior to its finalization. 

w h e r e a s at t h e s e c o n d p h a s e t r ans i t i on t h e d e c o n f i n e m e n t o f 
q u a r k s is e x p e c t e d at v e r y h igh t e m p e r a t u r e s a n d co l ou r s u p e r c o n 
duct iv i ty at low t e m p e r a t u r e s a n d v e r y h igh dens i t i es . 

A long- term a n d f u n d a m e n t a l goa l of nuc lea r p h y s i c s is to exp la in 
l o w - e n e r g y p h e n o m e n a s ta r t i ng f r o m Q C D . In a f i rst s t e p , t h e 
c o n n e c t i o n cou ld be m a d e t h r o u g h Q C D - m o t i v a t e d e f fec t i ve f ie ld 
t heo r i es . T h i s s h o u l d g o h a n d in h a n d w i th e x p e r i m e n t a l i nves t iga 
t ions tha t a l low tes ts o f t h e s e m o d e l s . Recen t l y , n e w d e v e l o p m e n t s 
h a v e t a k e n p lace , ra is ing in teres t in nuc l ea r s t r uc tu re , a n d b e s i d e s 
t he d e v e l o p m e n t of e q u i p m e n t a n d re f ined de tec t i on m e t h o d s , it 
is n o w poss ib le to use exot ic b e a m s of uns tab le nuc le i . Fu r the rmore , 
d u e to t he i n c r e a s e in c o m p u t i n g c a p a c i t y , ab initio ca l cu l a t i ons 
w i th t w o - a n d t h r e e - b o d y f o r c e s up to m a s s 12 c a n be p e r f o r m e d . 
Expe r imen ta l l y , it is n o w poss ib l e to b r o a d e n t h e r e s e a r c h f ie ld o f 
the 3 0 0 s tab le nuc le i to the a p p r o x i m a t e l y 6 0 0 0 a tom ic nuc le i tha t 
are p red ic ted to exist . T h i s m e a n s t ha t a n u m b e r of q u e s t i o n s c a n 
n o w be a d d r e s s e d , s u c h a s w h a t h a p p e n s in e x t r e m e cond i t i ons o f 
t he neu t ron to p ro ton ( N / Z ) rat io, at a h igh exc i ta t ion e n e r g y , at an 
e x t r e m e angu la r m o m e n t u m , or at a v e r y h e a v y m a s s - t ha t is, at 
c o n s i d e r a b l y m o r e e x t r e m e c o n d i t i o n s t h a n t h o s e w e h a v e inves t i 
ga ted so far. P h e n o m e n a to be a d d r e s s e d here inc lude neu t ron halo 
s t ruc tu res , s u p e r - h e a v y e l e m e n t s , n e w m a g i c n u m b e r s , hype rde fo r -
ma t i on a n d m a n y o the r exo t ic f o r m s o f a t o m i c nuc le i . 

In t he pas t 2 0 y e a r s n u c l e a r a s t r o p h y s i c s h a s d e v e l o p e d into a n 
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hysics research in Europe 
;e plan looks forward to an exciting future with new facilities and challenging research. 

The International Accelerator Facility for Beams of Ions and Antiprotons (lAFBIA) 
P r i m a r y b e a m s 
1 0 1 2 / s ; 1 . 5 G e V / u ; 2 3 8 U 2 8 + . 
F a c t o r 1 0 0 - 1 0 0 0 o v e r p r e s e n t 
in i n t ens i t y . 

2 ( 4 ) x 1 0 1 3 / s 3 0 G e V p r o t o n s . 
1 0 1 0 / s 2 3 8 U 7 3 + u p t o 2 5 ( 3 5 ) G e V / u . 
S e c o n d a r y b e a m s 
B r o a d r a n g e o f r a d i o a c t i v e b e a m s u p t o 
1 . 5 - 2 G e V / u ; u p t o f a c t o r 10 0 0 0 in 
i n t e n s i t y o v e r p r e s e n t . 

A n t i p r o t o n s 3 - 3 0 G e V . 
S t o r a g e a n d c o o l e r r i n g s 
R a d i o a c t i v e b e a m s . 
e - A co l l i de r . 
1 0 1 1 s t o r e d a n d c o o l e d a n t i p r o t o n s 
( 0 . 8 - 1 4 . 5 G e V ) . 

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

T h e p r o p o s e d l A F B I A f ac i l i t y a t G S I 
D a r m s t a d t w i l l b e b a s e d o n t h e e x i s t i n g 
i n f r a s t r u c t u r e ( c o l o u r e d b l u e o n t h e 
s c h e m a t i c , r i g h t ) o f t h e l i n e a r a c c e l e r a t o r , 
U N I L A C ; t h e h e a v y - i o n s y n c h r o t r o n , S I S ; t h e 
F r a g m e n t S e p a r a t o r , F R S ; a n d t h e 
E x p e r i m e n t a l S t o r a g e R i n g , E S R . T h e n e w 
a c c e l e r a t o r f a c i l i t i e s ( c o l o u r e d r e d ) w i l l 
c o n s i s t o f t h e s u p e r c o n d u c t i n g 
s y n c h r o t r o n s , S I S 1 0 0 / 2 0 0 ; t h e C o l l e c t o r 
R i n g , C R ; t h e N e w E x p e r i m e n t a l S t o r a g e 
R i n g , N E S R ; t h e S u p e r c o n d u c t i n g 
F r a g m e n t S e p a r a t o r , S u p e r - F R S ; t h e P r o t o n 
L i n a c ; a n d t h e H i g h - E n e r g y S t o r a g e 
R i n g , H E S R . T h e s i t e a l s o h o u s e s b u i l d i n g s 
w i t h t a r g e t a r e a s f o r p l a s m a p h y s i c s , 
u l t r a - r e l a t i v i s t i c n u c l e u s - n u c l e u s 
c o l l i s i o n s , r a d i o a c t i v e i on b e a m s a n d 
a t o m i c - p h y s i c s e x p e r i m e n t s . 

i m p o r t a n t sub f i e l d o f n u c l e a r p h y s i c s . It is a t ru ly i n te rd i sc ip l i na ry 
f ie ld , concen t ra t i ng o n p r imord ia l a n d ste l lar n u c l e o s y n t h e s i s , s te l lar 
e v o l u t i o n , a n d t h e i n te rp re ta t i on o f c a t a c l y s m i c s te l la r e v e n t s s u c h 
a s n o v a e a n d s u p e r n o v a e . It c o m b i n e s a s t r o n o m i c a l o b s e r v a t i o n 
a n d a s t r o p h y s i c a l m o d e l l i n g w i t h r e s e a r c h in to m e t e o r i t i c a n o m 
a l ies , a n d w i th m e a s u r e m e n t s a n d t h e o r y in n u c l e a r p h y s i c s . W i t h 
t h e u s e o f n e w m e t h o d s , a s we l l a s t h e ava i lab i l i t y o f r ad ioac t i ve -
i o n - b e a m ( R I B ) a c c e l e r a t o r s , a s t r o p h y s i c a l l y r e l e v a n t n u c l e a r reac 
t i o n s a re a l r e a d y b e i n g m e a s u r e d . In f u t u r e , th is r e s e a r c h wil l be 
in tens i f ied w i th t h e n e w g e n e r a t i o n o f RIB fac i l i t ies. 

In t h e pas t , r e s e a r c h o n s y m m e t r i e s a n d f u n d a m e n t a l i n te rac 
t i ons ( a n d t h e p h y s i c s b e y o n d t h e S t a n d a r d M o d e l ) h a s m a d e large 
s t e p s w i th t h e d e v e l o p m e n t o f t e c h n i q u e s t ha t fac i l i ta te p rec i s i on 
m e a s u r e m e n t s . In th i s s u b f i e l d , r e s e a r c h o n t h e p r o p e r t i e s o f 
n e u t r i n o s ( m a s s m e a s u r e m e n t ) , t i m e - r e v e r s a l a n d c h a r g e - p a r i t y 
v i o l a t i o n ( t h r o u g h m e a s u r e m e n t s o f e l e c t r i c - d i p o l e m o m e n t s o f 
m o l e c u l e s , a t o m s a n d n u c l é o n s a s we l l a s c o r r e l a t i o n s b e t w e e n 
e l e c t r o n s a n d n e u t r i n o s in ( 3 - d e c a y ) , a n d t h e d e t e r m i n a t i o n o f 
f u n d a m e n t a l c o n s t a n t s , is in p r o g r e s s . 

F ina l ly , t h e r e h a s b e e n p r o g r e s s in t h e a p p l i c a t i o n s o f nuc lea r -
p h y s i c s t e c h n i q u e s a n d m e t h o d s . T h e s e c r o s s o v e r in to s e v e r a l 
d i sc ip l i nes , s u c h a s life s c i e n c e s , m e d i c a l t e c h n o l o g y , e n v i r o n m e n 
tal s t u d i e s , a r c h a e o l o g y , f u t u re e n e r g y s u p p l i e s , art, so l id -s ta te a n d 
a t o m i c p h y s i c s , a n d c iv i l ian s a f e t y . 

R e s e a r c h f a c i l i t i e s 
S e v e r a l n e w r e s e a r c h fac i l i t ies a r e n o w b e i n g d e v e l o p e d or bui l t . 
T h e m o s t a m b i t i o u s is t h e I n t e r n a t i o n a l A c c e l e r a t o r Fac i l i t y f o r 
B e a m s of Ions a n d A n t i p r o t o n s ( l A F B I A ) in D a r m s t a d t ( cu r ren t l y G S I ) 
( s e e b o x a b o v e ) . T h i s wi l l be a v a i l a b l e fo r e x p e r i m e n t s a f ter 2 0 1 0 . 
For n u c l e a r s t r uc tu re a n d re la ted s t u d i e s w i th e x t r e m e N / Z ra t ios , 
R IB fac i l i t i es a r e r e q u i r e d a n d c a n b e r e a l i z e d by m e a n s o f t h e 
in-f l ight f r a g m e n t a t i o n ( I F F ) t e c h n i q u e , a s a i m e d at w i th t h e l A F B I A , 
o r t h e i s o t o p e - s e p a r a t i o n on l i ne ( I S O L ) m e t h o d ( s e e f igure 1, p 2 4 ) . 
In E u r o p e , a p l a n to bu i l d t h e E u r o p e a n I S O L ( E U R I S O L ) fac i l i t y , 
w h i c h w o u l d be r e a d y a f te r 2 0 1 3 , ex i s t s , a n d i n t e r m e d i a t e to th is 
a r e t h e I S O L fac i l i t i es a l r e a d y o p e r a t i o n a l a t C E R N , G A N I L a n d 
L o u v a i n - l a - N e u v e , a n d t h e u p g r a d e s a t R E X - I S O L D E a n d S P I R A L 2 , 
a s we l l a s t h e fu tu re fac i l i t ies S P E S in L e g n a r o a n d M A F F in M u n i c h . 

R e c o m m e n d a t i o n s 
T h e first of N u P E C C ' s r e c o m m e n d a t i o n s is to exp lo i t fu l ly t he ex is t ing 
a n d c o m p e t i t i v e l e p t o n , p r o t o n , s t a b l e i s o t o p e a n d rad i oac t i ve i on -
b e a m fac i l i t ies a n d i n s t r u m e n t a t i o n . In a d d i t i o n to the i r p h y s i c s -
r e s e a r c h po ten t i a l , t h e y wi l l s e r v e a s i m p o r t a n t t ra in ing s i t es a n d 
fac i l i t ies w h e r e m a j o r b e a m - p r o d u c t i o n d e v e l o p m e n t a n d d e t e c t o r 
R & D c a n b e p e r f o r m e d in t h e n e x t 5 t o 10 y e a r s . In its p r e v i o u s 
l ong - range p l a n , N u P E C C g a v e h igh pr ior i ty to t h e A L I C E e x p e r i m e n t 
at C E R N , w h i c h has a n e x t e n s i v e p r o g r a m m e to inves t iga te Q G P in > 
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the f r a m e w o r k of the large a n d ac t ive heavy - ion p r o g r a m m e at the 
Large H a d r o n Col l ider ( L H C ) in t he nea r fu tu re . A huge E u r o p e a n 
effort is a l ready u n d e r w a y to bui ld the A L I C E detec tor in t ime f o r t h e 
L H C . In a c c o r d a n c e wi th the high priori ty g iven to A L I C E in the pre
v ious long-range p lan, N u P E C C st rongly r e c o m m e n d s its t imely c o m 
plet ion to a l low ear ly and full exp lo i ta t ion at the start of the L H C . 

S u p p o r t of the un ive rs i t y -based nuc lea r -phys i cs g r o u p s , inc lud
ing their local in f rast ructure, is s e e n by N u P E C C as essent ia l for the 
s u c c e s s of the p r o g r a m m e s at the p resen t faci l i t ies and at fu ture 
large-scale projects. Fu r the rmore , N u P E C C r e c o m m e n d s that efforts 
shou ld be taken to s t reng then local t heo ry g r o u p s in o rder to guar
an tee t he d e v e l o p m e n t n e e d e d to a d d r e s s the cha l l eng ing bas ic 
i ssues that exist or m a y ar ise f rom n e w exper imen ta l obse rva t i ons . 
N u P E C C a lso recogn izes the posi t ive role p layed by the E C T * cent re 
in T ren to in nuc lear theory , espec ia l l y in its miss ion of s t reng then ing 
uni fy ing con tac ts b e t w e e n nuc lear a n d had ron phys ics . In add i t ion , 
N u P E C C r e c o m m e n d s that efforts to inc rease l i teracy in nuc lear sc i 
e n c e a m o n g the genera l publ ic be in tens i f ied. 

P r i o r i t i e s f o r t h e f u t u r e 
T h e speci f ic r e c o m m e n d a t i o n s and priorit ies fo l low on f rom the new 
e x p e r i m e n t a l fac i l i t ies a n d a d v a n c e d i ns t r umen ta t i on tha t h a v e 
b e e n p r o p o s e d , or are unde r cons t ruc t i on , to a d d r e s s the cha l leng
ing basic ques t ions posed by nuc lear sc ience . N u P E C C suppor ts , as 
the h ighest priority for a n e w cons t ruc t ion project , the bui ld ing of 
t he lAFB IA . T h i s in te rna t iona l fac i l i ty ( s e e lAFB IA box, p 2 3 ) wil l 
p rov ide n e w oppor tun i t ies for research in the di f ferent sub f ie lds of 
nuc lear sc i ence . E n v i s a g e d for p roduc ing h igh- intensi ty rad ioact ive 
ion b e a m s us ing the IFF t e c h n i q u e , t he faci l i ty is h ighly c o m p e t i 
t i ve , e v e n su rpass ing in cer ta in respec ts s imi lar faci l i t ies tha t are 
ei ther p lanned or under cons t ruc t ion in the US or in J a p a n . Wi th the 
exper imen ta l e q u i p m e n t ava i lab le at low and high energ ies , and at 
the N e w Exper imenta l S to rage Ring with its internal targets and elec
t ron col l ider ring, the faci l i ty will be a wor ld leader in resea rch in 
nuc lear st ructure and nuc lear as t rophys ics , in part icular for research 
pe r fo rmed wi th shor t - l ived exot ic nuc le i far f r om the va l l ey of s ta
bil ity. T h e h igh-energy , h igh- in tens i ty s tab le heavy - i on b e a m s will 
faci l i tate the exp lora t ion of c o m p r e s s e d baryon ic mat ter wi th new 
pene t ra t ing p robes . T h e h igh-qua l i ty c o o l e d an t ip ro ton b e a m s in 
the High-Energy Storage Ring, in con junct ion with the p lanned detec
tor s y s t e m , P A N D A , will p rov ide t he oppor tun i t y to s e a r c h for the 
n e w had ron s ta tes tha t are p red ic ted by Q C D , a n d to exp lo re the 
in te rac t ions of t he c h a r m e d h a d r o n s in the nuc lea r m e d i u m . In 
short , this facil i ty is broad ly suppo r ted s ince it will p rov ide a lmost all 
f ie lds of nuc lear sc i ence wi th n e w research oppor tun i t ies . 

Af ter the cons t ruc t ion of lAFBIA , N u P E C C r e c o m m e n d s the h igh
es t pr ior i ty to be t he cons t r uc t i on of t he a d v a n c e d I S O L faci l i ty, 
E U R I S O L T h e ISOL t e c h n i q u e for p roduc ing rad ioact ive b e a m s has 
c lear c o m p l e m e n t a r y a s p e c t s to the IFF m e t h o d . F i rs t -generat ion 
ISOL-based facil i t ies have p roduced their first results and h a v e been 
s h o w n to w o r k conv inc ing l y . T h e nex t -genera t i on I S O L - b a s e d RIB 
faci l i ty E U R I S O L a i m s at i nc reas ing , b e y o n d 2 0 1 3 , t he va r ie ty of 
rad ioact ive b e a m s and their intensi t ies by orders of magn i t ude over 
w h a t is ava i lab le at p resen t for va r i ous scient i f ic d isc ip l ines, inc lud
ing nuc lea r phys i cs , nuc lea r a s t r o p h y s i c s a n d f u n d a m e n t a l inter-

Fig. 1. Diagram illustrating the difference between the ISOL and 
in-flight methods to produce radioactive ion beams. 

act ions . E U R I S O L will e m p l o y a h igh -power ( seve ra l M W ) p r o t o n / 
d e u t e r o n ( p / d ) dr iver acce le ra to r . A large n u m b e r of poss ib le 
pro jects , s u c h as a neut r ino fac tory , an ant ip ro ton faci l i ty, a m u o n 
fac tory and a neu t ron spa l la t ion s o u r c e , m a y benef i t f r om the ava i l 
abi l i ty of s u c h a p / d dr iver , a n d s y n e r g i e s w i th c lose l y a n d less 
c losely related f ie lds of sc i ence are abundan t . Cons ider ing the w ide 
interest in s u c h an acce lera tor , N u P E C C p r o p o s e s jo in ing with o ther 
in te res ted c o m m u n i t i e s to do t h e R e s e a r c h a n d T e c h n o l o g i c a l 
D e v e l o p m e n t ( R T D ) and des ign w o r k n e c e s s a r y to real ize the h igh-
power p / d dr iver in the nea r fu ture . 

N u P E C C also g ives a high priority to the instal lat ion at the Gran 
S a s s o u n d e r g r o u n d labora to ry of a c o m p a c t , h igh-cur ren t 5 M V 
acce lera tor for light ions, equ ipped wi th a high-eff ic iency 4JC array of 
g e r m a n i u m detectors . S u c h a facil i ty will e n h a n c e the un iqueness of 
the present facil ity at Gran S a s s o , and its potential to measu re astro-
phys ica l l y impo r tan t reac t i ons d o w n to re levan t s te l lar ene rg i es . 

O n a longer t i m e s c a l e , t he full exp lo ra t i on of non -pe r tu rba t i ve 
Q C D , e.g. un rave l l i ng h a d r o n s t ruc tu re a n d pe r fo rm ing p rec is ion 
tests of va r i ous Q C D pred ic t ions , will requi re a high- intensi ty, h igh-
ene rgy lepton-scat ter ing faci l i ty. N u P E C C cons ide rs phys ics wi th a 
h igh- luminos i ty mu l t i -GeV lepton-scat ter ing faci l i ty to be ve ry inter
est ing and of h igh scient i f ic potent ia l . H o w e v e r , the cons t ruc t ion of 
such a faci l i ty w o u l d requi re w o r l d w i d e co l labora t ion , so N u P E C C 
r e c o m m e n d s tha t t he c o m m u n i t y p u r s u e s th is r e s e a r c h f r o m an 
in te rna t iona l p e r s p e c t i v e , i nco rpo ra t i ng it into a n y ex is t ing or 
p lanned large-scale faci l i t ies. 

T o exploit the current and future facil i t ies fully and most eff iciently, 
a d v a n c e d ins t rumentat ion and detect ion equ ipmen t will be required 
to car ry on the va r i ous p r o g r a m m e s . T h e A G A T A project for the c o n 
struct ion of a 4j t array of highly s e g m e n t e d g e r m a n i u m detectors for 
y - ray t rack ing will benef i t research p r o g r a m m e s in the sub f ie lds of 
nuc lear sc i ence at the va r i ous faci l i t ies in E u r o p e . N u P E C C g ives its 
full suppor t to the cons t ruc t ion of A G A T A , and r e c o m m e n d s that the 
R & D p h a s e be pu rsued wi th v igour . 
• For m o r e in format ion a b o u t N u P E C C , s e e w w w . n u p e c c . o r g . 

M u h s i n H a r a k e h (NuPECC chair), KVI-Groningen, the 
Netherlands, and J u h a À y s t ô (NuPECC chair 1999-2002), 
University ofJyvaskyla, Finland. 
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Quark Matter brings 
heavy ions to Oakland 

The Quark Matter 
2004 conference, 
held in Oakland, 
California, in January, 
provided participants 
with evidence for the 

elusive quark-gluon plasma. Spencer 
Klein and Joakim Nystrand describe 
the highlights of the meeting. 

Held eve ry 18 m o n t h s , Qua rk Mat ter is the ma jo r c o n f e r e n c e cover 
ing relat ivist ic heavy - ion co l l is ions. T h e latest in the ser ies - Qua rk 
Mat te r 2 0 0 4 - t ook p lace on 1 0 - 1 7 J a n u a r y at t he O a k l a n d 
C o n v e n t i o n C e n t e r in Ca l i fo rn ia a n d w a s co -cha i red by H a n s 
G e o r g Ritter and X in -N ian W a n g f rom L a w r e n c e Berke ley Nat iona l 
Labora to ry ( L B N L ) . T h e mee t ing fea tu red a f lood of new da ta f rom 
the Relat iv ist ic H e a v y Ion Col l ider ( R H I C ) at B r o o k h a v e n Nat iona l 
L a b o r a t o r y , a l ong wi th c o n t i n u i n g a n a l y s e s f r o m e x p e r i m e n t s at 
C E R N ' s S u p e r Pro ton S y n c h r o t r o n ( S P S ) a n d repor ts f r o m the 
H E R A - B and H E R M E S expe r imen ts at D E S Y . 

T h e c o n f e r e n c e - wh i ch w a s p r e c e d e d by t w o we l l -a t tended and 
wel l - received wo rkshops , one for g raduate s tudents and the other for 
local h igh-schoo l t eache rs - w a s off icial ly o p e n e d by Je r r y B r o w n , 
O a k l a n d ' s m a y o r and ex -gove rno r of Cal i forn ia . Re inhard S tock of 
IFK Frank fu r t o p e n e d t he sc ient i f i c p r o g r a m m e w i th a h is tor ica l 
o v e r v i e w of heavy - ion co l l is ions, w h i c h w a s fo l l owed by theore t ica l 
a n d e x p e r i m e n t a l i n t roduc t ions by Urs W i e d e m a n n of C E R N a n d 
T o m H e m m i c k of S U N Y , S t o n y Brook , respec t i ve ly . S o b e g a n f ive 
d a y s of paral lel and p lenary s e s s i o n s , a n d wh i le eve ry th ing canno t 
be desc r i bed here in deta i l , the fo l low ing a ims to prov ide a f lavour . 

T h e b igges t ques t i on at recen t Q u a r k Mat te r c o n f e r e n c e s has 
b e e n : h a v e w e f o u n d the q u a r k - g l u o n p l a s m a ? A l t hough the col 
labora t ions work ing at RHIC h a v e m a d e no def in i t ive s t a t emen ts , 
the s e n s e a m o n g the par t ic ipants this y e a r w a s that for the first t ime 
the a n s w e r is " y e s " . A b road range of m e a s u r e m e n t s pa in ted a pic
ture that mos t a t t endees f o u n d conv inc ing : s t rong s u p p r e s s i o n of 
high t r ansve rse m o m e n t u m ( p T ) par t ic les, the a b s e n c e of back- to-
back je ts , an iso t rop ies cons is ten t wi th s t rong , h y d r o d y n a m i c f low, 

The 700 participants at Quark Matter 2004 fit comfortably into 
the cavernous exhibit hall of the Oakland Convention Center. 

and m a n y o ther obse rva t i ons . T h e da ta s h o w tha t a d e n s e m e d i u m 
is p roduced in the col l is ions a n d that par t ic les interact s t rong ly and 
lose ene rgy as t hey t rave rse it. T h e o b s e r v e d ene rgy loss requ i res a 
very dense m e d i u m , wh ich s e e m s incompat ib le wi th the p resence of 
had rons . T h e o b s e r v e d an iso t rop ies ( in f l ow) for di f ferent part ic le 
spec ies ind icate tha t the m e d i u m b e h a v e s like an a lmos t per fect 
f lu id, as expec ted f rom a q u a r k - g l u o n p lasma ( Q G P ) . A compar i son 
of the an iso t rop ies of di f ferent spec ies sugges ts that equi l ibrat ion is 
rapid and t hus l ikely occu rs dur ing the par ton ic s tage . 

M a n y of t h e s e e f fec ts w e r e a l r e a d y s e e n at t he Q u a r k Mat te r 
2 0 0 2 c o n f e r e n c e , held in N a n t e s , F rance (CERN Courier O c t o b e r 
2 0 0 2 p l l ) . S i n c e t h e n R H I C has t a k e n a n d a n a l y s e d da ta on 
d e u t e r i u m - g o l d ( d A u ) co l l i s ions , p rov id ing a key con t ro l . In d A u 
col l is ions the n u m b e r of n u c l e o n - n u c l e o n col l is ions is smal l a n d 
the ene rgy dens i t y is e x p e c t e d to be t oo low to fo rm a Q G P . T h e 
putat ive Q G P s igna tu res w e r e a b s e n t in the d A u da ta , s h o w i n g that 
t he p h e n o m e n a a re f ina l -s ta te e f fec ts . T h e s e e f fec ts w e r e a lso 
a b s e n t ( in t he c a s e of h i gh -p T par t ic le s u p p r e s s i o n ) or g rea t ly 
reduced ( for f l ow) in lower e n e r g y co l l is ions. 

H a r d p r o b e s o f i o n c o l l i s i o n s 
Perhaps the mos t str ik ing resul t to c o m e out of RHIC so far is t he 
s t rong s u p p r e s s i o n of m e s o n s w i th h igh p T o b s e r v e d in cent ra l 
n u c l e u s - n u c l e u s co l l i s ions ( i .e . co l l i s ions w h e r e t he nuc le i fu l ly 
ove r l ap ) . T h e p roduc t ion of h a d r o n s wi th p T a b o v e app rox ima te l y > 
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2 - 3 G e V / c in p r o t o n - p r o t o n co l l is ions is wel l desc r i bed by pertur-
bat ive q u a n t u m c h r o m o d y n a m i c s ( Q C D ) . If heavy- ion col l is ions were 
m e r e supe rpos i t i ons of ind iv idual n u c l e o n - n u c l e o n col l is ions, the 
part ic le y ie ld at high p T w o u l d sca le wi th the n u m b e r of b inary coll i
s i ons . Dav id d 'Enter r ia of C o l u m b i a r e v i e w e d R H I C da ta s h o w i n g 
tha t par t ic le p roduc t i on is s u p p r e s s e d by a b o u t a fac to r of f i ve 
re la t ive to a n u c l e o n - n u c l e o n s u p e r p o s i t i o n . T h i s s u p p r e s s i o n is 
not s e e n in d A u or lower e n e r g y i o n - i o n col l is ions. Cars ten Gre iner 
of Frankfur t d i scussed hadron ic f inal-state in teract ions a n d conc lu 
d e d tha t had ron i c in te rac t ions a l one cou ld not exp la in t he da ta . 

Ju l ia V e l k o v s k a of Vanderb i l t r ev i ewed m e a s u r e m e n t s of h igh-p T 

part ic le s u p p r e s s i o n for d i f ferent part ic le spec ies . A b o v e 6 G e V / c 
all par t ic le s p e c i e s s h o w c o m p a r a b l e s u p p r e s s i o n . H o w e v e r , at 
i n te rmed ia te m o m e n t a ( 2 < p T < 5 G e V / c ) on ly m e s o n s are s u p 
p r e s s e d . In h y d r o d y n a m i c m o d e l s bulk radial e x p a n s i o n equa l i zes 
ve loc i t ies , boos t ing the n u m b e r of h e a v y part ic les at in te rmed ia te 
p T . In th is mode l the m e s o n a n d the pro ton w o u l d there fo re have 
t h e s a m e s u p p r e s s i o n . Ra ine r Fr ies of M i n n e s o t a p r e s e n t e d an 
a l ternate scena r i o , w h e r e the b a r y o n s are p r o d u c e d by r e c o m b i n a 
t ion of a l ready exist ing qua rks . Th i s r ecomb ina t i on m a y exp la in the 
i n t e rmed ia te -p j da ta . 

Wi th the d A u data rul ing out init ial-state ef fects, the s tudy of h igh-
p T par t ic les in n u c l e u s - n u c l e u s co l l is ions has largely e v o l v e d into 
" jet t o m o g r a p h y " , w h e r e the je ts p robe the mat te r p r o d u c e d in the 
co l l i s ions . T h e e x p e r i m e n t a l a n d theo re t i ca l a s p e c t s of th is 
t e c h n o l o g y w e r e rev iewed by Mike Mil ler of Y a l e and Ivan V i tev of 
Iowa Sta te , respect ive ly . In p r o t o n - p r o t o n col l is ions je ts are usual ly 
c rea ted back- to-back; th is back- to -back t o p o l o g y is o b s e r v a b l e as 
cor re la t ions b e t w e e n h igh-p T par t ic les . In g o l d - g o l d co l l is ions the 
cor re la t ions d i sappea r , p e r h a p s b e c a u s e one of the p r o d u c e d je ts 
is a b s o r b e d in the m e d i u m . T r a n s v e r s e - m o m e n t u m c o n s e r v a t i o n 
requ i res tha t the e n e r g y in the q u e n c h e d je t d o e s not d i s a p p e a r 
but is red is t r ibu ted . Th i s red is t r ibu ted ene rgy m a y h a v e b e e n s e e n 
in l o w - m o m e n t u m par t ic les. 

Both the S T A R a n d P H E N I X co l labora t ions at RHIC h a v e s tud ied 
the q u e n c h i n g of the away -s i de je t re lat ive to the react ion p lane -
the p lane s p a n n e d by the b e a m axis and the impac t pa ramete r (see 
f igure 1) . Th is s tudy used data f rom g lanc ing col l is ions, w h e r e s o m e 
back- to -back cor re la t ions r e m a i n e d . A s e x p e c t e d , if t he s u p p r e s 
s ion is c a u s e d by e n e r g y loss in t he d e n s e nuc lea r m e d i u m , the 
q u e n c h i n g is s t ronges t w h e n the je t is pe rpend icu la r to the react ion 
p lane ( long path t h rough m e d i u m ) a n d w e a k e r w h e n the je t is in 
the react ion p lane (shor t pa th t h rough m e d i u m ) . T h e resul ts f rom 
S T A R are s h o w n in f igure 2 . 

T h e d e n s e mat ter p r o d u c e d in the co l l is ions can a lso be s tud ied 
t h r o u g h d i rec t p h o t o n s , w h i c h are em i t t ed as the s y s t e m coo l s . 
T h e r e is, h o w e v e r , a huge b a c k g r o u n d f rom p h o t o n s p r o d u c e d in 
h a d r o n i c d e c a y s , par t i cu la r ly f r o m jt° a n d r\ m e s o n s . T h i s back
g r o u n d mus t be carefu l ly m e a s u r e d a n d sub t rac ted . Jus t i n Frantz 
of C o l u m b i a p resen ted resul ts f rom P H E N I X on direct p h o t o n s ( see 
f igure 3 ) . For p T > 5 G e V / c the y ie ld ag rees wi th a ca lcu lat ion based 
on per turbat ive Q C D , ano the r s t rong ind icat ion that h igh-p T par ton 
p roduc t ion is wel l u n d e r s t o o d , a n d tha t the s u p p r e s s i o n of h igh-p T 

h a d r o n s is i ndeed d u e to in terac t ions in the d e n s e mat ter . Direct 
pho tons at in te rmed ia te p T m a y a lso be emi t ted f rom the Q G P , as 

Fig. 1. In a non-central heavy-ion collision, as shown here, 
the collision region (the overlap between the two nuclei) is 
elliptical. High pressures can convert this spatial anisotropy 
into a momentum anisotropy, which leads to non-isotropic 
particle emission. The blue arrows refer to the reaction plane. 

w a s d i s cussed by G u y Moo re of McGi l l , but cur rent resul ts are not 
prec ise e n o u g h to p robe th is reg ion . 

S u p p r e s s i o n of J / 1 ^ p roduc t i on w a s o n e of t he f irst p r o p o s e d 
s igna ls for t he Q G P , a n d has long b e e n s tud ied at C E R N ' s S P S . 
G o n c a l ô Bo rges of LIP, L i s b o n , p r e s e n t e d the latest resul ts f r o m 
N A 5 0 . Aga in p r o t o n - i o n or d e u t e r o n - i o n data are impor tant refer
ences to m e a s u r e both the hadron ic absorp t ion in ord inary nuc lear 
mat te r a n d the ef fects of mod i f i ca t i ons to the g luon d is t r ibut ion 
func t ion in h e a v y nuc le i ( s h a d o w i n g ) . T h e P H E N I X co l labora t ion 
p resen ted data on produc t ion in d A u col l is ions at RH IC , sup 
port ing m o d e r a t e g luon s h a d o w i n g a n d little hadron ic absorp t ion . 
A n Ta i of the Univers i ty of Cal i forn ia, Los Ange les , p resen ted the first 
m e a s u r e m e n t s of ful ly recons t ruc ted o p e n c h a r m at RHIC m a d e by 
the S T A R co l laborat ion, and Me lynda Brooks of Los A l a m o s Nat ional 
Laboratory also rev iewed charm m e a s u r e m e n t s at RHIC and the S P S . 

S o f t p a r t i c l e p r o d u c t i o n 
Most of the part ic les o b s e r v e d in a de tec to r are p r o d u c e d ve ry late 
in the co l l is ion, at a t ime k n o w n as " f r eezeou t " . Feder ico Ant inor i of 
INFN P a d o v a s h o w e d tha t the par t ic le a b u n d a n c e s are genera l l y 
wel l desc r i bed by a t he rma l m o d e l , w i th no s t r a n g e n e s s e n h a n c e 
men t or s u p p r e s s i o n . T h e part ic le rat ios d e p e n d only on the part ic le 
m a s s and tempera tu re . T h e e n h a n c e d s t rangeness product ion c o m 
pared wi th p r o t o n - p r o t o n co l l is ions cou ld be d u e to the d i f fe rence 
b e t w e e n g loba l s t r a n g e n e s s conse rva t i on in a large s y s t e m ( i .e . a 
g rand canon ica l d is t r ibut ion) and local conse rva t i on in a smal l s y s 
t e m ( the canon ica l d is t r ibu t ion) . G loba l conse rva t i on a l lows s ing le 
s t range-quark p roduc t ion (wi th s t r a n g e n e s s conse rva t i on i m p o s e d 
on the f inal s t a te ) , wh i le in a sma l l s y s t e m s t range quarks are pro
d u c e d in pai rs. T h e proper t ies of the f inal s tate w e r e d i s cussed by 
G u n t h e r Ro land of MIT a n d Andrze j Ryb ick i of K rakow. 
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Fig. 2. Results from STAR on high-pT charged-particle angular 
correlations, showing the angular separation between a high-pT 

trigger particle and a lower pT probe. The solid line is from 
proton-proton collisions, showing near-side (same jet, A(|) -0) 
and away-side (back-to-back jets, A(|) The squares represent 
the correlations in gold-gold collisions, where the trigger 
particles are aligned in-plane (see figure 1), and the diamonds 
represent particles aligned out-of-plane. Greater dissipation is 
observed out-of-plane, where the path length is longer. 

Fig. 3. Measurement by PHENIX of the ratio of photons 
detected to those expected from meson decays in the most 
central gold-gold collisions at RHIC. If all observed photons 
came from decays ofhadrons, then the ratio would be 1. The 
direct photon yield agrees with perturbative QCD calculations, 
shown by the red curve; the purple curves show the theoretical 
uncertainties. The blue curve is the expectation assuming 
that there is no suppression ofhigh-pT mesons. 

T h e spec t ra of t he shor t - l i ved r e s o n a n c e s ( K * , p, f 0 ( 9 7 5 ) , A , 
Z * ( 1 3 8 5 ) , a n d A ( 1 5 2 0 ) ) w e r e p r e s e n t e d by Patr ic ia Fach in i of 
B r o o k h a v e n . S o m e shor t - l ived r e s o n a n c e s m a y be less a b u n d a n t 
than the therma l -mode l predict ions. Th is cou ld happen w h e n daugh 
ter par t ic les rescat ter dur ing the per iod b e t w e e n chemica l f reeze-
out , w h e n part ic le p roduc t ion s tops , a n d the rma l f reezeou t , w h e n 
elast ic sca t te r ing s tops . T h e P H E N I X co l labora t ion has c o m p a r e d 
the hadron ic ( K + K " ) a n d lepton ic ( e V ) d e c a y s of the (|)-meson and 
s e e s no e v i d e n c e for a shif t in m a s s or b ranch ing rat io. 

O n e str ik ing p h e n o m e n o n o b s e r v e d at RHIC is non- isot rop ic f low. 
T h e ove r l ap b e t w e e n t w o co l l id ing ions f o r m s a n el l ipt ical reg ion 
( s e e f igure 1) . Te t su fum i H i rano of t he Riken B N L R e s e a r c h Cen te r 
exp la ined h o w high p ressu re tu rns th is spat ia l an i so t ropy into an 
an iso t ropy in m o m e n t u m s p a c e . S o m e y e a r s ago it w a s expec ted 
t ha t th is f l ow w o u l d be neg l ig ib le at h igh e n e r g i e s ; it is in fac t 
s t ronge r at RHIC t h a n at l ower ene rg i es . Fabr i ce Ret iere of L B N L 
c o m p a r e d da ta f r om all four R H I C e x p e r i m e n t s , s h o w i n g tha t the 
o b s e r v e d f low of d i f fe rent par t ic le s p e c i e s is c o n s i s t e n t w i th 
t h e r m o d y n a m i c m o d e l s that t reat t he s y s t e m like an a lmos t per fect 
f lu id . T h e A and kaon f low are par t icu lar ly interest ing: the A f low is 
t he s a m e as the k a o n f l ow at two- th i rds of t h e m o m e n t u m ; an 
obse rva t i on c lear ly po int ing to in teract ions invo lv ing par tons . Much 
t i m e w a s s p e n t d i s c u s s i n g h o w to reconc i l e t h e s e m a c r o s c o p i c 
a p p r o a c h e s w i th m i c r o s c o p i c p ic tu res b a s e d on h a d r o n i c or 
par ton ic s h o w e r s imu la t ions . 

T h e s ize of the in teract ing s y s t e m c a n be m e a s u r e d by s tudy ing 
cor re la t ions a m o n g ident ical par t ic les. T h e e n h a n c e d p roduc t ion of 
b o s o n s wi th s imi lar m o m e n t a can be used to m e a s u r e the sou rce 
s ize v ia H a n b u r y - B r o w n T w i s s ( H B T ) in ter ferometry . D a n Mages t ro 
of Oh io Sta te no ted that H B T s tud ies are p e r h a p s the least-under
s tood m e a s u r e m e n t m a d e at R H I C . T h e expe r imen ts at R H I C have 

f ound that the s y s t e m is sma l l , w i th a G a u s s i a n rad ius of a r o u n d 
6 f m a n d a l i fet ime of 8 - 1 0 f m / c . Th i s sma l l s ize and shor t l i fet ime 
is di f f icul t to reconc i l e w i th t he o b s e r v e d co l lec t i ve f l ow. 
M e a s u r e m e n t s by the S T A R co l labora t ion of H B T pa rame te rs wi th 
respect to the react ion p lane s h o w that the initial eccentr ic i ty of the 
react ion v o l u m e su rv i ves to the f inal-state H B T m e a s u r e m e n t s . 

Je f f Mi tchel l o f B N L r e v i e w e d s t u d i e s of t he even t - t o -even t 
var ia t ions of a var ie ty of o b s e r v a b l e s . Mos t of the f luc tuat ions c a n 
be unde rs tood as no rma l stat ist ical va r ia t ions , but non-stat ist ical 
f luc tuat ions h a v e a lso b e e n c o n f i r m e d , e.g. in m e a n p T . T h e s e m a y 
be d u e to je t p roduc t ion . 

D o g l u o n s c o n d e n s e ? 
A s e c o n d a r y t h e m e at t h e c o n f e r e n c e w a s t he s t u d y of pa r ton 
d is t r ibut ions at low-x ( f ract iona l par ton m o m e n t u m ) a n d a pos tu 
lated new sta te of mat ter , t he " co lou red g lass c o n d e n s a t e " or C G C . 
J a m a l Ja l i l ian-Mar ian f rom the Un ivers i ty of W a s h i n g t o n exp la ined 
that the c o n d e n s a t e m a y fo rm at v e r y h igh g luon dens i t ies , i.e. at 
low-x, espec ia l l y in h e a v y nuc le i . W h e n g luons sa tu ra te the ava i l 
ab le t r ansve rse p h a s e s p a c e , t h e y r e c o m b i n e a n d their dens i t y is 
r e d u c e d . T h e s e g luon f ie lds m igh t be d e s c r i b a b l e c lass ica l l y . 
M e a s u r e m e n t s at H E R A of low-x g luon dens i t ies and the surpr is ing ly 
low mult ip l ic i t ies s e e n at R H I C w e r e p rev ious ly c i ted as e v i d e n c e 
for the C G C . T h e B R A H M S co l labora t ion p resen ted t w o p ieces of 
e v i d e n c e regard ing the C G C . The i r charged-par t i c le rapidi ty distr ib
ution for d A u col l is ions d o e s not ma tch the C G C predict ions. Rami ro 
D e b b e of B r o o k h a v e n s h o w e d tha t f o rwa rd p roduc t i on of h igh -p T 

part ic les in d A u co l l is ions is s u p p r e s s e d , as e x p e c t e d for a C G C . 
H o w e v e r , desp i te s t rong a d v o c a c y by p roponen t s of the C G C , m a n y 
at t he c o n f e r e n c e felt tha t m o r e quan t i ta t i ve s tud ies are n e e d e d 
before a l ternat ive exp lana t i ons can be ru led out. D> 
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A n d n o w f o r s o m e t h i n g c o m p l e t e l y d i f f e r e n t 
Al though the main goal of col l id ing h e a v y ions is to detect a n d s tudy 
the Q G P , m a n y other aspec ts of h igh-energy phys ics can be s tud ied 
in t h e s e co l l i s ions . O n e e x a m p l e c o n c e r n s the o b s e r v a t i o n s of a 
n e w part ic le wi th a m a s s of a b o u t 1540 M e V and a nar row w id th , 
w h i c h has been repor ted by seve ra l e x p e r i m e n t s ( s e e p 2 9 ) . Rober t 
Ja f fe of MIT exp la ined that the resul ts are cons is ten t wi th the expec
ta t i ons for a p e n t a q u a r k s ta te (a b o u n d s ta te of f ive v a l e n c e 
q u a r k s ) , k n o w n as the 0 + . 

Chr is P inkenburg of B r o o k h a v e n repor ted that t he P H E N I X co l lab
ora t ion has o b s e r v e d an e n h a n c e m e n t cons i s ten t wi th an a n t i - 0 
part ic le d e c a y i n g into an ant i -neut ron a n d a K". T h e ant i -neut rons 
w e r e de tec ted wi th the P H E N I X e lec t romagne t i c ca lo r imete rs and 
the f l ight t ime w a s used to de te rm ine their energy . If con f i rmed , this 
w o u l d be t he f irst o b s e r v a t i o n of an an t i - pen taqua rk . T h e N A 4 9 
exper imen t at C E R N ' s S P S has f ound a s ignal for the doub ly s t range 
E " pen taqua rk in the d e c a y S ~ - > S " + jt". H o w e v e r , the H E R A - B 
e x p e r i m e n t at D E S Y has s e a r c h e d for t he 0 + par t ic le in p r o t o n -
nuc leus col l is ions, but f o u n d no s igna l . 

In add i t ion to s tudy ing the had ron i c reac t ions , t he S T A R co l labo
rat ion has a lso inves t iga ted the pho top roduc t i on of p° m e s o n s in 
g o l d - g o l d co l l is ions at R H I C . In con t ras t to the e l e c t r o n - n u c l e u s 
reac t ions , the pho top roduc t i on in a heavy - ion react ion can occu r at 
e i ther of the t w o b e a m nuc le i . For v e r y sma l l t r ansve rse m o m e n t a 

t he a m p l i t u d e s f r o m the t w o s o u r c e s in ter fere des t ruc t i ve l y . 
S i n c e t he p° l i fe t ime is s h o r t w h e n c o m p a r e d w i th the t yp i ca l 
i o n - i o n s e p a r a t i o n , the obse rva t i on of th is in ter fe rence ind ica tes 
that the p° w a v e func t ion is p rese rved long after the d e c a y into t w o 
p ions took p lace . 

L o o k i n g t o t h e f u t u r e 
With fair ly b road a g r e e m e n t tha t w e h a v e f inal ly s e e n Q G P , fu ture 
s tud ies will f o c u s on m e a s u r i n g its p roper t ies . Y v e s S c h u t z of the 
École des Mines de Nan tes p rev iewed the fu ture in his talk on h e a v y 
ions at the Large H a d r o n Col l ider. G r o u p s in the A L I C E , C M S and 
A T L A S co l labora t ions are all in terested in h e a v y ions. Wi th regard to 
R H I C , Axe l D r e e s of S U N Y , S t o n y Brook , s h o w e d p lans for ma jo r 
detector upg rades and an e lect ron coo l ing ring to increase the lumi
nosi ty by a fac tor of 40 . A r o u n d 2 0 1 5 - 2 0 2 0 RHIC cou ld a d d an 
e lect ron ring to s t udy e l e c t r o n - i o n co l l is ions. In the nearer fu ture , 
howeve r , w e can look fo rward to Q u a r k Mat ter 2 0 0 5 , wh i ch will be 
held on 1-6 A u g u s t 2 0 0 5 , in Budapes t , H u n g a r y . 

F u r t h e r r e a d i n g 
T h e ta lks p r e s e n t e d at Q u a r k Mat te r 2 0 0 4 are ava i l ab le on the 
con fe rence webs i t e at h t t p : / / q m 2 0 0 4 . l b l . g o v . 

S p e n c e r K l e i n , LBNL, a n d J o a k i m N y s t r a n d , University of Bergen. 
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The challenge of 
the pentaquarks 
Volker Burkert reports on Pentaquark 2003, the first topical workshop on 

exotic baryons, which was held at Jefferson Lab in November. 

Fig. 1. The missing mass spectrum for the S+(1540), as 
observed by the CLAS experiment at Jefferson Lab. 

Pen taqua rks - ba ryons m a d e f rom f ive quarks - have been pos tu 
lated and s e a r c h e d for in hadron ic p r o c e s s e s for d e c a d e s . T h e y are 
a l lowed by 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 theory of quarks 
and g luons , but until recent ly all s e a r c h e s for pen taquark s ta tes had 
been inconc lus ive . T h e b reak th rough c a m e in 1997 in a pape r by 
th ree Russ ian phys ic is ts , Dmitr i D iakonov , V ic tor Petrov a n d Max im 
P o l y a k o v . Wi th in a chira l so l i ton m o d e l , t h e y p red ic ted an ant i -
decup le t of 10 ground-s ta te pen taqua rks , three of wh ich had exotic-
f l avou r q u a n t u m n u m b e r s , m e a n i n g tha t thei r q u a n t u m n u m b e r s 
canno t be const ruc ted f rom only th ree quarks . O n e of the s ta tes w a s 
pred ic ted to be long- l ived, a n d wi th a m a s s near 1530 M e V . It took 
ano the r f ive yea rs before a s ta te c lose to this m a s s w a s repor ted 
f rom severa l expe r imen ts (CERN Courier S e p t e m b e r 2 0 0 3 p 5 ) . Th is 
s ta te , initially known as the T, is n o w cal led the 0 + ( 1 5 4 O ) . 

T h e d i scove ry took the c o m m u n i t y by surp r i se . H o w e v e r , wi th in 
on ly four m o n t h s of the b road publ ic a n n o u n c e m e n t in J u l y 2 0 0 3 , 
m o r e than 60 theoret ica l pape rs a p p e a r e d on the sub jec t . It w a s 
the re fo re t ime ly for the D e p a r t m e n t of E n e r g y ' s T h o m a s Je f fe rson 

Fig. 2. The mass spectrum for the S , as observed by NA49 
at CERN. [(b) has combinatorial background subtracted.] 

Labora to ry ( J L a b ) to o rgan ize the first top ica l w o r k s h o p on the s u b 
ject . Wh i le a r o u n d 3 0 to 3 5 phys ic is ts w e r e or ig inal ly expec ted to 
a t tend , a lmos t 120 exper imenta l i s ts a n d theor is ts f rom all ove r the 
wor ld par t ic ipated in the t w o - d a y w o r k s h o p , w h i c h w a s o rgan ized 
into p lenary and focus sess ions . T h e latest results we re presented by 
represen ta t i ves f rom a n u m b e r of expe r imen ta l g roups : G R A A L in 
France ; C O S Y , E L S A and H E R M E S in G e r m a n y ; SPr ing-8 in J a p a n ; 
ITEP in Russ ia ; J L a b and R H I C in the U S , a n d C E R N . 

E x p e r i m e n t a l e v i d e n c e 
T a k a s h i N a k a n o f r om O s a k a d i s c u s s e d the or ig inal f ind ing of t he 
@ + in the pho top roduc t i on of K + K~ pairs off a plast ic scint i l lat ion 
coun te r tha t h a p p e n e d to be insta l led in the b e a m l i n e as a v e t o 
coun te r . He a lso p r e s e n t e d v e r y p re l im ina ry n e w da ta us ing a 
l inear ly po la r i zed p h o t o n b e a m a n d a d e u t e r i u m target . R e p r e 
sen t i ng t he C L A S e x p e r i m e n t , V a l é r y K u b a r o v s k y p r e s e n t e d n e w 
exper imen ta l e v i d e n c e for the 0 + f r om J L a b . T h e C L A S co l labora 
t ion o b s e r v e d a s igna l w i th a s ign i f i cance of abou t 7.8 o for the > 
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produc t ion on pro ton targets , the h ighes t s ign i f i cance for th is s ta te 
to da te ( s e e f igure 1) . T h e s e da ta a l so s h o w s o m e e v i d e n c e fo r 
p roduc t ion of the 0 + t h rough an in te rmed ia te exc i ted n u c l é o n , N * , 
w i th a m a s s nea r 2 4 0 0 M e V . S u c h a s ta te is a l so l ikely to be a 
p e n t a q u a r k b a r y o n , t h o u g h wi th non-exo t i c q u a n t u m n u m b e r s . If 
th is resu l t is c o n f i r m e d , it wil l be t h e f i rst h int of a c o n n e c t i o n 
b e t w e e n the 0 + and the s p e c t r o s c o p y of non-exot ic ba ryon s ta tes . 

N e w e v i d e n c e has a lso c o m e f rom the min ing of old da ta . T h e re-
a n a l y s i s of neu t r i no b u b b l e - c h a m b e r da ta p r e s e n t e d by Mikhai l 
K u b a n t s e v of Fermi lab s h o w s a c lear s ignal at the 0 + m a s s in pK°, 
as d o e s the H E R M E S expe r imen t at D E S Y , w h i c h s tud ied the s a m e 
c h a n n e l , as repo r ted by W o l f g a n g L o r e n z o n . W h i l e th is c h a n n e l 
m e a s u r e s t he abso lu te s t r a n g e n e s s q u a n t u m n u m b e r | S | = 1, it 
d o e s not de te rmine the s ign. A l though the exot ic nature of the s ignal 
is not un ique ly ident i f ied in th is reac t ion , the a b s e n c e of k n o w n 2 
s ta tes tha t cou ld m imic a pen taqua rk in th is m a s s range is used to 
ident i fy t he s ta te indirect ly as the 0 + . 

M i chae l Os t r i ck f r o m B o n n p r e s e n t e d da ta f r o m t h e S A P H I R 
e x p e r i m e n t at t he E L S A m a c h i n e , us ing p h o t o p r o d u c t i o n on pro
t ons . T h i s i nc luded a re-ana lys is of t he pub l i shed resul ts us ing a 
di f ferent techn ique to identify the K°, wh i ch is used to tag the 0 + . He 
c o n c l u d e d that the re is no o b v i o u s d i s c r e p a n c y b e t w e e n the pub 
l ished results and the re-ana lysed da ta . Car lo Schaer f of INFN R o m a 
repo r ted on s e a r c h e s for t he 0 + at t he G R A A L de tec to r at t he 
E u r o p e a n Synch ro t r on Rad ia t ion Faci l i ty us ing a pho ton b e a m on a 
d e u t e r i u m ta rge t a n d a n o n - m a g n e t i c de tec to r w i th a large B G O 
( b i s m u t h g e m a n a t e ) ca lor imeter . A l t h o u g h the repor ted stat is t ics 
are cur rent ly too low to conc l ude m u c h , the s e a r c h in the exc lus ive 
c h a n n e l w i th a A 0 + in the f inal s ta te looks promis ing . 

O the r s e a r c h e s are a lso u n d e r w a y at the C O S Y synch ro t ron at the 
Ju l i ch R e s e a r c h Cent re us ing p r o t o n - p r o t o n scat ter ing, w h e r e the 
0 + m a y be p roduced in assoc ia t ion wi th a 2 + h y p e r o n , a n d with the 
S T A R a n d P H E N I X de tec to rs 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 ) . For centra l g o l d - g o l d co l l i s ions at the R H I C , o n e 
e x p e c t s a b o u t o n e 0 + per co l l i s ion a c c o m p a n i e d by t h o u s a n d s 
of o ther par t ic les. 

C a s c a d e p a r t i c l e s 
T h e 0 + is not the only pen taquark s ta te that the m o d e l s predict . In 
the chiral sol i ton mode l the 0 + is an isosinglet m e m b e r of an ant i -
d e c u p l e t of 10 s ta tes that , in a q u a r k p ic tu re , a re m a d e of f ou r 
quarks and one ant iquark. T h e mode l predicts nine other pentaquark 
s ta tes , t w o of w h i c h h a v e exot ic - f lavour q u a n t u m n u m b e r s . T h e s e 
are the c a s c a d e par t ic les, E " a n d E + . I ndeed the E " m a y h a v e 
b e e n o b s e r v e d at C E R N in t he N A 4 9 e x p e r i m e n t . R e p r e s e n t i n g 
N A 4 9 , Kreso Kadi ja repor ted e v i d e n c e for a nar row c a s c a d e E " at 
a m a s s of 1862 M e V and with a w id th of less that 18 M e V (f igure 2 ) . 
S u c h a state mus t have exot ic- f lavour q u a n t u m n u m b e r s requir ing at 
least f ive qua rks (CERN Courier D e c e m b e r 2 0 0 3 p5 ) . T h e s e da ta 
lend s u p p o r t to the s y m m e t r y p roper t ies of p e n t a q u a r k s ta tes as 
pred ic ted in the chiral sol i ton m o d e l , or in the quark-c lus ter p icture. 

Represen ta t i ves of all theoret ica l pe rsuas ions w e r e present at the 
w o r k s h o p . Dmitr i D iakonov of N O R D I T A in C o p e n h a g e n p resen ted 
r e a s o n s w h y the 0 + might be so light. In the chiral so l i ton m o d e l , it 
is a co l l ec t i ve exc i ta t ion of t he m e a n ch i ra l f ie ld tha t b inds t h e 

From left to right: Dmitri Diakonov, Harry Lipkin and 
Robert Jaffe in discussion at the Pentaquark workshop. 

b a r y o n s , and not a s u m of the cons t i t uen t q u a r k s . For t he s a m e 
reasons it w o u l d be nar row. In the infinite m o m e n t u m f r a m e it can 
only d e c a y in t rans i t ions b e t w e e n the 0 + a n d the f ive-quark c o m 
p o n e n t of t he n u c l é o n w a v e f u n c t i o n . S i m o n C a p s t i c k of F lor ida 
Sta te p resen ted an o v e r v i e w of va r i ous theore t ica l m o d e l s for pen -
taqua rks . A natura l exp lana t ion for the n a r r o w n e s s of the 0 + is tha t 
it is an iso tensor b a r y o n . H o w e v e r , th is possib i l i ty is current ly not 
suppo r ted by the exper imen ta l da ta . 

A l t e r n a t i v e m o d e l s 
Rober t Ja f fe of MIT p resen ted the qua rk c lus ter m o d e l tha t s tar ts 
f r om t w o d iquark c lus ters a n d o n e s t range an t iquark . Th i s m o d e l 
a lso predicts an an t idecup le t but wi th m a s s a s s i g n m e n t s that differ 
f rom the one predic ted by the chiral sol i ton mode l s . O n e unreso lved 
p rob lem is that th is mode l n e e d s a na r row nuc leon- l ike f ive-quark 
s ta te , wh i ch is ident i f ied wi th the R o p e r r e s o n a n c e at 1440 MeV. 
H o w e v e r , th is s ta te has a w id th o f m o r e t h a n 3 0 0 M e V . M a r e k 
Kar l iner of C a m b r i d g e Un ive rs i t y d i s c u s s e d an a l te rna t i ve qua rk 
c luster m o d e l , d e v e l o p e d wi th Har ry Lipkin of t he W e i z m a n n Insti
tu te , w h e r e the f i ve-quark s ta tes are c o m p o s e d of t r i q u a r k - d i q u a r k 
c lusters. T h e y predict that nar row f ive-quark s ta tes a n a l o g o u s to the 
0 + shou ld a lso occu r in the c h a r m a n d bo t tom sector . 

Michal Prasza lowicz of B r o o k h a v e n d i scussed pen taqua rks in the 
S U ( 3 ) S k y r m e and chiral quark so l i ton m o d e l s . T h e first latt ice Q C D 
resul ts p resen ted by Kei-Fei Liu of Ken tucky Un ivers i ty a n d T a m a s 
Kovacs of Wupper ta l do not present a cons is tent picture. T w o groups 
( K o v a c s and Sho ich i S a s a k i ) m e a s u r e d a p e n t a q u a r k s ignal c o n 
s is ten t in m a s s w i th t he e x p e r i m e n t a l o b s e r v a t i o n , wh i l e a th i rd 
g roup (L iu) s a w no resonan t s igna l . T h e g roups wi th a posi t ive result 
predict the par i ty of the 0 + ( 1 5 4 O ) to be nega t i ve , wh i le both the 
chiral sol i ton and quark c luster m o d e l s requ i re posi t ive pari ty. 

D iscuss ions in the f ocus s e s s i o n s a d d r e s s e d ques t i ons of h o w to 
obta in more in format ion on proper t ies s u c h as s p i n / p a r i t y a n d the 
natural w id ths of the 0 + ( 1 5 4 O ) , as wel l as n e w expe r imen ts that 
can identi fy o ther p red ic ted pen taqua rk s ta tes . Expec ted new da ta 
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- a new kind of hyperon? Old 'new particles' 
T w o h igh-s ta t is t i cs b u b b l e - c h a m b e r 
e x p e r i m e n t s us ing n e g a t i v e k a o n b e a m s 
h a v e s e e n a n e w h y p e r o n at 3 .17 G e V 
w i t h a w i d t h of not m o r e t h a n 2 0 M e V . 

T h e f i rs t e v i d e n c e c a m e f r o m a 
B i r m i n g h a m - C E R N - G l a s g o w - M i c h i g a n 
S t a t e - P a r i s c o l l a b o r a t i o n , w h i c h s t u d i e d 
t h e in te rac t ion of 8 .25 G e V n e g a t i v e 
k a o n s w i t h h y d r o g e n in t h e C E R N 2 m 
b u b b l e c h a m b e r . T h e resu l t w a s 
c o n f i r m e d by a C a m b r i d g e - M i c h i g a n 
S t a t e co l l abo ra t i on t ha t u s e d 6.5 G e V 
n e g a t i v e k a o n s in t h e A r g o n n e 12 foo t 
h y d r o g e n b u b b l e c h a m b e r . 

Bo th e x p e r i m e n t s l o o k e d fo r r e a c t i o n s 
w h e r e t h e k a o n hi ts a p r o t o n , p r o d u c i n g 
a p ion a n d a h y p e r o n tha t t h e n d e c a y s 
in to m a n y par t i c les , o f w h i c h m o r e t h a n 
o n e ca r r i es s t r a n g e n e s s . 

A s h a r p s igna l w a s s e e n in t h e 
f i ve -body a n d s i x -body d e c a y s a t a m a s s 
of 3 .17 G e V , w h i l e no c o r r e s p o n d i n g 
e f fec t w a s s e e n w i t h j us t o n e s t r a n g e 
par t i c le in t h e f ina l s t a te . T h e n e w 
h e a v y par t i c le a l so a p p e a r s to c o m e 
ou t f o r w a r d s , w h i c h to t h e in i t ia ted 
s u g g e s t s t ha t b a r y o n e x c h a n g e 
is r e s p o n s i b l e . 

T h e d o m i n a n c e of f ina l s t a t e s 
c o n t a i n i n g m a n y s t r a n g e pa r t i c les , 
t o g e t h e r w i t h t h e e x c e p t i o n a l l y n a r r o w 
w i d t h o f t h e s i g n a l , s u g g e s t s t ha t t h e 
n e w h y p e r o n c o u l d h a v e a n u n u s u a l l y 
c o m p l e x in te rna l s t r u c t u r e . 

R e c e n t l y , t h e o r e t i c i a n s h a v e p r e d i c t e d 
t h e e x i s t e n c e of " e x o t i c " b a r y o n s 

c o n t a i n i n g a q u a r k - a n t i q u a r k pa i r 
in add i t i on to t he usua l c o m p l e m e n t o f 
t h r e e q u a r k s , a n d w h i c h w o u l d no t 
b e h a v e l ike n o r m a l b a r y o n s . T h e n e w 
h y p e r o n c o u l d be o n e of t h e s e 
exo t i c s t a t e s . 
• R e p r i n t e d f r o m CERN Courier 
J a n u a r y / F e b r u a r y 1980 . 

F u r t h e r r e a d i n g 
T h e da ta in th is ar t ic le w e r e pub l i shed in : 
J A m i r z a d e h et ai 1979 Physics Letters 
8 9 B 125. Fur the r da ta w e r e co l lec ted in 
bo th e x p e r i m e n t s a n d p resen ted at the 
B a r y o n 1980 c o n f e r e n c e , s e e J A m i r z a d e h 
etal. 1980 Proc. IV Int. Conf. on Baryon 
Resonances, T o r o n t o , C a n a d a . 

Observations of a new heavy hyperon in negative kaon interactions in (a) the C E R N 
2 m bubble chamber and (b) the Argonne 12 foot bubble chamber. The smooth curve 
in (a) and (b) shows the estimated background, and (c) shows the effect of combining 
the two sets of data from the different experiments. This narrow state, which decays 
into many strange particles, could be an "exotic" baryon containing more than three 
quarks. [R+ is the system recoiling against a n in the reaction K~p -> K ~ R + . ] 

f r om J L a b shou ld h a v e suf f ic ient stat is t ics to m e a s u r e full angu la r 
d is t r ibu t ions a n d d e t e r m i n e the s p i n . Ident i f icat ion of t he par i ty, 
m e a n w h i l e , m a y requ i re m e a s u r e m e n t s us ing l inear ly po la r i zed 
pho ton b e a m s or expe r imen ts wi th had ron b e a m s . 

T h e m a s s of the 0 + ( 1 5 4 O ) is not as wel l es tab l ished as one might 
expec t f rom a nar row s ta te , a n d ranges f rom 1528 to 1555 MeV , 
w h i c h is ou ts ide the uncer ta in t ies g i ven by the expe r imen ts . It w a s 
e m p h a s i z e d that th is issue s h o u l d be a d d r e s s e d urgent ly as it has 
impac t on m a s s pred ic t ions for o ther f i ve-quark s ta tes . 

T h e q u e s t i o n : " w h y h a v e p e n t a q u a r k s ta tes not b e e n s e e n 
b e f o r e ? " w a s asked f requen t l y and s o m e a n s w e r s w e r e g i ven . For 
e x a m p l e , da ta on K + n p h a s e sh i f ts a re qu i te poo r in t he cor re 
s p o n d i n g m a s s range a n d h a v e o b v i o u s ho les . A t t he e n d of the 
w o r k s h o p one p iece of ear ly e v i d e n c e w a s s h o w n f rom da ta on K + p 
scat ter ing f rom the 2 m bubb le c h a m b e r at C E R N . T h e da ta s h o w a 

smal l but s igni f icant peak at a pK° m a s s of 1540 MeV, h o w e v e r on ly 
at the h ighest K + b e a m m o m e n t u m . 

In the final sess ion Kim Ma l tman of Yo rk Univers i ty , To ron to , put 
the expe r imen ta l e v i d e n c e a n d theore t i ca l a p p r o a c h e s into the i r 
proper perspect ives and d i scussed the relative meri ts of the different 
theoret ical concep ts . A s e c o n d w o r k s h o p on pen taquarks is p lanned 
for J u l y 2 0 0 4 , a n d will be he ld at SPr ing -8 in J a p a n . A P rog ram 
A d v i s o r y Mee t ing he ld at J L a b f r o m 1 2 - 1 6 J a n u a r y 2 0 0 4 a lso 
accep ted four addi t iona l pen taqua rk expe r imen ts , w h i c h will c o n 
t inue to add to the col lect ive know ledge abou t this ba ryon s y s t e m . 
• F o r t h e full p r o g r a m m e , inc luding all the ta lks, see : w w w . j l a b . o r g / 
i n t r a l a b / c a l e n d a r / a r c h i v e 0 3 / p e n t a q u a r k / p r o g r a m . h t m l . 

V o l k e r B u r k e r t is Hall B leader (CEBAF Large Acceptance 
Spectrometer) at Jefferson Lab. 
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A W A R D S 

ATLAS presents best supplier 
award to Russian manufacturer 

ATLAS spokesperson Peter Jenni (right) presents the award for best ATLAS supplier to 
Anatoly Kryuchkov, the deputy general director and technical director ofMolniya. 

The Russian machine-bui lding plant Molniya 
has been awarded a best ATLAS suppl ier 
prize for excel lence in the construct ion of 29 
modules f o r t he ATLAS liquid argon 
Hadronic End-Cap Calor imeter ( H E C ) . T o 
manufacture the unique copper plates and 
module structures required, the company set 
up a dedicated product ion process and 
deve loped str ingent quality-control criteria. 
Molniya completed the task on t ime, within 
budget and the completed modules 

surpassed required quality s tandards. Of the 
29 modules , 13 are series modules that 
have al ready been integrated into the four 
whee ls of the detector; the remaining 16 are 
calibration modules designed f o r t he 
ATLAS beam tests. 

The project, which ran from 1998 -2004 , 
was executed within a col laboration of the 
International Science and Techno logy Centre 
( ISTC) , involving C E R N , MPI Munich and IHEP 
Protvino, together with Molniya, and was led 

ISTC proposal group leader Elena Ryabeva 
holds the award presented to the ISTC for 
their contribution to the Molniya project 

by Serguei D e n i s o v f r o m IHEP Protvino. In 
present ing the award to Anatoly Kryuchkov, 
deputy general director and technical director 
of Molniya, Peter Jenn i , the ATLAS spokes
person, emphas ized the va lue of high-quality 
componen ts to the HEC, as it will play a 
central role in the physics of the LHC. He went 
on to acknowledge the contribution made 
by the ISTC to the project by presenting a 
second award to the ISTC proposal group 
leader Elena Ryabeva . 

C E R N S P S C 

Special meeting to 
consider future 
fixed-target plans 
A special meet ing of CERN 's S P S and PS 
Exper iments Commit tee, the S P S C , will be 
held in Vil lars, Switzer land, f rom 2 2 - 2 8 
September 2004. The purpose of this special 

meet ing is to review both the present and 
future activities and opportunit ies in 
fixed-target physics, and to consider the 
possibil it ies and opt ions for a future f ixed-
target p rogramme at C E R N . 

The chai rman of the SPSC would like the 
groups that are currently working on f ixed-
target exper iments at C E R N , and those who 
have the submiss ion of proposals for such 
exper iments in mind, to forward to the S P S C 
secretariat a short report indicating their ideas 

and plans for the future. These submiss ions 
will only be f o r t h e purpose stated here; they 
will in no w a y be considered as binding with 
respect to the subsequent preparat ion and 
submiss ion of letters of intent and proposals 
to the S P S C . 

Further details concerning the meet ing and 
the important dates leading up to it will be 
avai lable soon on the SPSC websi te at: 
h t t p : / / c o m m i t t e e s . w e b . c e r n . c h / C o m m i t t e e s / 
S P S C / W e l c o m e S P S C . h t m l . 
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T h e Budker Institute of Nuclear Physics 
( B I N P ) in Novosib i rsk, Russ ia , recently 
p layed host to a visit f rom C E R N ' s 
d i rector-general , R o b e r t A y m a r . T h e 
purpose of the visit w a s to introduce the new 
director-general to the institute and to al low 
him to see the substant ia l contr ibut ion to the 
Large Hadron Col l ider that B INP is making in 
the f ramework of the C E R N / R u s s i a 
agreement . A y m a r is seen here, on the left of 
the picture, together wi th A l e x a n d e r 
S k r i n s k y ( cen t re ) , the director of BINP, and 
L y n E v a n s , the LHC project leader. 

H O N O U R S 

Virginia honours parton theorist Radyushkin 
r Anato ly Radyushk in , of the Depar tment of 

Energy 's T h o m a s Jef ferson National 
Accelerator Facility and Old Domin ion 
University, has been named as one of three 
Outstanding Virginia Scientists for 2004. 
Radyushk in , who received his PhD from 
Moscow State University in 1978, is also a 
permanent staff member of the Laboratory of 
Theoret ical Physics in Dubna , Russia. He is a 
pioneer in developing general ized parton 
distr ibutions, and in 1991 came to Virginia, 
where exper iments measur ing general ized 
parton distributions form an essential part 
of the long-term physics p rogramme at 
Jef ferson Laboratory. 

Frampton's work 
celebrated at Coral 
Gables conference 
Paul Frampton, of the University of North 
Carol ina at Chapel Hill, was honoured recently 
at the Coral Gables 2003 Conference in High 
Energy Physics and Cosmology. The meet ing 
w a s held on 17 -21 December in Fort 
Lauderdale, Florida, and the first two days 
were dedicated to Frampton 's contr ibut ions to 
the field in honour of his 60th birthday. 
Speakers at the birthday "fest" included fre
quent col laborators T o m Kephart of Vanderbi l t 
University and Y Jack Ng of Chapel Hill, as well 
as Alan Guth of MIT, Pham Quang Hung of 
U VA-C h a rl ottesvi Me, Holger Nielsen f rom the 

Paul Frampton (right) talks over dinner with Gerard't Hooft (left) and Sheldon Glashow. 

Niels Bohr Institute, Copenhagen , and Mark 
Wise of Cal tech. At tendees included former 
students Marcelo Ubriaco from Puerto Rico 
and Otto Kong from Ta iwan ; former Chapel Hill 

postdocs O s a m u Y a s u d a and Tadash i 
Yosh i kawa , w h o made the trip f rom J a p a n ; 
and Nobel laureates She ldon Glashow, 
G e r a r d ' t Hooft and Martinus Ve l tman. 

34 C E R N C o u r i e r April 2004 



PEOPLE 

M E E T I N G S 

T h e I n t e r n a t i o n a l T i c e r S c h o o l 2 0 0 4 , 
formerly known as the International S u m m e r 
School on the Digital Library, has announced 
courses for June and August . In these high-
standard courses, exper ienced international 
lecturers deal with several interesting and 
current topics. The first of the latest courses, 
on "Digital Libraries and e-Publ ish ingfor 
Sc ience, Techno logy and Medic ine" , will be 
held at CERN on 13 -18 J u n e . For further 
information, see www.t icer .n l . 

T h e A u s t r a l i a - N e w Z e a l a n d S e m i c o n 
d u c t o r I n s t r u m e n t a t i o n W o r k s h o p will be 
held at the Royal Society of New Zea land in 
Well ington from 1 6 - 1 8 J u n e . T h e workshop 
will be dedicated to semiconductor instru
mentat ion for particle physics (e.g. the ATLAS 
and CMS exper iments at C E R N ) , medical 
physics and astrophysics. It is expected to 
create synergies between the high-energy 
particle, medical and astrophysics commun i 
ties of New Zea land , Austral ia and the rest of 
the wor ld . For more informat ion, see 
h t tp : / /hep-pro jec t -anz-workshop.web.cern .ch . 

T h e S i x t h I n t e r n a t i o n a l W o r k s h o p o n 
R a d i a t i o n I m a g i n g D e t e c t o r s will take place 
at the University of Glasgow, UK, f rom 2 5 - 2 9 
July. Registration is now open and the deadl ine 
for submission of abstracts is 1 June . For more 
details, see www.iwor id2004.ph.gla.ac.uk. 

T h e 5 t h R e n c o n t r e s d u V i e t n a m 2 0 0 4 , 
" N e w V i e w s in P a r t i c l e P h y s i c s " will be 
held from 5 -11 August in Hanoi , V ie tnam. 
The aim of the Rencontres has been to extend 
the successfu l scientific international col labo
ration between Europe, Russia, Japan and the 
United States to the emerging Pacific Rim 
countr ies. As a natural cont inuation of the 
series, two parallel conferences, one on parti
cle physics and the other on astrophysics, will 
be organized in 2004. For more informat ion, 
see h t tp : / / v ie tnam. in2p3 . f r /2004 . 

T h e 10th I n t e r n a t i o n a l S y m p o s i u m o n 
P a r t i c l e s , S t r i n g s a n d C o s m o l o g y 
( P A S C 0 S 0 4 ) will be held at Northeastern 
University, Boston, Massachuset ts , on 1 6 - 2 2 
August . It will bring together leading experts in 
the three discipl ines to discuss interconnec
t ions, assess current progress and possible 
future directions. There will also be a strong 
exper imental component . This year the s y m 
posium will include a special p rogramme in 
honour of Pran Nath on his 65th birthday. For 
further details, see www.pascos04 .neu .edu . 

T h e 11th E u r o S u m m e r S c h o o l o n E x o t i c 
B e a m s will be held at the University of Surrey, 
Gui ldford, UK, on 1 9 - 2 7 August . This E U -
funded school is intended for s tudents and 
young postdocs starting to work in f ields 
related to radioactive ion beams. It consists of 
six lecture courses given by special ists in 
exotic beams, starting from a basic level. The 

C E R N was host to the meet ing of the 
Internat ional Adv isory Panel of the Center for 
Advanced Mathemat ica l Sc iences of the 
Amer i can Univers i ty of Beirut on 16 January . 
Th is external rev iew and advisory commi t tee 
meets once a year to fo l low up on the 
cent re 's activi t ies and to advise on 
appo in tments etc. T h e panel is current ly 
chai red by Fields Medal l is t S i r M i c h a e l 
A t i y a h , w h o is sea ted second f rom the right 
next to S i r J a m e s M i r r l e e s . the recipient 
of the 1996 Nobel prize in economics 
( second f rom left) . 

deadl ine for registration is 1 J u n e ; an online 
registration form can be found on the web at 
www.ph .su r rey .ac .uk / cn rp /eu roschoo l04 . 
Further information is also avai lable by e-mail 
f rom euroschool@surrey.ac .uk . 

T h e 8 t h I n t e r n a t i o n a l W o r k s h o p o n 
T a u - L e p t o n P h y s i c s , T a u 0 4 , will be held in 
Nara, J a p a n , on 1 4 - 1 7 September . This 
workshop is organized every two years to 
d iscuss recent progress in physics of the tau 
lepton and its associated neutr ino. For 
further informat ion, see www.hep l .phys . 
n a g o y a - u . a c . j p / p u b l i c / T a u 0 4 / , e-mail 
tau04@hepl .phys .nagoya-u .ac . jp , or fax 
+81 742 20 3390 . 

C o s m o 0 4 , t h e a n n u a l C o s m o 
I n t e r n a t i o n a l C o n f e r e n c e o n P a r t i c l e 
P h y s i c s a n d C o s m o l o g y , will be hosted by 
the Canad ian Institute for Theoret ical 
Ast rophys ics in Toronto on 17 -21 September . 
The conference, which will be devoted to the 
modern interfaces between fundamenta l and 
phenomenolog ica l particle physics and 
physical cosmology and ast ronomy, will take 
place at the down town campus of the 
University of Toron to . Top ics covered will 
include inflation, cosmological f luctuations, 
astropart icle physics, neutr ino astrophysics, 
dark matter, the cosmological constant 
and cosmic mic rowave background. 
For further informat ion, see 
www.c i t a . u to ron to . ca /~cosmo04 . 
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Luis Masperi 1940-2003 
Luis Masperi, who was director of the Latin 
American Centre for Physics (CLAF) , passed 
away on 2 December 2003 after a short ill
ness. Born in Spoleto, Italy, Masperi was raised 
in Argentina and became an Argent inean citi
zen . Following a doctorate from the National 
University of Cuyo in 1969, he became a theo
retical physicist of international renown. From 
1982 to 1984 he served as president of the 
Argentinean Physical Society, but he also 
maintained links with his native Italy through 
numerous visits and in particular a lifelong 
relationship with the International Centre for 
Theoretical Physics in Trieste. From 1998, as 
director of CLAF, he worked tirelessly to pro
mote links between Latin Amer ican physicists 
and the global physics communi ty. A notable 

success was the organization of the first C E R N -
CLAF School of High Energy Physics in 2001. 

Masperi 's international reputation rested 
not only on his research, but also on his dedi
cation to world peace. In 1992 he shared the 
Amer ican Physical Society 's Forum Award with 
fel low Latin Amer ican physicists Luis Pinguelli 
Rosa, Alberto Ridner and Fernando de Sousa 
Barros, for efforts in persuading Argent ina and 
Brazil to abandon their nuclear weapons 
programmes; and from 1999 to 2002 he was 
a member of the Pugwash Counci l . 

His boundless energy and enthus iasm 
for what he bel ieved in will be sorely missed 
by all of those who worked with him and 
shared his ideals. 
Juan-Antonio Rubio, CERN. 

John Harry Adlam 1924-2004 
John Harry Ad lam, one of the early contr ibu
tors to accelerator des ign, died on 4 February. 
A col league and great fr iend of mine for many 
years , John was contemporary with John and 
Mary Bell, and many other il lustrious person
nel at the Br i t ish/Amer ican Laboratory based 
in The Lees, Great Malvern. This had been 
home to some of the early British scientif ic 
advances in accelerator physics. In 1952 
John and I worked as a smal l team on 
dielectric measurements of t i tanium and 
bar ium oxide disks that had formed part of 
the structure of a dielectric loaded linear 
accelerator, which was designed by R B R 
Shersby-Harv ie etal. Sadly, this was before 
the phenomenon of mult ipactor had been 
d iscovered and the accelerator fai led. 

Interest had begun in accelerat ing protons 
in a linear accelerator structure and work 
moved to Harwell in 1954, where there was a 
project for a 300 MeV proton linac in 

conjunct ion with teams from several British 
universit ies. The project was t runcated from 
300 to 50 MeV fol lowing a major improve
ment in the eff iciency of beam extraction 
f rom synchrocyc lot rons. 

There were difficulties in f inding a solut ion 
to the focusing of protons in an accelerator as 
the known method in use relied on grid 
structures in the beam path that were lossy. 
John and I deve loped a sys tem for cavity field 
measurement that was based on perturbation 
of the field with metallic and dielectric 
objects. At about the same t ime he produced 
a paper that turned out to descr ibe the 
forerunner for the radiofrequency quadrupole, 
whose deve lopment came much later f rom 
the United States. That deve lopment revolu
t ionized the difficult part of heavy-part icle 
accelerat ion, namely the low-energy end of 
the spect rum where Cockcro f t -Wal ton 
generators formerly held sway. 

In 1955 John was moved from his previous 
work to join a team that was developing the 
"Da in " va lve , a cont inuously pumped triode 
for use with the 50 MeV accelerator. The 
tr iode was used successful ly on the accelera
tor at the Rutherford Laboratory, which came 
into being as a laboratory alongside Harwell 
but outside the securi ty fence, as the work 
was open to all. 

Later on , in 1963, John moved to Cu lham, 
where a fusion laboratory had been set up 
with John A d a m s as director, between his 
days at CERN as leader of the PS project and 
thereafter as leader of the SPS project. 

John retired in 1989 and lived in 
S u m m e r t o w n , Oxford. He sl ipped on ice this 
year and was hospital ized. He died in hospital 
as a result of an internal haemorrhage from 
an untreated hernia. 
Frank James, CERN 1954-1960 and 
1969-1985. 

V A C U U M V A L V E S 
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Director 
Fermi National Accelerator Laboratory 

T h e F e r m i l a b B o a r d o f O v e r s e e r s o f U n i v e r s i t i e s R e s e a r c h 

A s s o c i a t i o n , Inc. ( U R A ) h a s in i t i a ted a s e a r c h f o r a n e w D i r e c t o r o f t h e 

F e r m i N a t i o n a l A c c e l e r a t o r L a b o r a t o r y in B a t a v i a , I l l inois. T h e p o s i t i o n , 

f o r a t e r m of f i v e y e a r s w i t h t h e p o s s i b i l i t y o f e x t e n s i o n fo r a m u t u a l l y 

a g r e e d t i m e , wil l be a v a i l a b l e J u l y 1 , 2 0 0 5 . T h e S e a r c h C o m m i t t e e 

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

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

a n d o t h e r i n f o r m a t i o n b e a r i n g o n t h e c a n d i d a t e s ' q u a l i f i c a t i o n s f o r t h e 

D i r e c t o r s h i p . R e l e v a n t q u a l i f i c a t i o n s i n c l u d e s c i e n t i f i c s t a t u r e , 

l e a d e r s h i p capab i l i t y , a n d m a n a g e m e n t s k i l l s . T h e m e m b e r s h i p of t h e 

S e a r c h C o m m i t t e e a n d its c h a r g e a r e p o s t e d at 

h t t p : / / w w w . f n a I . g o v / d i rec torsea rch . 
C o m m u n i c a t i o n s s h o u l d b e s e n t a s s o o n a s p o s s i b l e , 

p r e f e r a b l y b e f o r e M a y 1 5 , 2 0 0 4 , 

a n d s h o u l d b e a d d r e s s e d to : 

Ezra He i towi t , V i c e Pres ident 
Univers i t ies R e s e a r c h A s s o c i a t i o n , Inc. 

Sui te 4 0 0 , 1 1 1 1 1 9 t h Street , N.W. 
W a s h i n g t o n , D.C. 20036 

e-mail: s e a r c h @ u r a . n w . d c . u s 

A c o n s o r t i u m of n inety major r e s e a r c h un ivers i t i es , 

U R A o p e r a t e s Fermi lab u n d e r c o n t r a c t w i th t h e U.S. D e p a r t m e n t of E n e r g y 

U R A is a n equa l o p p o r t u n i t y employer . 

T E C H N I S C H E 
U N I V E R S I T À T 
D R E S D E N 

An der Fakultàt Mathematik und Naturwissenschaften ist an der Fachrichtung Physik zum 01.04.2005 die 

C4 - Professur fur Teilchenphysik 
(Nachfolge Prof. K. R. Schubert) zu besefzen. Der/Die Stelleninhaber/in soil die Teilchenphysik in Forschung und Lehre 
vertreten. Er/Sie soil herausragende Erfahrungen in der Planung, Leitung und Auswertung von Experimenten an 
Beschleunigern vorweisen kdnnen. Die Weiterfuhrung der erfolgreichen Dresdner Beteiligung am BABAR-Experiment 
ist erwùnscht. Dariiber hinaus wird ein starkes Engagement fur ein neues und zukunftstrachtiges Projekt der 
Teilchenphysik erwartet. Der/Die Stelleninhaber/in soil die Experimentalphysik in der Lehre im Studiengang Physik 
sowie in anderen Studiengangen der Naturwissenschaften, Ingenieurwissenschaften und Medizin vertreten. Eine 
angemessene Beteiligung an allgemeinen Aufgaben der Fachrichtung Physik wird erwartet. 
Die Bewerber/innen mussen die Einstellungsvoraussetzungen gemafJ § 40 des Sàchsischen Hochschulgesetzes vom 
11.06.1999 erfullen. Dazu gehort die Habilitation oder der Nachweis einer gleichwertigen wissenschaftlichen Leistung. 
Es wird darauf hingewiesen, dass sich die besoldungsrechtlichen Grundlagen im Laufe des Ausschreibungs- und 
Berufungsverfahrens der - infolge bundesgesetzlicher Neuregelungen zur Reform der Professorenbesoldung -
erforderlich gewordenen landesgesetzlichen Regelungen andern konnen. 

Frauen sind ausdrucklichzurBewerbung aufgefordert. Bewerbungen Schwerbehinderterwerden bei gleicher Eignung 
bevorzugt berucksichtigt. 

Ihre Bewerbung richten Sie bitte mit tabellarischem Lebenslauf, Darstellung des wiss. Werdeganges u. der bisherigen 
Lehrtatigkeit, Verzeichnis der wiss. Arbeiten und Kopien der Urkunden der wiss. Ausbildung bis zum 30.04.2004 an: 
TU Dresden, Dekan derFakul tà tMathemat ikund Naturwissenschaften, Herm Prof. Dr. G. Soff, 01062 Dresden. 

PhysicsJ o b s @ physicsweb.org 

M a x P l a n c k I n s t i t u t e 

f o r P h y s i c s 

( W e r n e r H e i s e n b e r g I n s t i t u t e ) M \ X - ) ' L A N C K - G E S Ë L L S f. 11 \ F ! 

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

1 S o f t w a r e D e v e l o p e r P o s i t i o n 

i n E x p e r i m e n t a l H i g h - E n e r g y 

P a r t i c l e P h y s i c s 

The Max-Planck-Institut fur Physik (MPI ) is one of the world's lea
ding research institutes focused on particle and astroparticle phy
sics f rom both an experimental and a theoretical perspective, Our 
research activities comprise participation in the H I and Z E U S expe
riments at H E R A , the STAR experiment at R H I C and the A T L A S 
experiment. A T L A S is presently under construction to operate at 
CERN's Large Hadron Coll ider (LHC) starting from 2007. The scien
tific focus of the A T L A S collaboration is the search for the Higgs 
boson (the particle at the or ig in of particle niasses), precision mea
surements of top- and b-quark physics, and the search for new phy
sics beyond, the Standard Model, e.g. Supersymmetry. The M P I con
tributes to the construction of three sub-detectors for A T L A S , the 
l i q u i d A r g o n Calorimeter ( L A r ) , the Monitored Drift Tubes for the 
muon system (MOT) and the Semiconductor Tracker (SCT). 

The M P I invites applications for t w o postdoctora l posi t ions in 
experimental elementary particle physics to strengthen our M D T 
and SCT Groups. We are seeking for candidates to contribute both 
to the construction, testing, quality assurance and installation of 
detector modules, and to preparations of the physics analyses. 
Candidates should have a PhD in experimental physics wi th a solid 
background i n elementary particle science. The positions are l imi 
ted to three years, w i th the possibility of extension wi th in the rules 
of the German Hochschulrahmengesetz. 

Applications are also invited for the position of a sof tware 
engineer or a p h y s i c i s t who wi l l participate in developing software 
for calibration, integration, alignment, readout and reconstruction 
wi th in the A T L A S project, The candidate should contribute both to 
sub-detector specific tasks at our institute and to the development 
of the A T L A S core software at C E R N . The candidate must have sig
nificant development experience wi th an object-oriented environ
ment, w i th the U N I X operating system in a scientific environment 
and wi th the C++ programming language. Experience in relational 
database systems like ODBC, Oracle or MySQL, knowledge of other 
programming languages l ike Perl or Python and experience and 
interest i n G R I D computing w i l l be of additional advantage. The 
candidate should at least have an M.S. degree in computer science, 
physical science or mathematics. The position is init ial ly limited to 
two years. 

Salaries for all positions are according to the German federal pay 
scale (BAT) . Applications from women are particularly welcome. 
The Max Planck Society is committed to employing more handicap
ped individuals and especially encourages them to apply. 

For more information on the institute and its research see our 
internet homepage ht tp: / /www.mppmu.mpg.de. 

Interested individuals should send their application, including sta
tements of interest, C V , list of publications and the names and 
addresses of three suitable referees, to 

M a x P l a n c k I n s t i t u t e f o r P h y s i c s 
(Werner Heisenberg Institute) 
Prof, Dr. Siegfried Bethke 
Fôhringer Ring 6, 
80805 Munchen, Germany 
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T h e L a w r e n c e L a n g e r 
R e s e a r c h F e l l o w s h i p 

T h i s s p e c i a l r e s e a r c h f e l l o w s h i p is n a m e d a f te r L a w r e n c e L a n g e r w h o 
p e r f o r m e d p i o n e e r i n g r e s e a r c h o n beta d e c a y a n d n e u t r i n o m a s s 
m e a s u r e m e n t s . T h e f e l l o w s h i p is a w a r d e d to an o u t s t a n d i n g post
doc tora l s c i e n t i s t w h o is at a n ear ly point in a p r o m i s i n g career . 

C a n d i d a t e s for th is f e l l o w s h i p m u s t h a v e d i s p l a y e d o u t s t a n d i n g potent ia l 
in s u b a t o m i c p h y s i c s r e s e a r c h , a n d m u s t s h o w def in i te p r o m i s e of 
b e c o m i n g l e a d e r s in t h e a c a d e m i c r e s e a r c h c o m m u n i t y . A P h . D . in 
e x p e r i m e n t a l s u b a t o m i c p h y s i c s is r e q u i r e d . F e l l o w s h i p s will be a w a r d e d 
for a t h r e e - y e a r t e r m . L a n g e r F e l l o w s , w h o will be c o m p e t i t i v e l y s e l e c t e d , 
a r e g i v e n t h e f r e e d o m of a s s o c i a t i n g w i t h IUCF f a c u l t y m e m b e r s in a 
r e s e a r c h a r e a of c o m m o n in teres t . 

T h e I.U. s u b a t o m i c p h y s i c s g r o u p h a s a n a c t i v e p r o g r a m w i t h e x p e r i m e n t s 
to s t u d y n u c l é o n s t r u c t u r e , n u c l e a r d y n a m i c s , a n d t h e p r o p e r t i e s of t h e 
w e a k i n t e r a c t i o n . T h e w i d e r a n g e of q u e s t i o n s b e i n g a d d r e s s e d by 11 
f a c u l t y m e m b e r s invo lve l e a d e r s h i p ro les in s t u d i e s of par i ty v i o l a t i o n a n d 
q u a r k m i x i n g mat r ix un i ta r i ty w i t h l o w - e n e r g y n e u t r o n b e a m s at L A N S C E , 
N I S T a n d S N S ; f l avor a n d s p i n s t r u c t u r e of t h e n u c l é o n at R H I C w i t h t h e 
S T A R de tec tor ; n e u t r i n o o s c i l l a t i o n s a n d s c a t t e r i n g w i t h t h e m i n i B o o N E 
e x p e r i m e n t a n d p r o p o s e d f o l l o w - u p s at F e r m i l a b . Loca l fac i l i t ies i n c l u d e 
a 2 0 0 M e V c y c l o t r o n , a 2 4 0 M e V s y n c h r o t r o n , a n d a n e w cold N e u t r o n 
S o u r c e c u r r e n t l y u n d e r c o n s t r u c t i o n . W h i l e t h e ma jor p r o g r a m s o n t h e 
f i rs t t w o of t h e s e no longer i n c l u d e n u c l e a r p h y s i c s , t h e y d o p r o v i d e 
e x c e l l e n t faci l i t ies for d e v e l o p m e n t a n d t e s t i n g . T h e l a b o r a t o r y a lso 
p r o v i d e s e x c e l l e n t p e r s o n n e l i n f r a s t r u c t u r e to e n a b l e s t r o n g par t i c ipa t ion 
in ma jor off -si te p ro jec ts . O p p o r t u n i t i e s a re ava i l ab le o n all m a j o r 
r e s e a r c h pro jec ts . For f u r t h e r i n f o r m a t i o n , p l e a s e a c c e s s our W e b s i te at 
h t t p : / / w w w . i u c f . i n d i a n a . e d u . 

T h e L a w r e n c e L a n g e r R e s e a r c h F e l l o w s h i p c a r r i e s a s t i p e n d of $ 5 5 , 0 0 0 
per a n n u m , w i t h a n add i t iona l a l loca t ion of u p to $ 2 0 , 0 0 0 per a n n u m for 
r e s e a r c h s u p p o r t a n d t r a v e l . 

S e n d r é s u m é , b i b l i o g r a p h y a n d c o n t a c t i n f o r m a t i o n for t h r e e r e f e r e n c e s 
b y J u n e 3 0 t o 

Dr. J o h n M . C a m e r o n , D i r e c t o r 
I n d i a n a U n i v e r s i t y C y c l o t r o n F a c i l i t y 

2 4 0 1 M i l o S a m p s o n L a n e , B l o o m i n g t o n , IN 4 7 4 0 8 

F A X : 8 1 2 - 8 5 5 - 6 6 4 5 E m a i l : c a m e r o n @ i u c f . i n d i a n a . e d u 

IU is strongly committed to achieving excellence 
through cultural diversity. 

The university actively encourages applications and 
nominations of women, persons of color, applicants with 

disabilities, and members of other underrepresented groups. 
Indiana University is an Affirmative Action/ 

Equal Employment institution. 

i n p c 
G 0 T E B O R G $ W E 

J U N E W7-JULY 

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

SENIOR APPLIED PHYSICIST 
F O R X - R A Y D E T E C T O R D E V E L O P M E N T 

Praesepe is a Nether lands-based company which 
special ises in data analysis and instrumentat ion for X-ray 
and gamma-ray a s t r o n o m y (see w w w . p r a e s e p e . c o m ) . W e 
current ly have a v a c a n c y for a Senior Appl ied Physicist to 
lead a p r o g r a m m e to deve lop c o m p o u n d semiconductors 
for use as hard X-ray and gamma-ray detectors. T h e work 
will be under taken as part of the laboratory research 
p r o g r a m m e of the A d v a n c e d Concepts and Sc ience 
Payloads Off ice of the European Space Agency (ESA). T h e 
project will be based in the E S T E C laboratory of ESA in 
Noordwijk, T h e Nether lands. 

T h e ideal candidate will have suff icient exper ience to 
lead a solid-state detector project both f rom a scientif ic 
and an engineer ing point of view. In addition a knowledge 
of general techn iques in X-ray and gamma-ray radiation 
analysis , are essent ia l . T h e candidate should be able to 
plan and execute m e a s u r e m e n t campaigns without 
s u p e r v i s i o n . T h e ability to ana lyse data in suppor t of 
device physics interpretat ion is important . T h e candidate 
must also have the ability to specify and coordinate work 
under taken by industrial contractors and academic 
col laborators. Familiarity*With cryogenic equipment , 
computer interfaces to exper iments , radioactive source 
handl ing and m e a s u r e m e n t campa igns and national 
accelerator facilities wou ld be valuable . 

App l i ca t i ons w i t h C V t o 
P r a e s e p e B.V., Lo ren tzp le in 7, 2012 H G 
H a a r l e m , T h e Ne the r l ands . 

P re fe rab l y by ema i l ( i n f o @ p r a e s e p e . c o m ) 
or by F A X +31-23-5510910. 

Peoples Fellows Program 
The Peoples Fellowship Program at Fermilab supports aeeelerator 
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 R F 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 5 0 0 , Batavia, I L 6 0 5 1 0 - 0 5 0 0 
e-mail: strait@fnal.gov 

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

F e r m i l a b 
A U.S. Department of Energy laboratory, Fermilab is an equal opportunity employer. M / F / I W 
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CERN COURIER 
RECRUITMENT 

BOOKING DEADLINE 

Jïfe, U N I V E R S I T Y O F 

I P F L O R I D A 
P o s t d o c t o r a l 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 

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

The Institute of High Energy Physics and Astrophysics at the University of 
Florida invites applicants for a Postdoctoral Research Associate or Senior 
Research Associate position to work on the CMS Experiment at the Large 
Hadron Collider, CERN. The University of Florida is one of the leading 
university groups in the CMS experiment, contributing strongly to the physics 
program, development of the detector, trigger, software and computing. 

The successful candidate will be expected to focus on the development of 
the CMS physics program and contribute to the CMS offline and possibly 
online software. Good data analysis skills in the context of high energy physics 
experiments are essential. Broader experience with high energy physics 
detectors and electronics is a plus. Ph.D. degree in physics is required. 

The initial term of this position is two years with the possibility of extension, 
subject to the availability of funds. Longer initial appointments for highly 
qualified candidates are possible. 

Salary will be commensurate with experience. 

Resume and three letters of recommendation are to be sent to 

the Search Committee c/o Dee Dee Carver, 
Physics Department, Univers i ty o f Flor ida, P.O. Box 118440, 
Gainesville FL 32611 
(dcarver@phys.ufl .edu). 

In order to ensure full consideration, applications should be received by 
May 7,2004. The position will remain open until filled. 

The University of Florida is an Equal Opportunity, Affirmative Action Institution. 

I N D E X T O D I S P L A Y A D V E R T I S E R S 

Acq iris 43 l-Tronics 28 

Advent Research Materials 4 Jan is Research Company 41 

Amptek 21 Materials Research Society 32 

Bruker Biospin 2 Milmega 4 

Caburn MDC 44 Pearson Electronics 19 

Cambridge University Press 10 QEI 41 

Goodfellow 16 VAT Vacuum Products 8, 36 

Instrumentation Technologies 19 

T h e index is prov ided as a s e r v i c e a n d , whi le e v e r y effort is m a d e to e n s u r e its a c c u r a c y , CERN Courieraccepts no liability for error . 

May issue: 
2 April 

Publication date: 
16 April 

Contact 
Reena Gupta 

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

E-mail: reena.gupta@iop.org 

cerncour ier .com 
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BOOKSHELF 
T h e G l o b a l A p p r o a c h t o Q u a n t u m F i e l d 

T h e o r y by Bryce DeWitt , Oxford Universi ty 

Press (vols I and II). Hardback ISBN 

0198510934 , £115 ( $ 2 3 0 ) . 

It is difficult to describe or even summar ize 

the huge amount of information contained in 

this two-volume set. Quan tum field theory (QFT) 

is the more basic language to express the 

fundamenta l laws of nature. It is a difficult 

language to learn, not only because of its 

technical intricacies but also because it con

tains so many conceptual riddles, even more 

so when the theory is considered in the pres

ence of a gravitational background. The appl ied 

field theory techniques to be used in concrete 

computat ions of cross-sections and decay 

rates are scarce in this book, probably because 

they are adequately explained in many other 

texts. The driving force of these vo lumes is to 

provide, f rom the beginning, a manifestly 

relativistic invariant construct ion of QFT. 

Early in the book w e come across objects 

such as Jacob i f ields, Peierls brackets (as a 

rep lacement of Poisson brackets) , the mea

surement prob lem, Schwinger 's var iat ional 

principle and the Feynman path integral, 

wh ich form the basis of many th ings to come . 

One advantage of the global approach is that 

it can be formulated in the presence of gravi ta

t ional f ields. There are var ious loose ends in 

regular exposit ions of QFT that are clearly t ied 

in the book, and one can f ind plenty of jewels 

throughout : for instance a thorough analysis of 

the measurement problem in quan tum 

mechan ics and QFT, someth ing that is hard to 

f ind e lsewhere. The t reatment of symmet r ies is 

rather unique. DeWitt int roduces local (gauge) 

symmetr ies early on ; global symmet r ies fol low 

at the end as a residue or bonus. This is a very 

modern point of v iew that is spelt out fully in 

the book. In the Standard Mode l , for example , 

the global symmet ry ( B - L , baryon minus 

lepton number ) appears only after we consider 

the most general renormal izable Lagrangian 

consistent with the under ly ing gauge 

symmetr ies . In most modern approaches to 

the unification of fundamenta l forces, global 

symmet r ies are quite acc identa l . String theory 

is an extreme example where all symmet r ies 

are related to gauge symmet r ies . 

There are many difficult and elaborate tech

nical areas of QFT that are very wel l expla ined 

in the book, such as heat kernel expans ions , 

quantizat ion of gauge theor ies, quant izat ion in 

the presence of gravity and so on . There are 

also some conceptual ly difficult and profound 

quest ions that DeWitt addresses head on with 

authority and clarity, including the measure

ment problem ment ioned previously and the 

Everett interpretation of quan tum mechan ics 

and its implications in quan tum cosmology. 

There is also a cogent and impressive study of 

Q F in the presence of black holes, their 

Hawking emiss ion , the final-state problem for 

quan tum black holes and a long etcetera. 

T h e book 's presentat ion is very impress ive. 

Conceptua l prob lems are elegant ly exhibi ted 

and there is an inner coherent logic of expos i 

t ion that could only come f rom s o m e o n e w h o 

had long and deeply reflected on the subject , 

and made important contr ibut ions to it. It 

shou ld be sa id , however , that the book is not 

f o r t h e faint hear ted. T h e level is consistent ly 

high th roughout its 1042 pages. Nonethe less 

it does provide a deep , uncompromis ing 

review of the subject , with both its bright and 

dark s ides clearly exposed . One can read 

towards the end of the preface: "The book is 

in no sense a reference book in quan tum 

field theory and its appl icat ions to particle 

phys ics . . . " . I agree with the second s ta tement 

but strongly d isagree with the first. 

Luis Alvarez-Gaume, CERN. 

L e m i r o i r a u x n e u t r i n o s (The Neutr ino 

Mirror) by François Vannucc i , Odi le J a c o b . 

ISBN 2 7 3 8 1 1 3 3 1 1 , € 2 3 . 5 0 . 

Neutr inos have excited scientists s ince 

1930 and have al lowed s o m e important 

d iscover ies: Gargamel le 's 1973 observat ion of 

neutral currents in fact consti tuted the first 

manifestat ion of the Z boson , and as such 

marked the exper imental foundat ion of the 

Standard Model . More recently, the beautiful 

phenomenon of neutr ino oscil lations has 

demonst ra ted that the Standard Model needs 

to be enlarged to account for neutr ino masses . 

In a nutshel l , neutr inos are in the spotl ight. 

For this reason it is very pleasant to see one 

of our col leagues undertake to communicate to 

a broad public his enthusiasm and exci tement 

for these particles that are so hard to detect. 

The "mirror" through which Vannucc i invites us 

to d iscover these neutr inos is, in the end , that 

of his own personali ty. The reader f inds a 

typically French character, profoundly cultured, 

w h o revels in the company of literary quotes 

that mirror his thoughts and that enrich them 

with a touch of mejanchol ic beauty. Marcel 

Proust and Oscar Wilde top his favourite 

author 's list, wh ich extends from Saint 

August ine to Daniel Pennac, via Jean-Paul 

Sartre and the medical dictionary. Somet imes 

a school -boy 's wink, and often a sensuous 

shiver, express themse lves through these quo

tations, which is test imony to the fact that 

sc ience speaks not only to the brain but also 

the heart. I am not sure that I have grasped 

what these quotat ions are supposed to explain, 

but they certainly carry a form of emot ion. 

The book tells the story of neutrinos, at a 

level that is meant to be accessible to pupils in 

the final years of high school ( 1 5 - 1 8 years 

old), as well as scientifically cultivated adults. It 

begins with a discussion of perception and 

detect ion, first of ordinary objects and then of 

particles. Then we arrive at Pauli and his 

"radioactive ladies and gent lemen" , fol lowed 

immediately by UA1 and the discovery of the W. 

(Sartre and Le Verrier are quoted...but no word 

of Carlo Rubbia. This will soothe the feelings of 

all those who felt they should have appeared.) 

Then we go back to the experiments to measure 

the neutrino mass fol lowed by neutrinoless 

double-beta decay, and the detection of the 

first neutrino interactions by Fred Reines. As 

one can see, the experiments that have estab

lished the properties of neutrinos are listed 

thematical ly and not necessari ly historically, 

something that I appreciated. 

With occasional irony towards his col leagues 

(or h imsel f?) , Vannucc i takes us around the 

exper iments that made history in neutrino 

physics; those that were right and those that 

were wrong, those that made us understand 

and those that got us confused. This is fol

lowed by a discussion on uncertainties and the 

scientific method . I am not sure I agree fully 

when what we don' t know yet but are striving to 

know and will hopeful ly understand ("the big 
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bang cannot be considered a physical even t " ) , 
is compared with medieval legends ("angels, 
archangels and cherubim of the middle ages " ) . 
However , do read carefully and you will f ind the 
definition of the "miroir aux alouettes", which 
inspired the title of the book and is taken from 
a quotation in...a dictionary. 

It is not obv ious for w h o m this book is best 
su i ted. For w h o m wou ld I buy it? It s e e m s 
more for our fathers - and mothers - or 
our co l leagues than for teenagers , w h o may 
be d iscouraged by the unlikely mix of 
literature and sc ience. 
Alain Blondel, Geneva University. 

D a s g r o B e S t e p h e n H a w k i n g L e s e b u c h , 
L e b e n u n d W e r k (The Big Stephen Hawking 
Reader) by Hubert Mania (ed . ) , Rowohl tVer lag . 
Hardback ISBN 3498044885 , € 1 7 . 9 0 . 

The Big Stephen Hawking Reader includes 
excerpts f rom books writ ten by Hawking, as 
well as information about his life and work. 
Th is naturally d iv ides the book into two 
parts: the first half is a short b iography of 
Hawking interspersed with sect ions explaining 

the basic physics of his work. In this w a y it not 
only introduces Hawking himself, but also his 
thoughts and ideas. 

Mania admits in the prologue that he wrote 
the b iography f rom a "respectful d is tance" , 

honour ing Hawk ing 's wish to be remembered 
for his work and not his " involuntary presence 
in the gossip co lumns" . Because of this, 
Mania somet imes leaves out things that could 
shed a less favourab le light on Hawking. For 
examp le , Hawk ing 's t reatment of his first wife 
is only ment ioned very briefly. Never the less 
there are s o m e nice anecdotes about 
Hawking, such as w h e n he was thinking about 
A Brief History of Time. "If he w a s going to 
neglect his research to write a popular book, 
then it should be profitable for h im. " 

T h e second half of the book is made up of 
excerpts f rom A Short History of Time, The 
Illustrated Short History of Time and 
Einstein's Dream. T h e chapters are well 
chosen and unders tandab le with the help 
of Mania 's commen ts . 

Even if Mania 's book is somet imes a little 
sketchy, I en joyed reading it and would 
r e c o m m e n d it to anyone w h o wants a short 
introduct ion to S tephen Hawking 's life and 
work - and it whe ts the appet i te for more 
books about and by this well known scientist. 
Hannelore Hammerle, CERN. 

R F Amp l i f i e r s 
Q E I Corporation will design and manufacture to 
your R F Amplif ier needs. Our 30 years of experience 
allows us to work with you to complete your requirements. 
Whether you require solid state or tube, air or water 
cooling, CW or pulse, LF to UHF, we can meet your 
needs. To discuss your project, contact QEI at 800-334-
9154 (USA), 1-856-728-2020 (International), or via e-mail 
at qeisales @ qei-broadcast.com. 
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S U P P L I E R I N F O R M A T I O N 
J a n i s R e s e a r c h C o m p a n y I n c 

Pulse Tube Cooled 4 K Closed Cycle 
Refrigerator Systems 
With a base temperature of <5 K(1.5 K optional) 
and an ultra-low vibration design, these systems are 
ideal for samples with low thermal conductivity. The 
top loading sample chamber is mechanically 
isolated from the cryocooler cold stages. The 
sample is in helium gas for fast sample exchange. 
High temperature options available. 
Janis Research Company Inc, 2 Jewel Drive, 
P0 Box 696, Wilmington, MA 01887-0696, USA 
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VIEWPOINT 

The importance of funding outreach 
Outreach should be recognized as a natural part of scientific research, 

and hence of its funding, argues Erik Johansson. 

Science and technology play an increasingly 
important role in our everyday l ives, and 
many of life's decis ions now depend on some 
sort of scientif ic or technical knowledge. At 
the same t ime, advances in modern sc ience 
occur quickly as each subject evo lves and 
entirely new subjects are created, so it is 
often difficult for the general public and for 
teachers to keep up with scientif ic 
d iscover ies and technological innovat ions. 
However , sc ience can be made more 
accessible and interesting to s tudents, 
teachers and the public if they are exposed 
to the excit ing ideas and discover ies of the 
latest research, for example in the field of 
high-energy particle physics. 

Research in particle physics involves 
advanced technology, such as the large-scale 
use of superconduct iv i ty , precision particle 
detectors, and state-of-the-art electronics and 
comput ing sys tems. T h e technology of particle 
accelerators and detectors can also be 
appl ied to medicine and many other areas of 
sc ience and industry, bringing alive the 
"appl iance of sc ience" to everyday life. 
Moreover, research has led to advances in 
information technology, such as the Wor ld 
Wide W e b , which can bring about a "high 
t ech " approach to learning about sc ience. 
Aspects of classical physics, such as electro-
magnet ism, optics and kinematics, can also 
be given a new lease of life through examples 
f rom modern physics, as compared with 
tradit ional teaching. 

It is now general ly agreed that educat ion 
and awareness in sc ience have to be 
strengthened in modern society. Indeed 
during the past few years increasing efforts 
have been made to improve awareness in the 
general public - especial ly young people in 
schools - of the importance of natural 
sc ience to everyone. Scientif ic out reach, 
which promotes awareness and an apprecia
tion of current research, has become an 
essential task for the research communi ty and 
for many scientists. 

As a result of an increased awareness of 

the importance of outreach activit ies, the 
European part icle-physics communi ty created 
the European Particle Physics Outreach Group 
( E P O G ) in 1997 to promote outreach 
activities in particle physics. EPOG members 
represent the particle-physics communi t ies of 
the 20 member states of CERN and , more 
recently, the US, together with the major 
laboratories of C E R N , DESY and INFN. The 
group has received its mandate f rom the High 
Energy Particle Physics ( H E P P ) division of the 
European Physical Society (EPS) and the 
European Commit tee for Future Accelerators 
( E C F A ) . EPOG aims to help make scientif ic 
results and discover ies accessible to schools 
and the general public, and to introduce 
modern sc ience into the school curr icula. 

Since its incept ion, the members of EPOG 
have both learned from each other and 
worked together on joint activities. There are 
many particle physicists active within their 
own countr ies who are working on a var iety of 
initiatives, such as the deve lopment of new 
teaching materials, the translation of materi
als, workshops and masterc lasses for both 

students and teachers, and visits to C E R N . 
This work is often undertaken on a voluntary 
basis, with little or no official funding, and is 
dependen t on the goodwil l of the hardworking 
contr ibutors and their institutions. 

T o be really successfu l though, outreach 
activit ies have fo be done in a professional 
manner . Leading scientists who have a 
special ist knowledge in their subjects can 
form a powerful t eam with educators and 
those famil iar with modern techniques in 
disseminat ing information to large groups of 
people. However , as we are compet ing with 
television and other leisure pursuits, outreach 
activities also require proper funding to be 
able to produce an attractive and engaging 
image of the natural sc iences. 

For this reason E P O G , together with ECFA 
and the EPS HEPP divis ion, has written to a 
number of sc ience research counci ls and 
other funding bodies in var ious countr ies to 
encourage them to recognize scientific 
outreach as an important and natural part of 
the research process, and to make f inancing 
avai lable to the scientists for professional 
outreach activit ies. As we say in the letter, we 
realize that in s o m e countr ies the importance 
of scientif ic outreach activities has already 
been recognized and is regarded as a natural 
part of the research activity. A particularly 
good example is the awareness in the US, 
wh ich has resulted in organized funding. In 
many other countr ies, however , this is still not 
the case, and we bel ieve that proper funding 
is crucial for an increased interest in and 
awareness of sc ience and technology. 

In summary , it is important that outreach 
activit ies are taken ser iously by the bodies 
that fund our research. They should be 
recognized as a natural and logical part of 
research, and as an important link between 
research and society. With appropriate 
funding we could have the opportunity to 
make our mark and , w h o knows, to make 
a real di f ference. 
Erik Johansson, Stockholm University 
and chair of EPOG. 
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