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CERN Council rings the changes 

CERN's new directorate: Robert Aymar, director-general and chief executive officer (centre), Jos Engelen, chief scientific officer (left) and 
André Naudi, chief financial officer (right). The trio will head up CERN's new structure, which Aymar believes will build on existing strengths. 

Fifty years of CERN 
On 29 S e p t e m b e r 1954 
representa t ives of the 
12 found ing member s tates 
of C E R N rat i f ied the 
o rgan iza t ion 's convent ion , 
pav ing the w a y for the 
es tab l i shment of the 
wor ld ' s leading part icle-
phys ics laboratory. 

Many events - both at 
C E R N and in the m e m b e r 
s ta tes - are p lanned to 

mark the ann iversary dur ing 
2004 . For its part, CERN 
Courier is pub l ish ing a 
number of ar t ic les related 

to C E R N ' s act iv i t ies over 
the past 50 years , s tar t ing 
th is month wi th the story of 
the Proton Synchro t ron 
( p l 5 ) . A page of mater ia l 
f rom the CERN Courier 
arch ives wil l a lso feature 
each mon th . 

For more in format ion 
abou t C E R N ' s 50th 
ann iversary year , see 
w w w . c e r n . c h / C E R N 5 0 . 

T h e CERN Counci l has formal ly approved 
the new structure for C E R N , wh ich w a s 
presented by the incoming director-general , 
Robert Aymar , at the Counci l 's meet ing on 
19 December 2003. The laboratory 's 
directorate will be composed of A y m a r as 
chief execut ive officer, Jos Engelen as chief 
scientif ic officer and André Naudi as chief 
f inancial officer. CERN 's previous structure of 
15 divisions will also be regrouped into a 
smal ler number of depar tments . A y m a r 
bel ieves that the new structure, wh ich will be 
implemented from 1 January 2004 for five 
years , "is well adapted to C E R N ' s current 
object ives. It ensures continuity and builds 
on existing strengths." 

Aymar comes to CERN f rom the ITER 
project, of which he was appointed director in 
Ju ly 1994, before becoming ITER'S 
international team leader in Ju ly 2001 . He is 
famil iar with the chal lenges presented by the 
Large Hadron Collider (LHC) - C E R N ' s most 
chal lenging project to date - as he chaired 
the international scientific commit tee that 
assessed and recommended the project for 
approval in 1996. He also chaired the 
External Review Commit tee that w a s set 

up by Counci l in December 2001 to review 
the C E R N programme. In the new directorate 
he is jo ined by Engelen, formerly director of 
the Dutch National Institute for Nuclear 
Physics and High Energy Physics, NIKHEF, 
and Naudi , w h o was previously CERN 's 
director of f inances. 

Counci l w a s also presented with a review 
of the year 's activities by the outgoing 
director-general Luciano Maiani, who 
began with a comprehens ive review of the 

LHC project. T h e exper iments, A T L A S , CMS, 
ALICE and LHCb, are all on schedule to 
be ready for the start up of the LHC in 
2007 . Maiani pointed out that al though 
chal lenges cont inue to be encountered, as 
is inevitable with such an ambit ious 
scientif ic undertaking, the exper imental 
col laborat ions are becoming adept at over­
coming them. "Old concerns have been 
overcome, new ones have appeared , " Maiani 
conc luded, "but there are no show-stoppers > 
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D>on the hor izon." 
Turn ing to LHC comput ing, Maiani 

congratulated the international t eam that 
successfu l ly launched phase 1 of the LHC 
Comput ing Grid (LCG-1) in September . 
T h e LCG team will be the first concrete 
example of an operat ional e-science Grid and 
a test bed for the Enabl ing Grids for e-science 
in Europe ( E G E E ) initiative, which is 
funded by the European Union and was 
launched in 2003 . 

T h e LHC machine itself passed a number 
of important mi lestones in 2003 . T h e first 
octant of dipole magnets was comple ted , 
the first transfer-l ine magnet was installed on 
17 December , and the first magnets for the 
LHC itself should be installed in the spr ing of 
2004 (see p30) . "It has been a good year for 
the LHC project," s u m m e d up Maiani . 
Overa l l , the project 's cost is stable and its 
schedu le is unchanged , foreseeing first beam 
in April 2007 with the first coll isions 
fol lowing in J u n e . 

In reviewing the rest of the year 's activit ies, 
Maiani reminded Counci l that the LHC project 
now accounts for more than 80% of the 
laboratory 's budget. Never the less, he 
descr ibed a full p rogramme of f ixed-target 
exper iments, the highlight of wh ich was the 
observat ion by the NA49 exper iment of a new 
exotic particle, possibly a "pentaquark" 
(CERN Courier December 2003 p5) . 

In bidding farewell to the outgoing director-
general at the end of his mandate , 
delegat ions from several member and 
observer states congratulated Maiani on 
steering CERN through a difficult per iod. He 
had , said one delegat ion, shown remarkable 
calm in a s torm, and the laboratory 's staff 
had demonst ra ted the true strength and 
cohes ion of the organizat ion. 

T h e new president of Counci l for 2004 w a s 
also elected at the meeting. Enzo larocci, w h o 
is currently president of the Italian National 
Institute for Research in Nuclear and 
Subnuc lear Physics takes over f rom Maurice 
Bourquin of the University of G e n e v a . Best 
known for his deve lopment , in the late 1970s, 
of a new type of particle detector - the 
s t reamer tube - larocci was director of the 
Frascati Laborator ies near Rome from 1990 
to 1996, where he played an important role in 
the construct ion of the D A P H N E e l e c t r o n -
positron storage ring. 

B R O O K H A V E N 

New g-2 measurement deviates 
further from Standard Model 
On 8 January the muon (g-2) col laborat ion, 
E821 , which has been working for the past 15 
years at the Brookhaven Alternating Gradient 
Synchrot ron to measure the anomalous 
magnet ic momen t of the muon , released their 
final result, their first for the negative muon . 
The new result, which has been submit ted to 
Physical Review Letters, has a relative 
precision of 0.7 parts per million ( p p m ) , and 
as expected f rom CPT symmet ry agrees well 
with the col laborat ion's earlier 0.7 ppm 
measurement for the posit ive muon (Bennet t 
etal. 2004) . T h e combined precision is 
0.5 ppm, a factor of 14 more precise than the 
famous exper iments done at CERN in the 
1970s, which reached 7.3 ppm. There has 
been considerable interest in these 
measurements because of the potential 
sensit ivity to new physics such as supersym-
metry, which would show up as a difference 
between the Standard Model va lue and 
the exper imental one. 

T h e E821 exper iment ran at Brookhaven 
between 1997 and 2001 , and was 
conducted by a collaboration of scientists not 
only f rom the US but also f rom Germany , 
J a p a n , the Nether lands and Russia. It was led 
by co-spokespersons Lee Roberts of Boston 
University and the late Vernon Hughes of Yale 
University (CERN Courier J u l y / A u g u s t 2003 
p38) . The col laborat ion's first precise 
measurement , which was reported in 2001 , 
differed f rom the Standard Model va lue by 
2.6 s tandard deviat ions (Brown etal. 2001) . 
The Standard Model theory for g-2 is 
composed of contr ibut ions f rom the weak, the 
electromagnet ic and the strong forces. Whi le 
the contr ibut ions from the weak and electro­
magnet ic forces can be calculated from first 
principles, the contribution f rom the strong 
force cannot , and must be determined using 
exper imental data. The direct determinat ion 
uses data obta ined by colliding electrons and 
anti-electrons, and measur ing the product ion 
of hadrons in the coll ision. The indirect 
method uses data f rom the decay of tau 
leptons into hadrons, along with the 
conserved vector-current hypothesis plus the 

The new measurement by E821 ofg-2 for the 
negative muon, together with the previous 
measurement for the positive muon, their 
average, and values calculated from theory. 

appropr iate isospin correct ions. At present 
the two methods do not agree very wel l , and 
in light of this d isagreement some physicists 
use only the direct method to determine the 
theoret ical va lue. 

After the first announcemen t was made in 
2001 , many theoret ical and exper imental 
physicists took a closer look at the predicted 
theoret ical va lue for g-2. In October 2001 
Marc Knecht and Andreas Nyffeler f rom the 
University of Marseil le found a sign mistake in 
a piece of the hadronic contr ibut ion, which 
moved theory closer to exper iment (Knecht 
and Nyffeler 2002 ) . Since then , progress has 
been made on both the exper imental and 
theoret ical fronts. T h e new value for the 
negat ive muon differs f rom the latest direct 
theoret ical va lue by 2.8 standard deviat ions, 
the combined va lue differs by 2.7 standard 
deviat ions (Davier et al. 2003) , and the 
dif ference from the indirect determinat ion is 
1.4 standard deviat ions. 

F u r t h e r r e a d i n g 
G W Bennett et al. 2004 www.a rx i v .o rg / 
hep -ex /0401008 . 
H N Brown etal. 2001 Phys. Rev. Lett. 
8 6 2227 . 
M Davier, S E ide lman, A Hôcker and Z Zhang 
2003 Eur. Phy. J. C 31 503. 
M Knecht and A Nyffeler 2002 Phys.Rev. 
D 6 5 073034. 
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Superconducting cavities exceed 35 MV/m 
Deve lopment work for the T E S L A linear coll ider 
has recently made substant ial progress. After 
a surface t reatment called electrolytic pol ish­
ing, four superconduct ing nine-cell n iobium 
cavit ies reached accelerat ing gradients of 
more than 35 M V / m . This is the per formance 
required for an upgrade of T E S L A to 800 GeV 
(CERN Courier November 2003 p22) . 

T E S L A is the only linear collider project 
based on superconduct ing technology for 
particle accelerat ion. The first stage, with a 
centre-of-mass energy of 500 GeV, will require 
an accelerating field of 23.4 M V / m in the nine-
cell 1.3 GHz superconduct ing niobium cavit ies, 
which are operated at a temperature of 2 K and 
a quality factor, Q 0 , of 1 0 1 0 . This per formance 
has been reliably achieved at the T E S L A Test 
Facility (TTF) . In the most recent series of 24 
industrially produced TTF cavit ies, the average 
gradient was 25 ± 2.6 M V / m at Q 0 = 1 0 1 0 . 

In the TTF cavit ies a 1 0 0 - 2 0 0 | jm thick 
"damage layer" is removed from the inner 
surface using a chemical etching process 
called buffered chemical polishing ( B C P ) . The 
cavit ies are then subjected to a 1400 °C heat 
t reatment that doubles the thermal conduct iv­
ity of the niobium at 2 K and increases the 
gradient by some 5 M V / m . However , after 
many years of intensive R&D there is now 
compel l ing ev idence that the BCP process 
limits the attainable field in multi-cell n iobium 
cavit ies to about 30 M V / m . Th is is signif icantly 
below the physical limit of about 45 M V / m , 
which is given by the condit ion that the 
radiofrequency (RF) magnet ic field must stay 
below the critical field of the superconductor . 
For n iobium, the max imum tolerable RF field 
appears to be close to the the rmodynamic 
critical field (190 mT a t 2 K ) . 

The upgrade of T E S L A to 800 G e V requires 
an accelerat ing field of 35 M V / m , which 
appears inaccessible with the s tandard cavity 
preparat ion technique by BCP. In 1997, 
however , scientists f rom KEK reported gradi­
ents of up to 40 M V / m in single-cell cavit ies 
that had been prepared by electrolytic pol ish­
ing (EP) of the inner surface. The superiori ty of 
electropolishing was then conf i rmed by an 
R&D programme on single-cell n iobium cavi­
t ies that was carried out in a col laborat ion 
between C E R N , DESY and Saclay. T h e s e 

Fig. 1. Excitation curves of the four best 
nine-cell cavities after electropolishing at 
Nomura Plating, Japan. The quality factor Q0 

is shown as a function of the accelerating 
field. The tests were performed at 2 K. 

Fig. 2. Test of an initially field-emission loaded 
cavity after a second electropolishing in the 
EP facility at DESY. Electropolishing of 40 
removed the strong field emitter. An excellent 
result of 39 MV/m at2K and 40 MV/m below 
1.8 K is achieved. Note that this cavity has 
not been subjected to heat treatment at 
1400 °C, which is an indispensable 
prerequisite for achieving gradients above 
25 MV/m in BCP-treated multi-cell cavities. 

successes motivated a joint K E K - D E S Y 
programme on the electropolishing of nine-cell 
resonators. Meanwhi le , nine TTF cavities have 
been electropol ished at the Japanese 
company Nomura Plating and tested at DESY. 

In the low-power test in a vertical superfluid 
helium cryostat, two of these cavities showed 
strong field emission at 15 -17 M V / m and were 
therefore taken out for a second electropolish­
ing at DESY. The excitation curves of the four 
best cavities are shown in figure 1. In Novem­
ber 2003 one of the field-emission loaded 

cavit ies was electropolished for a second t ime 
in DESY's new EP facility. The test results of this 
cavity, shown in figure 2, are excellent: acceler­
ating fields of up to 40 M V / m were reached, a 
record for multi-cell niobium cavities. 

So far, two of the electropol ished cavit ies 
have been we lded into a l iquid-helium tank 
and equ ipped with a high-power RF coupler, 
and tests with high RF power have been car­
ried out in a horizontal cryostat at DESY. Both 
cavit ies reached the s a m e high gradient as in 
the low-power test. One cavity was operated 
for 1100 hours at 35 M V / m and for 57 hours 
at 36 M V / m wi thout any degradat ion. T h e s e 
results are clear ev idence that the TESLA-800 
gradient of 35 M V / m is indeed within reach. 

A comprehens ive understanding of why EP is 
so superior to BCP is still lacking, but a few 
explanat ions ex is t A chemical ly etched nio­
bium surface has a roughness in the order of 
micrometres, while an electropolished surface 
is an order of magni tude smoother. The sharp 
ridges at the grain boundar ies of an etched 
surface may lead to local enhancements of the 
RF magnet ic field and cause a premature 
breakdown of superconduct iv i ty at these loca­
lized spots. A numerical model based on this 
idea, deve loped by Jens Knobloch and col­
leagues at Cornel l , can account for the 
reduction of the quality factor Q 0 at high field. 
Magnetic field enhancements will be much 
smal ler on the smooth electropolished surface. 

Another advantage of a mirror-like surface is 
that a so-called Bean-L iv ings ton surface 
barrier may exist, delaying the penetration of 
magnet ic flux into the n iobium, even if the 
lower critical field B c l (~ 160 mT for niobium at 
2 K) is exceeded. An EP-treated superconduct­
ing cavity is likely to remain in the Meissner 
phase up to an RF magnet ic field exceeding 
B c l by a signif icant amount , whereas a BCP-
treated cavity will al low flux penetration just 
above B c l , and then suffer f rom enhanced 
power dissipation caused by magnet ic f luxoids 
entering and leaving the material. 

F u r t h e r r e a d i n g 
B Aune et al. 2000 Phys. Rev. STAB 3 092001. 
L Lilje et al. 2004 Ach ievemen t of 35 M V / m in 
the Superconduc t ing Nine-Cell Cavit ies for 
T E S L A / V / M / l ( i n p ress) . 
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X marks the spot: a new particle 
appears in two experiments 

Plots showing the signals for the X(3872) in data from the Belle collaboration (left) and the Collider Detector at Fermilab (right). 

A new and unusual particle - the X ( 3 8 7 2 ) -
has been d iscovered by the Belle collabor­
ation at the High Energy Accelerator 
Research Organizat ion, KEK, i n T s u k u b a , 
J a p a n , and conf i rmed by an entirely different 
exper iment, the Collider Detector at Fermilab 
( C D F ) , in the US. 

Belle operates at KEK's e lec t ron-pos i t ron 
collider, KEKB, which is des igned to produce 
large numbers of B mesons at centre-of-mass 
energies around 10.58 GeV. Whi le investigat­
ing the var ious ways that the B can decay , the 
Belle team found a small peak near 
3.872 GeV in the mass plot for combinat ions 
of a ]/W with two JT mesons - a little higher in 
energy than the large spike produced by the 
well known W ( 3 6 8 6 ) , wh ich can decay to the 
s a m e final state (Choi etal. 2003) . This indi­
cated the product ion of a new particle, wh ich 
has been called the X ( 3 8 7 2 ) . Evident ly the B 

can decay into an X and a K meson . The 
X ( 3 8 7 2 ) then decays almost instantly into a 
\ / x ¥ and two TC mesons. 

Respond ing to these results, the CDF team 
quickly found the X (3872 ) in the rather differ­
ent env i ronment of 2 T e V proton-ant ipro ton 
coll isions at Fermi lab 'sTevat ron (Acosta etal. 
2003) . Thei r observat ion suggests that the X 
is produced not only in the weak decays of B 
mesons but also through the strong interac­
t ion, which dominates proton-ant iproton 
interactions. The two observat ions are also 
nicely complementary . Whi le Belle has found 
about 60 X events with little background, CDF 
has seen about 700 X events with a back­
ground of about 6000 events. 

As its name implies, the X (3872 ) particle 
does not fit easily into any known particle 
scheme. Belle found the particle whi le looking 
for missing states of charmon ium (bound 

states of a charm quark and ant iquark) , but 
the mass and decay propert ies of the 
X ( 3 8 7 2 ) do not match theoretical expecta­
t ions. As a result the X has attracted a 
considerable amoun t of attention f rom the 
wor ld 's physics communi ty , and theoretical 
physicists are consider ing a number of 
alternative explanat ions. These include the 
possibil ity that the X ( 3 8 7 2 ) is a new type of 
exotic meson made f rom two quarks and two 
ant iquarks - a mult iquark "molecular state" 
of a D° meson bound to an anti-D*° - or a 
hybrid meson made from a charm quark and 
ant iquark and a g luon. 

F u r t h e r r e a d i n g 
D Acosta etal. 2003 www.arx i v .o rg / 
hep -ex /0312021 hep -ex /0312021 . 
S-K Choi et al. 2003 Phys. Rev. Lett 
9 1 2 6 2 0 0 1 . 

Going to work on an experiment at CERN? 
Visit http://cern.ch/ep-div/UsersOffice/ 
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Canada completes its major 
contribution to the LHC project 

The ALSTOM Canada assembly team beside the last of the 52 twin-aperture quadrupole 
magnets that will be delivered to CERN. (Photo: Yvon Langevin, ALSTOM Canada.) 

The layout of the IR7 cleaning insertion (dipoles =grey, quadrupoles = dark blue, 
collimators: primary = black, secondary phase 1 = red, secondary phase 2 = green). 
(Image courtesy of R Assmann, 0 Bruening and D Kaltchev.) 

The largest piece of Canada 's $40.5 million 
(€31.5 mill ion) contr ibution to the Large 
Hadron Coll ider (LHC) was completed in 
2003 with the del ivery of the last of 52 twin-
aperture quadrupole magnets to C E R N . These 
wa rm magnets (48 plus four spares) will be 
installed in the two beam-cleaning insert ions 
of the LHC, where heating by lost beam pro­
hibits the use of superconduct ing coils. T h e 
magnets , based on a CERN des ign, were 
made by ALSTOM Canada in Tracy , Quebec , 
with considerable input and design 
assistance from engineers at T R I U M F and 
C E R N . Their small apertures (46 m m ) and 
high gradient ( 3 5 T / m ) meant that the 3.4 m 
long modules had to be assembled with 
unusual ly high to lerances to ach ieve the 
necessary field quality. 

A prototype magnet was completed and 
shipped to CERN in May 1998 for mechanical 
and magnetic field measurements. As these 
measurements showed that the desired field 
quality had not been achieved, improvements 
were made in the lamination design, in the 
punching precision and in welding the stacks of 
laminations without distortion. Stronger 
stacking tables and a separate half-magnet 
assembly table were also constructed. These 
changes led to the first series magnet, which 
was completed in March 2001 and fully met 
the specifications. ALSTOM then proceeded to 
meet and eventually surpass their planned 
production rate of two magnets per month. 
Mechanical measurements were carried out at 
the factory to qualify the magnets prior to 
shipping, and detailed magnetic field 
measurements were made at C E R N . 

Au tumn 2003 also saw the finalization of 
another feature of the cleaning insert ions to 
which Canada has made a signif icant 
contr ibution - the ar rangement of the 48 
quadrupole modules and 40 col l imators. In 
col laborat ion with C E R N , TR IUMF has been 
responsible for developing a computer code 
to determine the opt imum posit ions for the 
horizontal, vertical and skew col l imator j aws , 

and for certain aspects of the beam optics, 
including matching to the arcs. An unusual 
feature is that as each of the focusing 
quadrupo les is composed of six of the magnet 
modules , the two beams of the LHC can be 
tuned independent ly , by wiring some modules 
with one beam aperture as F ( focus) and the 
other as D (de focus) , and other modules with 
both apertures acting in the same sense. 

The decisions in 2002 to switch from copper 
to (much longer) graphite coll imators to avoid 
the possibility of meltdown in an accident, and 
to install only half-length coll imators at first, 
provided last-minute chal lenges with regard 
to space, impedance and coll imation. 
Nevertheless, for the standard primary and 

secondary coll imator apertures, which are six 
and seven t imes the rms beam width, respec­
tively, it has been possible to find solutions 
that keep the coll imation inefficiency below 
the target levels of 0.05 at injection and 
0.001 at 7 T e V , with an acceptably low imped­
ance, during phase 1, the first years of LHC 
physics. Moreover, sufficient space remains 
for the phase 2 coll imators, which will support 
LHC operat ion with nominal parameters. 

The remaining contr ibut ions to the LHC f rom 
TR IUMF - the major equ ipment for the 
injection kickers, the deve lopment of digital 
acquisit ion boards for the beam position 
monitors and b e a m - b e a m interaction studies 
- are also entering their final stages. 
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STAR prepares to shine a light on spin 
A major milestone has been reached for the 

STAR detector at Brookhaven's Relativistic 

Heavy Ion Collider (RHIC) with the hoisting of 

the upper half of the endcap electromagnetic 

calorimeter (EEMC) into place on the "west" 

STAR magnet poletip. Scientists and engineers 

looked on with anticipation as this mammoth 

detector, weighing around 12.5 tonnes, was 

gently lowered into place, complet ing the 

mechanical installation of a key upgrade for the 

STAR collaboration's spin-physics programme. 

Together with the barrel electromagnetic 

calorimeter, the EEMC provides STAR with the 

capability to probe deeply into the proton's 

spin structure. Specifically, the EEMC will pro­

vide forward-angle detection, identification and 

trigger capability for photons, electrons, posit­

rons and electromagnetically decaying mesons. 

It is a key element of STAR'S plan to use polar­

ized proton beams at centre-of-mass energies 

up to 500 GeV to study the gluon contribution 

to the proton spin and f lavour-dependence 

( û v s d) of the sea-quark polarization. 

T h e main thrust of the spin programme at 

RHIC is to add significantly to our knowledge 

of the spin structure of the nucléon. With the 

addition of electromagnetic calorimetry, STAR 

will provide important new information on the 

gluon contribution to the proton spin ( A G ( x ) ) 

by looking at the QCD Compton scattering 

channel , which results in a direct photon and 

jet. This channel is particularly "c lean" in that 

the only other QCD subprocess that 

contr ibutes is quark-ant iquark annihi lat ion, a 

relatively small considerat ion at RHIC ener­

gies. The large solid angle of STAR is ideally 

suited for detecting the jet and photon in 

coincidence, providing unique kinematic infor­

mation allowing the extraction of A G as a 

function of the momentum fraction x . The 

EEMC is crucial to reaching the low x portion of 

A G ( x ) and also provides essential solid angle 

for the detection of high-energy electrons from 

parity-violating W decays, which will allow 

f lavour-separated measurements of the polar­

ization of the up and down antiquark sea . 

A traditional lead/plast ic scintillator s a m ­

pling calorimeter, the EEMC is about 5 m in 

diameter and weighs 25 tonnes overal l . It con­

sists of 23 layers of lead ( laminated with thin 

stainless steel for strength) between 24 layers 

Fig. 1. The detector mounted on the west 

STAR magnet poletip, with the edges of the 

layers of lead and scintillator exposed at the 

upper right. Steve Vigdor (left) is connecting 

the optical fibre bundles (encased in a black 

sheath) used to carry the scintillator light to 

the rear of the poletip for read-out by PMTs. 

Jim Sowinski (right) is installing scintillator 

megatiles between lead radiator sheets. 

of scintillator, resulting in 21 radiation lengths 

of material at normal incidence to provide a 

linear response for energies from 1^150 GeV. 

The active area of the EEMC covers a range 

in pseudorapidi ty of 1.09 < r\ < 2 (37.2° > 6 

> 15.2°). The acceptance is segmented into 

720 projective towers assembled from 17 280 

scintillator tiles. The signals are collected in 

wavelength-shift ing fibres and carried via clear 

optical fibres (the black cables in the upper left 

of figure 1) to 720 photomultiplier tubes 

(PMTs) on the back of the magnet poletip. In 

addit ion, the detector provides fast trigger 

capabilit ies and pre-and post-shower signals 

valuable for e lect ron/hadron discrimination. 

Photon/jc° discrimination in the range 

10 -40 GeV is critical for measuring A G ( x ) . 

Thus a shower maximum detector, consisting of 

two planes of triangular scintillator strips ( 1 cm 

wide) with coaxial wavelength shifting fibres, is 

included. The - 9 0 0 0 shower maximum 

detector and pre-and post-shower signals are 

read out with 16-anode PMTs, digitized every 

110 ns and stored in a digital delay line. The 

innovative, miniaturized read-out electronics, 

incorporating a 12-bit ADC for each channel , 

mounts directly behind a thin (9 m m ) 

Cockrof t -Wal ton base on each PMT. Thus 12 

PMTs, bases and read-out electronics for 192 

Fig. 2. The back of the STAR magnet poletip 

is in the process of being completely 

covered by PMT boxes and read-out 

electronics for the endcap electromagnetic 

calorimeter. The routing of the (black 

sheathed) clear fibre bundles is visible on 

the right. The PMT boxes (blue) will be 

placed over these, as has already been 

done in other regions of the poletip. 

channels all reside in a compact magnetically 

shielded box with a single data fibre output. 

The lower half of the mechanical structure 

and one-third of the tower energy read-out was 

installed and instrumented in autumn 2002. 

This was commissioned during the RHIC III run 

and provided useful tower information. The 

RHIC IV run began in November 2003 and the 

full EEMC is ready to provide energy signals 

and triggering. A significant block of the shower 

max imum and pre/post-shower detectors is 

also instrumented. These EEMC subsystems, as 

well as the barrel electromagnetic calorimeter, 

will be completed in the next RHIC shutdown. 

The construction of the EEMC, funded primar­

ily by the National Science Foundation, has 

been underway for about three years, led by a 

group from Indiana University with collaborators 

from Argonne National Laboratory, Brookhaven 

National Laboratory, Creighton University, the 

Joint Institute for Nuclear Research, Kent State 

University, Michigan State University, Texas 

A&M University and Valparaiso University. 

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

C Allgowereta/. 2003 Nucl. Ins. Meth. A 499 740. 

M Beddo etal. 2003 Nucl. Ins. Meth. A 499 725. 

James Sowinski, Indiana University. 
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PEP II gets ready 
for a data bonanza 
Three months into run 4 and the PEP II accel ­
erator, the e lect ron-pos i t ron coll ider at S L A C , 
is performing beautifully. Recent modif ica­
t ions of PEP IPs hardware and operat ions 
have al lowed it to maintain more intense 
beams, and it looks to be on course to reach 
the ambit ious goal for run 4 : 1 0 0 inverse 
femtobarns. If this goal is reached, the data 
sample f rom the first three runs of the BaBar 
detector will be almost doubled by July 2004. 
T h e detector recorded some 125 million BB 
pairs between October 1999 and Ju ly 2003 , 
but the physicists are eager for more. 

New equipment is one key to the improve­
ments. An eighth radiofrequency (RF) cavity 
has been added to the accelerator, allowing 
more particles to be stored in the ring. Another 
improvement was to solve the problem of 
unwanted electrons in the positron ring, which 
are kicked loose from the beam pipe by syn­
chrotron radiation. Their effect is to diffuse the 
tightly packed positron beam, thus lowering 
the chance of collisions with the electron beam 
in the detector. So technicians spent a number 
of gruelling weeks in a hot tunnel , winding 
narrow wire tape around every accessible part 
of the beam pipe in the positron ring. The 
windings created a solenoid magnet that traps 
the slower electrons and keeps them out of the 
positrons' way. Maintenance has been another 
important ingredient. Over the summer , a 
vacuum leak in the interaction region was 
quickly repaired by the Mechanical Fabrication 
Department, and the Accelerator Maintenance 
RF group overhauled the entire RF sys tem. 

New ways of operat ing the accelerator have 
also started to pay off. Previously, PEP II 
operated with two empty buckets fol lowing 
each filled one. In au tumn 2003 the pattern 
was changed : strings of buckets in which 
every other one is fi l led, alternate with shorter 
str ings of empty buckets. Each change to the 
spac ing between bunches affects the beams ' 
behaviour and the new pattern has opened up 
empty slots to which more particles can 
eventual ly be added . 

A new approach to keeping the rings full was 
adopted at the beginning of December. As the 
beams collide their intensity gradually declines, 
and previously it was necessary to "top off" the 

beams by injecting new particles every 50 
minutes or so. During the 5 or 10 minutes 
required for injection, the detector had to be 
shut off to avoid the risk of radiation damage. 
Now a new "trickle injection" scheme in the 
positron ring adds small pulses of particles as 

soon as the buckets begin to be depleted, 
maintaining the beam at full brightness around 
the clock. This approach has a double data 
payoff: the collision rate does not fall off and, 
as the detector is desensit ized for much less 
t ime, it can record up to 20% more events. 
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Components from Iran en route for CMS 
The first of a pair of steel tables and shielding 
superstructures, which will house the two 
110 tonne forward hadron calorimeters for the 
CMS experiment at the Large Hadron Collider 
( L H C ) , are due at CERN in January 2004. 
These large, heavy mechanical pieces 
(175 tonnes each) are under construction at 
the Iranian firm HEPCO, located in Arak, an 
industrial town 200 km west of Tehran . The 
second set will be completed and shipped to 
CERN in spring. In addition to these tables and 
shielding structures, a couple of lead doors 
and lifting tools are also being manufactured in 
Iran; they comprise the Iranian in-kind contri­
bution to the construction of the CMS detector. 

In 2001 a Memorandum of Understanding 
for co-operat ion between CERN and Iran w a s 
s igned, and in the same year the Institute for 
Studies in Theoret ical Physics and 
Mathemat ics ( I P M - T e h r a n ) jo ined the CMS 
col laborat ion. This was the first step towards 
develop ing a high-energy physics p rogramme 
at the institute, which was tradit ionally strong 

A test assembly of the table and shielding 
cylinder for the CMS at the Iranian 
manufacturers HEPCO. (Photo: Tde Visser.) 

in theoret ical physics but has recently begun 
initiating exper imental p rogrammes in nano-
technology, accelerator and particle physics. 

There are currently two students f rom 
IPM at C E R N working on their PhD studies. 

Iranian student Saeid Paktina checking 
a detector in the CMS assembly hall at 
CERN. (Photo: M Baarmand.) 

T h e y are gaining hands-on exper ience with 
detector design and construct ion, and are 
conduct ing LHC physics simulat ions for the 
CMS. Another Iranian student will join the 
team at the end of February. 

New Zealand signs up to co-operate with CERN 
On 4 December 2003 a Memorandum of 
Understanding (MoU) between CERN and the 
government of New Zealand was s igned in the 
presence of Peter Hami l ton, New Zea land 's 
ambassado r to Switzer land. This MoU con­
cerns the further deve lopment of scientif ic 
and technical co-operat ion in high-energy 
particle physics between Ernest Rutherford 's 
birthplace and C E R N , wh ich now hosts one of 
the wor ld 's most ambit ious scientif ic endeav­
ours, the Large Hadron Coll ider ( L H C ) . 

In anticipation of the M o U , two New 
Zea land universit ies (the University of 
Auck land and the University of Canterbury in 
Chr is tchurch) have already jo ined the CMS 
col laborat ion to work on pixel detectors, 
where they can benefit f rom the expert ise of 
the pixel group at the Paul Scherrer Institute. 
These detectors are not only va luable in 
high-energy particle physics, but also serve 
medical appl icat ions. 

As a next step, an international workshop 
on semiconductor instrumentat ion for particle 

New Zealand's ambassador to Switzerland Peter Hamilton (left) and CERN's director-
general Luciano Maiani sign the Memorandum of Understanding on 4 December 2003. 

physics, medical physics and astrophysics will 
be hosted by the Royal Society of New 
Zea land in Wel l ington. The University of 
Melbourne in Austral ia, which is involved in 
work on sil icon detectors as a member of the 
ATLAS col laborat ion, will provide addit ional 
part icipation f rom the Australasian continent. 

It is expected that this workshop will create 
synergies between the high-energy particle, 
medical and astrophysics communi t ies of 
New Zea land , Austral ia and the rest of the 
wor ld . For more information about the work­
shop , see h t tp : / /hep-pro jec t -anz-workshop. 
web .ce rn .ch . 
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PPARC announces research agenda for the UK 
The UK Particle Physics and Ast ronomy 
Research Council (PPARC) has outl ined its 
latest research goals in its Strategic Plan for 
2 0 0 3 - 2 0 0 8 . Among its aims are to increase 
UK industrial compet i t iveness and gain leader­
ship roles in the construction of the next 
generat ion of major particle-physics facilities. 

Top of the agenda for particle physics is to 
fulfil the UK's commitment to the Large Hadron 
Collider (LHC) at C E R N , and its contribution to 
the ALICE, ATLAS, CMS and LHCb experiments. 
Involvement with the construction of these 
detectors is essential to maintain PPARC's role 
in funding research that will improve scientists' 
understanding of the precise structure of 
matter, our universe and the forces that bind it 
together. In recognizing that the future of 
experimental particle physics lies in global 
accelerator facilities, PPARC also plans to build 
up the UK's capacity in accelerator R&D, 

Ian Halliday, PPARC chief executive, presents 
the new strategic plan. (Photo: PPARC.) 

enabling UK scientists to play a leading role in 
their design. As part of the process, PPARC 
intends to create centres of expertise in particle 
physics and invite UK universities to host them. 

Following the experimental confirmation of 
neutrino masses and the subsequent need for 
a neutrino factory to study neutrino properties, 

PPARC also intends to increase investment in 
neutrino R&D. The council hopes that such an 
effort will create sufficient expertise in the UK 
to host a neutrino factory facility. Existing UK 
infrastructure wou ld allow a neutrino factory to 
be in place by the end of the next decade. 

PPARC is also concerned with improving the 
comput ing infrastructure required to handle 
LHC data. In a bid to maintain the UK's com­
petitive edge in high-performance computing, 
£16 million (€22 million) was announced in 
December to create a massive comput ing grid. 
Known as Gr idPP2, it will be equivalent to 
Japan 's Earth simulator computer - the second 
largest in the world - and will eventually form 
part of the larger European Grid. GridPP2 will 
thus enhance the overall data-processing 
capability when the LHC comes online in 2007. 
• The f ive-year strategic plan is available at 
www.ppa rc .ac .uk /Pb l / pubs .asp . 

ICFA launches 
selection process 
The International Committee for Future 
Accelerators ( ICFA), chaired by director of SLAC 
Jonathan Dorfan, has announced the members 
of a 12-person International Technology Rec­
ommendat ion Panel ( ITRP) for a future linear 
collider. The ITRP, with four members each from 

US defines roadmap 
for science facilities 
The US Department of Energy 's Office of 
Science has unveiled its 20 year sc ience 
facility plan. This is in effect a roadmap for 
future scientific facilities to support the depart­
ment 's basic science and research missions. 
The plan prioritizes new, major scientific facili­
t ies as well as upgrades to current ones. The 
28 facilities listed cover the range of sc ience 
supported by the Office of Sc ience, including 
high-energy physics, nuclear physics and 
advanced scientific computat ion. 

The list begins with 12 facilities that are 
identified as near-term priorities. Priority one is 

Europe, North America and Asia, is charged 
with recommending which of two leading accel­
erating technologies will form the best choice 
for a future international linear collider. 

In 2002 ICFA set up its International Linear 
Collider Steering Commit tee ( ILCSC) , chaired 
by Maury Tigner of Cornell , to guide the com­
munity through the R&D phase to construction 
of a linear collider. However , to commence an 
international design, the communi ty must 
decide between two leading linac RF techno lo -

ITER, the international collaboration to build 
the first fusion exper iment capable of produc­
ing a self-sustaining fusion reaction. Priority 
two is an UltraScale Scientific Comput ing 
Capabil i ty, to be located at multiple sites, 
which would increase the comput ing capabil i ty 
avai lable to support open scientific research 
by a factor of 100. 

Four facilities tied for priority three, including 
the Joint Dark Energy Mission, a space-based 
probe being considered in partnership with 
NASA; the Linac Coherent Light Source to pro­
vide laser-like radiation 10 billion t imes greater 
in power and brightness than any existing X-ray 
light source; and the Rare Isotope Accelerator 
that would be the world's most powerful 
research facility dedicated to producing and 
exploring new rare isotopes not found naturally 

gies based on convent ional , room-temperature 
copper cavit ies or superconduct ing cavit ies. 

At its meet ing in Paris on 19 November , the 
ILCSC finalized the selection of the ITRP, its 
chair and charter. Barry Barish of Caltech is to 
be chair, and the ITRP is to hold its first 
meet ing in January 2004. 
• T h e charge to ITRP, the panel membersh ip 
and the parameters for a linear collider are in 
"Recent ICFA Linear Collider Activit ies" at w w w . 
fna l .gov /d i rec tora te / i c fa / i c fa_home.h tml . 

on Earth. Six others complete the near-term 
priorities. These include the 12 GeV upgrade 
for CEBAF at the T h o m a s Jefferson Laboratory 
and the BTeV exper iment at Fermilab. 

A linear collider operating in the T e V energy 
region heads the list of eight mid-term priori­
t ies. These also include a Double Beta Decay 
Underground Detector and an upgrade to 
provide a 10-fold increase in the luminosity of 
Brookhaven 's RHIC II. The eight far-term 
priorities include a Super Neutrino Beam, 10 
t imes more intense than those currently avai l­
able, and eRHIC, a project to add an electron 
accelerator ring to the existing RHIC complex. 
• A document describing all 28 facilities and 
the prioritization process, "Facilities for the 
Future of Sc ience: A Twenty-Year Out look", is 
available at www.sc .doe .gov . 
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NEWS 

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

CERN hosts major policy conference 
Scient ists, policy makers and stakeholders 
f rom around the world came together at 
C E R N on 8 and 9 December 2003 , when the 
laboratory hosted The Role of Sc ience in the 
Information Society (RSIS) conference. 
Organized by CERN in col laborat ion with 
U N E S C O , the International Counci l for 
Scientif ic Unions and the Third Wor ld 
A c a d e m y of Sc ience, the conference took 
place immediately prior to the Wor ld Summi t 
on the Information Society ( W S I S ) , held in 
Geneva on 10 -12 December . 

T h e conference was organized on the 
premise that sc ience has a key role to play in 
broadening the information society (see p58) . 
Basic sc ience made the technologies that 
underl ie the information society possible, and 
the needs of the scientific communi ty have 
often driven new deve lopments in information 
and communicat ion technologies ( ICTs) , such 
as the Internet and the Wor ld Wide W e b . As 
Ismail Serageld in, director-general of the 
Library of Alexandr ia, Egypt, told the confer­
ence: "Today , when we stand at the threshold 
of the new ICT revolution and can barely see 
the contours of the new organizat ion of 
knowledge, we must be will ing to re-invent 
ourselves and to think of radical change, not 
just incremental change . " 

During the first half-day of the conference, 
plenary speakers gave their perspect ives on 
the past, present and future of sc ience, 
ICTs, and society. The fol lowing morning, 
a t tendees divided into parallel sess ions 
where they explored five areas in more depth : 
enabl ing technologies, economic deve lop­
ment , heal th, env i ronment and educat ion. The 
plenaries then reconvened in the af ternoon, 
w h e n participants heard the results of the 
parallel sess ions, a v is ionary panel and 
closing remarks. 

A m o n g the key plenary speakers were 
Pr incess Maha Chakri Sir indhorn of Tha i land, 
w h o reminded the conference that there is 
no single formula for deve lopment ; T im 
Berners-Lee, director of the Wor ld Wide W e b 
Consor t ium ( W 3 C ) , w h o art iculated the vis ion 
that led him to create the Wor ld Wide W e b 
whi le working at C E R N ; Ismail Sarageld in , who 
descr ibed in particular the "hole in the wal l " 

Princess Maha Chakri Sirindhorn of 
Thailand reminded participants that, "there 
is no single formula for development" 

Santiago Borrero, secretary-general of the 
Pan-American Institute for Geography and 
History, warned that, "Technology itself does 
not ensure the successful use and application 
of digital data...Information technology, 
infrastructure and connectivity do not 
necessarily equate to information access 
and a real bridging of the digital divide. " 

project for bringing the W e b to s lum chi ldren; 
and Lidia Brito f rom Mozambique, w h o 
emphas ized the importance of fair t rade in 
knowledge. Koichiro Matsuura, the 
director-general of U N E S C O , and Yosh io 
Utsumi , the secretary-general of the 
International Te lecommunica t ion Union, also 
addressed the conference. 

Severa l general themes emerged and 
received clear support at RSIS: 
• that fundamenta l scientific information be 
made freely avai lable; 
• that the sof tware tools for the d issem-

United Nations secretary-general, Kofi Annan 
(left), and Tim Berners-Lee in discussion at 
the science stand organized by CERN as part 
of the World Summit on the Information 
Society at the Palexpo Centre in Geneva. 

ination of this information be also made 
freely avai lable; 
• that networking infrastructure for distribut­
ing this information be establ ished wor ldwide; 
• that training of people and equ ipment 
to use this information be provided in the 
host nat ions; 
• and that general educat ion underpins all 
these goals and is an indispensable basis for 
the information society. 

"This event has helped to deve lop a vis ion 
for how information and communicat ion 
technologies can be appl ied for the greater 
benefit of al l ," said Luciano Maiani, director-
general of C E R N , in his summary of the 
conference. Immediate ly fol lowing RSIS, 
Maiani made a s ta tement at WSIS on behalf 
of the part icipants. He was instructed by RSIS 
to urge the heads of state gathered at W S I S to 
endorse fully the guidel ines that emerged 
f rom the RSIS d iscussions. 

C E R N also held a Sc ience and the 
Information Society Forum at the " ICT for 
Deve lopment " platform in Geneva ' s Palexpo 
Centre, which was open to the public during 
the wor ld summit . T h e forum served as a 
venue for scientif ic organizat ions to exhibit 
their ICT-related initiatives. Also on display 
was the first W e b server and information 
about CERN and the RSIS conference. Using 
the server, United Nat ions secretary-general 
Kofi Annan and T im Berners-Lee sent a 
message to 800 schools around the wor ld . 
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CERN COURIER ARCHIVE: 1959 
We look back at some of the items in the first ever issue of CERN Courier 

ALL 100 MAGNETS IN POSITION 

Making the 'PS' ready for operation 
Friday 10 July 1959 was a red-letter day for 
the Proton Synchrot ron (PS) Divis ion. It was 
on that day, at 3.10 p.m., that the electric 
locomot ive used to bring the magnets to the 
ring slowly pulled its final load into the tunnel . 
Now the 100 magnets - each weighing 38 
tonnes - that make up the e lect romagnet are 
in place, a major construct ion phase of the PS 
can be regarded as comple ted . 

In the south experimental hall, the test bed 
used to measure the magnetic properties of the 
100 magnets has been removed from its con­
crete support, while the railway used to carry 
the magnets to the accelerator has been 
dismantled. Some said that the PS had "burnt 
its boats", however, that is not the case as 
there is a permanent track running inside the 
accelerator ring from the tunnel to the northern 
experimental hall. Nevertheless, the d isman­
tling of these elements symbol izes the confi­
dence within the PS Division after submitting 
each of the sub-assemblies to meticulous tests. 

Could this be seen as marking the c o m ­
pletion of the installation of the magnets? Not 
really, especial ly as far as the geodesies team 
in charge of the final posit ioning of the 
e lect romagnets was concerned . On average, 
two hours are needed to posit ion each of the 

The last magnet unit being towed towards the ring of the Proton Synchrotron. 

100 magnets with a radial to lerance of one-
tenth of a mill imetre on a ring with a 200 m 
diameter. This provides an insight into the 
scale of the geodesies team's task. The fact is 
that once the magnets have briefly been 
powered up, new tests and adjustments will 
be necessary. Subsequent ly , the team will 
have to take advantage of two annual shut­
downs to redo the measurements . 

Regulars in the "ring" will not have failed to 
notice the presence of a sign stating "Tunnel 
blocked at the 46th magnet". What was the 

reason for this warning, punctuated by the 
incessant f lashing of two red lamps? It is 
important to note that before the magnets are 
powered up fo r the first t ime on 27 July, there 
will be a final check of the connections and 
surfaces to ascertain that no tools or other 
foreign bodies that may be influenced by the 
magnetic field remain on the magnets or in the 
gaps. The ring has been blocked off to ensure 
that these checks can be carried out properly. 
• This extract is translated from the article in 
French, see Courrier CERN August 1959 p4. 

OTHER PEOPLE'S ATOMS 
Stanford University 
stirs excitement 
Stanford University in California is one of the 
leading players in the linear accelerator field. It 
operates a sizeable collection of these machines, 
some of which are used for medical purposes. Its 
75 m long machine produces 700 MeV electrons 
and its energy is to be increased to 1050 MeV. 

At the end of May this year, Stanford again 
made the headl ines with a linear accelerator. 
Taking the floor at a scientific sympos ium in 
Manhat tan, President E isenhower stated that 
he would be recommending the US Congress 
to fund "a new linear electron accelerator.. .a 
machine measur ing over three ki lometres long, 
making it by far the largest ever built". 

If Stanford acquires such a machine, it will 

be one of the world 's most spectacular atom 
smashers . T w o parallel tunnels, each nearly 
three ki lometres long, would have to be exca­
vated in the rock of a hill near Palo Alto. This 
natural protection wou ld , of course, act as a 
barrier against any dangerous radiation likely 
to be produced. The tunnel with the smaller 
diameter would house the accelerator itself, 
whi le the larger tunnel would be used for 
services needed to maintain the machine. 

The new Stanford accelerator would first 
produce 15 BeV (GeV) electrons, but there is 
talk of a possible subsequent energy increase 
to 40 BeV. It is est imated that machine 
construct ion will take six years and cost 100 
million dollars. At the t ime of going to press, 
the only remaining hurdle to the project's 
approval is the decision to be taken fol lowing 
the debate by Congress in July. 
• Translated from Courrier CERN August 
1959 pi. 

EDITOR'S NOTE 
Whi le C E R N began in 1954, the f irst 
edi t ion of the CERN Courier did not 
appear unti l A u g u s t 1959, wi th the subt i t le 
"Mon th l y pub l ished f o r t h e C E R N staff" . 
T h e ear ly edi t ions we re certa in ly more 
l ike an ama lgama t i on of the current 
Courier and the week l y Bulletin ( see 
h t t p : / / b u l l e t i n . c e r n . c h / ) . Only wi th v o l u m e 
2 , in Janua ry 1962, did the Courier c o m e 
to resemb le c losely its current f o rm . But it 
is in terest ing to see that even the f irst 
edi t ion carr ied news of other laborator ies -
and that the major s tory about the PS (on ly 
part of wh ich appears here) is ref lected in 
this mon th ' s art ic le on the LHC ( p 3 0 ) . 

Over the coming months w e plan to br ing 
you more of these g l impses into the past. 
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PHYSICSWATCH 
Compi led by Steve Reucroft and John Swain 

Photonic crystal makes flat lens 
Lenses are usually thought of as being 
made of curved dielectrics, but must this 
a lways be the case? Rather surprisingly, the 
answer is "no " , as Srinivas Sr idhar and 
col leagues at Northeastern University in 
Boston, US , have demonst ra ted . 

The key to creating the flat lens lies with the 
recent advent of materials - photonic crystals 
- that effectively have a negat ive index of 
refraction. A flat slab of such a substance can 
have an index of refraction that depends on 
the angle at which radiation hits it. The slab 
can then act as a lens, with the amazing 
property that there is no preferred axis and 
no restriction in aperture size. As the 
Northeastern researchers point out, the tricky 
part in creating the flat lens is in designing a 
photonic crystal with negat ive refraction over 
a wide range of angles - and low absorpt ion. 

The two pictures on the right show that they 
succeeded with a structure composed of 
cylindrical a luminium rods. In the upper pic­
ture an image of a point source of microwaves, 
at a f requency of 9.3 GHz, is created on the far 
side of the slab. In the lower picture the source 
has been moved up by 4 cm and the image 
has moved correspondingly. This illustrates 
that the flat lens does not have a single optical 
axis and limited aperture. 

Whi le this lens works only with microwaves 
- and in fact only for a narrow range of 

A flat lens formed from an array of 
cylindrical aluminium rods creates an 
image (right) of a microwave source (left). In 
the lower picture the image has followed 
the 4 cm upward movement of the source. 

f requencies, f rom 9 .0-9 .4 GHz - the principle 
could herald a revolution in optics. 

F u r t h e r r e a d i n g 
P V Parimi et al. 2003 Nature 4 2 6 404. 

Quintessence drives inconstant constant 
The idea that the fine structure "constant" a 
might vary with t ime is an old one, but has 
been bolstered by observat ions of distant 
quasars that suggest a could have been 
dramatical ly smal ler s o m e 10 billion years 
ago. On the other hand , terrestrial 
measurements suggest only a very s low 
variat ion (if a n y ! ) , which seems to be 
incompat ib le with the quasar work (CERN 
Courier March 2003 p 15). 

Now Luis Anchordoqui and Haim Goldberg 
of Northeastern University, US, have shown 
that these pictures can be reconciled by 
linking the variation in a not just to the 
passage of t ime, but also to the evolut ion of 
the dynamical scalar field known as 
"qu in tessence" . This has been proposed to 

explain the "dark energy" that appears to 
control the expansion of the universe (CERN 
Courier September 2003 p23) . In particular, 
Anchordoqui and Goldberg have considered 
the model of Andreas A lb rech tand 
Constant inos Skordis, in which the quintes­
sence field has rapidly s lowed in the recent 
past. They found that they obtained agreement 
with all the data on a . So it does indeed seem 
that while most of the things in the universe fly 
away from each other, protons and electrons -
as if to defy the expansion of space - hold 
ever tighter to each other as a increases. 

F u r t h e r r e a d i n g 
L Anchordoqu i and H Goldberg 2003 
Phys. Rev. D 6 8 083513. 

New random way 
to immunize 
Whether one worries about limited supplies of 
vaccines during the flu season, or about what 
might be needed in the event of a biological 
attack, it seems a good idea to think about how 
to optimize the distribution of such protection. 
Reuven Cohen of Bar-Man University in Israel 
and col leagues have made an amazingly s im­
ple suggest ion: choose, at random, a sample of 
the populat ion, ask them to name one acquain­
tance and then vaccinate those acquaintances. 

The idea is that the people who are most 
likely to spread t h e disease, due to their large 
number of associates, have a high probability 
of being named . This overcomes the problem 
that those who have many acquaintances tend 
to be fewer in number and therefore unlikely to 
be chosen in a random trial. Whi le this is 
clearly of medical interest, its application in 
protecting computers f rom viral attack by 
distributing suitable patches is also clear. 

F u r t h e r r e a d i n g 
R Cohen etal. 2003 Phys. Rev. Lett. 91247901 . 

Doppler reversed 
in radio waves 
When does the frequency of a source increase, 
rather than decrease, as it moves away from 
you? One place is in Bristol, UK, in a laboratory 
at BAE Systems, where Nigel Seddon and 
Trevor Bearpark have demonstrated this remark­
able effect with radio waves. The idea is to have 
waves in a nonlinear medium that can exhibit 
anomalous dispersion. In this case - which as it 
turns out has been known since the 1940s -
the effect occurs as the incoming waves strike 
the boundary between a region of anomalous 
dispersion that is moving away and a region of 
normal dispersion that has not yet been made 
anomalous. The backscattered component then 
comes back shifted not down, but up in fre­
quency. This work offers a whole new way of 
thinking about how to generate frequencies in 
traditionally difficult regions of the spectrum. 

F u r t h e r r e a d i n g 
N Seddon and T Bearpark 2003 Science 
3 0 2 1537. 
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ASTROWATCH 
Compiled by Marc Tùrler 

Spitzer Space Telescope delivers first pictures 
On 18 December 2003 a new w indow to the 

universe opened with the release of the first 

dazzl ing images from NASA 's newly named 

Spitzer Space Te lescope , formerly known as 

the Space InfraRed Te lescope Facility. T h e 

te lescope was renamed after Lyman Spitzer 

( 1 9 1 4 - 1 9 9 7 ) , a renowned astrophysicist 

w h o first proposed placing te lescopes in 

space in the mid-1940s. 

T h e Spitzer Space Te lescope was launched 

by a Delta II rocket f rom Cape Canavera l , 

Florida, on 25 August 2003 . It is the fourth 

and last mission of NASA 's suite of Great 

Observator ies, which includes the Hubble 

Space Te lescope , the Compton G a m m a - R a y 

Observatory and the Chandra X-ray 

Observatory . Consist ing of a 0.85 m te lescope 

and three cryogenical ly cooled sc ience 

instruments, Spitzer is larger than the 0.6 m 

European Infrared Space Observatory , 

wh ich was in operat ion f rom November 1995 

until May 1998. 

T h e Spitzer Space Te lescope is devoted to 

observ ing infrared radiation at wave lengths 

between 3 and 180 | jm . This is mainly heat 

emiss ion f rom celestial bodies that have a 

temperature between roughly 10 and 1000 K. 

Such objects include smal l stars that are too 

Picture of the month 
O n e of the very first images f rom the 

Spi tzer Space Te lescope prov ides a 

spectacu lar contrast to the opaque c loud 

seen in vis ible light ( inset , bot tom left) . 

Spi tzer has t rans formed this dark 

g lobule - known as the E lephant 's T runk -

wi th in the emiss ion nebula IC 1396 into a 

g lowing stel lar nursery that resembles a 

creature on the run wi th f lames s t reaming 

behind it. Spi tzer 's infrared detectors 

unvei led the bril l iant h idden interior of 

this opaque cloud of gas and dust, 

expos ing for the first t ime young stars 

being fo rmed in the denses t parts of the 

c loud. T h e image is a four-colour compos i te 

of infrared light, showing emiss ion f rom 

wave leng ths of 3.6 | jm (b l ue ) , 4.5 | jm 

( g r e e n ) , 5.8 | jm (o range ) and 8.0 | jm ( r ed ) . 

( N A S A / J P L - C a l t e c h / W Reach 

( S S C / C a l t e c h ) . ) 

An artist's impression of the Spitzer 

Space Telescope in its Earth-trailing orbit 

around the Sun. The telescope observes 

infrared radiation between 3 and 180 pm. 

(NASA/JPL-Caltech.) 

dim to be detected by their visible light, 

extrasolar planets and giant molecular c louds. 

However , infrared radiation also has the 

advantage over visible light of being able to 

penetrate the dense clouds of gas and dust 

that block our v iew. Spitzer therefore al lows 

us to peer into regions of star format ion, the 

centres of galaxies and into newly forming 

planetary sys tems, which are hidden from 

optical te lescopes. Its spectral capabil i t ies 

can detect the unique signatures of the 

many molecules in space , including those 

that are organic. 

Because infrared is primarily heat radiat ion, 

the te lescope must be cooled to near 

absolute zero so that it can observe infrared 

signals f rom space wi thout interference f rom 

the te lescope 's own heat. T o reduce the 

amount of cryogen used to cool the instru­

ments as much as possible, the spacecraf t is 

protected by a solar shie ld, while its innova­

tive Earth-trail ing heliocentric orbit keeps it 

away f rom the heat released by our planet. 

After the two-and-a-hal f -year Spitzer 

miss ion, the next infrared space te lescope 

will be European . T h e Herschel mission of the 

European Space Agency , former ly cal led the 

Far InfraRed and Submi l l imetre Te lescope , is 

schedu led for launch in February 2007 . Wi th 

a mirror of 3.5 m it will detect much fainter 

sources than Spi tzer but at longer (80 to 

670 | jm) wave leng ths , so cover ing the full 

far- infrared and submi l l imetre w a v e b a n d . 

C E R N C o u r i e r January/February 2004 19 



y C - f ^ a y D e t e c t o r 
XR-100CR at 186 FWHM Resolution 

Easy - s i m p l e t o o p e r a t e a n d p o r t a b l e 

Performance - a p p r o a c h i n g t h a t o f S i ( L i ) d e t e c t o r s 

Affordable - v i s i t w w w . a m p t e k . c o m 

No Liquid Nitrogen!!! 
Solid State Design 

APPLICATIONS 
N u c l e a r P h y s i c s 

S y n c h r o t o n R a d i a t i o n 

H i g h E n e r g y P h y s i c s 

N e u t r o n E x p e r i m e n t s 

A s t r o p h y s i c s 

R e s e a r c h & T e a c h i n g 

N u c l e a r M e d i c i n e 

X - R a y F l u o r e s c e n c e 

A M R T E K 
A M P T E K I n c . 

6 D e A n g e l o D r i v e , B e d f o r d , M A 0 1 7 3 0 - 2 2 0 4 U S A 
T e l : + 1 ( 7 8 1 ) 2 7 5 - 2 2 4 2 F a x : + 1 ( 7 8 1 ) 2 7 5 - 3 4 7 0 

E - m a i l : s a l e s @ a m p t e k . c o m W W W . a m p t e k . c o m 

XR100CR X-RAY DETECTOR 
WITH POWER SUPPLY & 
AMPLIFIER 

XR100CR FITTED FOR VACUUM 
APPLICATIONS 

CERN 
COURIER 

U n r i v a l l e d a u t h o r i t y w i t h i n te rna t iona l r e a c h 

If you want your advert isement to be seen by more than 70 000 
key buyers and influential f igures in the physics industry, you 
should be using CERN Courier in your market ing campa ign . 

• For 40 years CERN Courier has been the only dedicated 
international particle-physics magazine. 

• Our readers are in every major principal research site worldwide, 
working on high-budget projects such as the Large Hadron Collider 
and the Spallation Neutron Source. 

• Your message is guaranteed to target a global audience in 
all major physics sectors. 

• There is bonus distribution at all of the industry's major shows. 

CERN Courier provides the ideal opportunity to promote your 
product and reinforce your corporate identity. For fur ther 
information on the advert is ing options available, contact 
our dedicated and exper ienced sales team. 

Jonathan Baron, Ed Jost 
Te l :+44 (0)117 929 7481 
Fax: +44(0 )117 930 1178 
E-mail: sales@cerncourier.com 
c e r n c o u r i e r . c o m / m e d i a 

GOLD AND PLATINUM 
P R O D U C T S F O R I N D U S T R Y , 

R E S E A R C H A N D T E C H N O L O G Y 

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

h o w e v e r u r g e n t - c a l l + 4 4 ( 0 ) 1 2 1 - 7 8 6 6 0 2 2 » 
W e w i l l b e p l e a s e d t o d i s c u s s y o u r 

r e q u i r e m e n t s . 

B I R M I N G H A M M E T A L 

C O M P A N Y L I M I T E D 
S P E C I A L P R O D U C T S D I V I S I O N 

G a r r i s o n S t r e e t , B o r d e s l e y , 
B i r m i n g h a m B 9 4 B N 

UK 
T e l e p h o n e ; + 4 4 ( 0 ) 1 2 1 7 6 6 6 0 2 2 

F a x : + 4 4 ( 0 ) 1 2 1 7 6 6 7 4 8 5 
w w w . b i r m i n g h a m m e t a l . c o m 

b i r m e t t @ a o l . c o m 
U S A 

T e l e p h o n e : 0 0 1 7 7 5 8 8 5 6 8 6 6 
F a x : 0 0 1 7 7 5 8 8 5 8 8 3 5 

F R A N C E 
T e l e p h o n e : 0 0 3 3 ( 0 ) 2 3 5 0 7 6 0 0 0 

F a x : 0 0 3 3 ( 0 ) 2 3 5 7 0 6 4 3 9 

http://www.amptek.com
mailto:sales@amptek.com
http://WWW.amptek.com
mailto:sales@cerncourier.com
http://cerncourier.com/media
http://www.birminghammetal.com
mailto:birmett@aol.com


RF STRUCTURES 

The quest 
for higher 
gradients 
A workshop at Argonne on high-gradient RF 
cavities attracted 90 participants, with 
contributions from CERN, KEK, SLAC, 
Argonne and Fermilab. Jim Norem reports. 

For s o m e yea rs the M u o n Co l labora t ion - a group of part ic le a n d 
acce lera tor phys ic is ts from the U S , Eu rope a n d J a p a n in terested in 
neutr ino factor ies and m u o n col l iders - has been looking at the prob­
lems assoc ia ted wi th opera t ing h igh-grad ient radiofrequenGy ( R F ) 
cav i t ies at low frequencies ( - 2 0 0 M H z ) . In add i t ion t he re has 
recen t l y been c o n s i d e r a b l e p rog ress in the d e v e l o p m e n t of h igh-
frequency, high-gradient cavi t ies for l inear col l iders. S o in order to 
rev iew the common p rob lems , whi ls t a lso aiming to communicate 
wi th the mater ia ls -sc ience c o m m u n i t y , the idea of a w o r k s h o p on 
h igh-grad ien t RF at A r g o n n e Nat iona l Labo ra to ry b e g a n to f o r m . 
A l t h o u g h w e init ial ly e x p e c t e d a b o u t 4 0 par t i c ipan ts , a lmos t 9 0 
a t tended on 7 - 9 Oc tobe r 2 0 0 3 . T h e a im of the w o r k s h o p w a s to try 
to identi fy the ef fects l imit ing grad ien ts in a w ide var ie ty of dif ferent 
app l ica t ions , and to connec t t hese wi th the proper t ies of the mat­
er ials i nvo lved . A l though mos t of the research in ach iev ing high gra­
d ients in RF cavi t ies has been in suppor t of l inear-col l ider p roposa ls , 
s imi lar cha l lenges exist for k lyst rons a n d photo in jec tors , a n d , more 
recent ly , the low- f requency cavi t ies requi red for m u o n cool ing. 

Wh i le m u c h of the d iscuss ion at the w o r k s h o p c o n c e r n e d coppe r 
cav i t ies , ta lks f rom K E K a n d D E S Y out l ined the s ta te of the art for 
s u p e r c o n d u c t i n g RF. T h e s e ta lks imp l ied tha t RF cav i t y su r f aces 
could be m a d e good enough to avo id b reakdown p rocesses , but that 
the p rocedures invo lved w e r e e x p e n s i v e and the appl icabi l i ty to nor­
ma l cavi t ies w a s not a l w a y s clear, as b r e a k d o w n even t s s e e m to be 
p r o d u c e d f rom c lean , s m o o t h su r faces . 

In a later sess ion , m e a s u r e m e n t s of direct current ( D C ) b reakdown 
f rom Corne l l , wh ich resul ted in "s ta rburs ts " identical to those s e e n in 
superconduc t ing RF cavi t ies, we re s h o w n . T h e s e even ts s e e m to con­
nect the p h e n o m e n a s e e n in D C , no rma l conduc t ing a n d s u p e r c o n ­
duct ing RF. T h e r e w e r e a lso p resenta t ions of n e w data f rom A r g o n n e 

Fig. 1. The distribution of electric fields in an 11.4 GHz 
prototype cavity for the NLC, showing high fields at irises and 
low electric fields near the coupling port, where many 
breakdown events occur. (V Dolgashev, SLAC.) 

Fig. 2. Ions (red) and neutral atoms (green) being pulled 
apart by 10 GV/m electric fields, in a process similar to field 
evaporation. (Z Insepov, Argonne.) 

on dielectr ic acce lera t ion s t ruc tures , a n d theoret ica l d i scuss ions on 
mul t ipactor ing in t hese s t ruc tures . 

Mos t of the w o r k s h o p , h o w e v e r , w a s d e v o t e d to s u m m a r i e s of 
results f rom g roups work ing on l inear-col l ider deve lopmen t . T h e CLIC 
t e a m f rom C E R N repor ted the resul ts of s tud ies of refractory mater i ­
als ( m o l y b d e n u m , tungs ten ) , wh ich s e e m to be able to surv ive higher 
f ields than the c o p p e r usual ly u s e d , but require m u c h longer to c o n ­
dit ion (CERN Courier March 2 0 0 3 p 6 ) . T h e y a lso repor ted the fre­
q u e n c y a n d t empera tu re d e p e n d e n c e of b r e a k d o w n , s h o w i n g data 
indicat ing tha t t h e s e t w o p a r a m e t e r s do not h a v e a s t rong effect. 

Part ic ipants f rom S L A C and K E K desc r ibed the efforts be ing m a d e 
for the Next L inear Col l ider ( N L C ) and Globa l L inear Col l ider ( G L C ) 
projects, respect ive ly , to d e v e l o p 11.4 G H z s t ructures ( f igure 1) that 
opera te s tab ly at 65 M V / m wi th 4 0 0 ns pu lses . A l though the perfor­
m a n c e of t hese s t ruc tures is a p p r o a c h i n g that requi red for a l inear 
coll ider, the grad ient l imits are not ful ly unde rs tood . O n e l imitat ion 
that has been o v e r c o m e is though t to or ig inate f rom pulse heat ing at 
the sharp -edged w a v e g u i d e open ings to the coupler cel ls. Pulse t e m ­
perature increases a b o v e 100 °C appea r to cause stress-related frac­
tur ing of the c o p p e r su r face , w h i c h leads to b r e a k d o w n . Round ing > 
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RF STRUCTURES 

t hese edges to reduce the high peak mag­
netic f ields that e n h a n c e the pulse heat ing 
has e l iminated these even ts . O the r break­
d o w n m e c h a n i s m s h a v e b e e n m o r e e lu ­
s ive . In genera l the b reakdown rate is s e e n 
to d e p e n d s t rong ly on su r f ace f ield for a 
g i ven s t ruc ture d e s i g n , wh i le b r e a k d o w n -
related d a m a g e appea rs to d e p e n d on the 
RF power level , i ndependen t of the des ign . 
A t high power this d a m a g e leads to break­
d o w n s on s u b s e q u e n t pu l ses (so -ca l l ed 
"sp i t fes ts" ) , p revent ing fur ther inc reases in 
gradient. For the three generat ions of struc­
ture des igns that have been eva lua ted , this 
m e c h a n i s m has l imited input p o w e r levels 
to 6 0 - 8 0 M W , whi le the su r face f ie lds at 
th is limit have var ied by a lmos t a factor of 
t w o ( 1 1 0 M V / m to 195 M V / m ) . T h e struc­
ture des ign efforts have there fore f o c u s e d 
on reducing the input power for a g iven gra­
dient, wh i ch is difficult due to ef f ic iency and wakef ie ld const ra in ts . 

KEK also repor ted on m e t h o d s of sur face t rea tment for the new S-
and C-band accelerator s t ructures they are building. T h e relative mer­
its of d i a m o n d turn ing, chemica l e tch ing, e lect ropol ish ing, v a c u u m 
baking, hyd rogen bak ing and wa te r r insing are be ing sys temat ica l ly 
s tud ied as part of their p r o g r a m m e to upgrade the injector l inac. A 
new me thod of smoo th ing , a lmos t to the level of s ingle a t o m s , w a s 
p roposed by Ep ion Corpora t ion . Gas-c lus ter ion b e a m s (for examp le 
argon clusters at kilovolt energ ies) can p roduce ve ry s m o o t h sur faces 
on a variety of materials, with respectable erosion rates and coverage. 

T h e M u o n Col laborat ion repor ted on recent m e a s u r e m e n t s in Lab 
G at Fermi lab, wh ich s h o w e d m u c h n e w detai l on dark-current pro­
duc t ion , as wel l as p lans for the d e v e l o p m e n t of 201 M H z cavi t ies, 
w h i c h are requ i red by the M u o n Ionizat ion Coo l ing Exper imen t . In 
addi t ion n e w data on high g rad ien ts in h igh-pressure cav i t ies w a s 
p resen ted by M u o n s Inc - a smal l bus iness that w a s set up to per­
fo rm R & D for m u o n cool ing. A un ique fea ture of this faci l i ty is the 
ability to p roduce ve ry high magnet ic f ields in a var iety of geomet r ies . 

Ta lks on model l ing b r e a k d o w n , f rom S L A C , Cornel l and A r g o n n e , 
looked at the process f rom a var ie ty of d i rect ions. T h e mos t comp le te 
descr ipt ion of the d e v e l o p m e n t of RF b reakdown even ts , wh i ch relies 
on an artificial inject ion of ions to get the p rocess s tar ted , is a mode l 
tha t has been unde r d e v e l o p m e n t at Cornel l for s o m e t ime . Perry 
Wi lson f rom S L A C s u m m a r i z e d the m a n y dif ferent m e c h a n i s m s that 
have been s h o w n to be invo lved in b r e a k d o w n . P lasmas h a v e been 
seen in m a n y cavit ies and DC structures, and dark currents are known 
to be present at s o m e levels in h igh-gradient cavi t ies. Sur face treat­
m e n t s af fect the b e h a v i o u r of t he cav i t ies , at least until the by­
products of p rev ious b reakdown even ts domina te the su r face , and 
su r face heat ing d u e to wal l cu r ren ts a n d pe rhaps dark cur ren ts is 
known to contr ibute. In addi t ion the p lasma phys ics of ions, a toms 
and sur faces in h igh, rapidly chang ing electric f ields is quite complex . 

It s e e m s tha t wh i le m a n y app l i ca t i ons are l imi ted by the s a m e 
m e c h a n i s m s , t h e s e m e c h a n i s m s are not wel l u n d e r s t o o d . T h e 
des igns for the S L A C / K E K 11.4 G H z N L C , C E R N ' s 30 G H z CLIC l inac 

a n d the M u o n Co l l abo ra t i on ' s 8 0 5 a n d 
2 0 0 M H z cavi t ies s e e m to be af fected by 
b r e a k d o w n at opera t ing f ie lds cons is ten t 
w i th the p r o d u c t i o n , by f ield e n h a n c e ­
m e n t s , of local su r f ace electr ic f ie lds of 
5 - 1 0 G V / m . In add i t ion to th is m e c h a ­
n i s m , a separa te fai lure m o d e c o n n e c t e d 
wi th the local cur rent dens i ty in the wal ls 
c a n o c c u r - t he p h e n o m e n o n k n o w n as 
pu lse heat ing. Wh i le b r e a k d o w n in lower 
f requency cavi t ies s e e m s to be domina ted 
by the high electr ic f ie lds, pu lse heat ing is 
more of a conce rn at h igher f requenc ies . 

T h e r e w a s cons ide rab le interest in iso­
lating a " b r e a k d o w n tr igger". In a sess ion 
on mode l l i ng , the re s e e m e d to be s o m e 
ag reemen t that the miss ing e lement w a s a 
m e c h a n i s m that wou ld propel large n u m ­
bers of a t o m s and ions into the v o l u m e of 
t he cav i t y , to mix wi th the f ie ld-emi t ted 

e lect rons that are known to be there a l ready . 
W o r k at A r g o n n e over the past y e a r has been a imed at ident i fy ing 

the b r e a k d o w n t r igger (s ) . Deta i led m e a s u r e m e n t s on dark cur rents 
at Fermi lab h a v e s h o w n local f ie lds of a round 10 G V / m at emi t ters . 
S u c h f ields can p roduce tensi le s t resses c lose to the tensi le s t rength 
of copper , w h e r e f r agmen ts cou ld break off and fly into the cavi ty . 
A l so , s o m e pre l iminary but ve ry pho togen ic model l ing of f ield e v a p ­
orat ion ( f igure 2 , p 2 1 ) , s e e m s to s h o w tha t large f luxes of s ing le 
a toms , ions and c lusters cou ld be in jected into the cavi ty v o l u m e at 
the appropr ia te electr ic f ield and t empera tu re . T h e effects of grain 
boundar ies and defec ts a lso s e e m to be impor tant ( f igure 3 ) . A t the 
high current dens i t ies p resent in h igh- f requency cavi t ies, the resis­
tivity of de fec ts w o u l d p roduce ve ry high local ohmic heat ing dens i ­
t ies ( a n d electr ic f ie lds) in the sur face of the mater ia l . 

T h e su r faces that exist in cav i t ies are comp lex , both st ructural ly 
and chemica l l y , a n d not comp le te l y unde rs tood , so con t inued effort 
will be requ i red to p rogress fur ther. A l t hough the priorit ies are not 
ent irely c lear, it s e e m s as if a var ie ty of mater ia l -sc ience m e a s u r e ­
men ts cou ld begin to prov ide useful in format ion on how s o m e of the 
p r o p o s e d t r igger m e c h a n i s m s for b r e a k d o w n might ac tua l ly work . 
T h e r e w a s s o m e talk abou t the m e a s u r e m e n t s that shou ld be m a d e 
and w h o might be invo lved in t h e m . T h e r e w a s a lso d iscuss ion of 
the s c o p e of cur rent exper imenta l a n d theoret ica l p r o g r a m m e s that 
are a imed at improv ing cav i ty pe r fo rmance . 

Whi le a comple te descr ipt ion or explanat ion of b reakdown remains 
to be f o u n d , the w o r k s h o p began to s h o w how p rocesses at sur faces 
and sur face proper t ies cou ld in f luence the p h e n o m e n o n . Ul t imately, 
the re levant ques t ion is h o w m u c h contro l is it poss ib le to have ove r 
b r e a k d o w n , and the a n s w e r will require s o m e aggress ive mult id isci-
pl inary research and d e v e l o p m e n t . 

F u r t h e r r e a d i n g 
Ta lks f rom the w o r k s h o p are ava i lab le at w w w . h e p . a n l . g o v / R F . 

J i m N o r e m , Argonne National Laboratory. 

Fig. 3. This graphic shows surface damage 
associated with grain boundaries, perhaps 
as a result of localized ohmic heating. 
(S Harvey, SLAC.) 
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5 0 YEARS OF CERN 

CERN's heart beats 
as strong as ever 
Gunther Plass looks back to the very 
beginnings of the Proton Synchrotron in the 
1950s and its subsequent career as the 
centrepiece of CERN's accelerator complex. 

T h e t ime ly cons t ruc t i on a n d c o m m i s s i o n i n g , in N o v e m b e r 1959 , of 
C E R N ' s P ro ton S y n c h r o t r o n ( P S ) c lea r l y d e m o n s t r a t e d bo th t h e 
abi l i ty of the y o u n g E u r o p e a n labora to ry to tu rn a n e w c o n c e p t into 
real i ty a n d the w i s d o m of t he d e c i s i o n , t a k e n a s ear ly as O c t o b e r 
1952 , to bui ld an a l ternat ing-gradient s y n c h r o t r o n . N o b o d y invo lved 
cou ld h a v e i m a g i n e d t ha t t h e PS w o u l d r e m a i n t h e b a c k b o n e of 
C E R N ' s sc ient i f ic act iv i t ies for m o r e t h a n 50 y e a r s . 

T h e o r ig ins of t h e PS d a t e b a c k to M a y 1 9 5 2 , w h e n t h e p rov ­
is ional C E R N Counc i l d e c i d e d to bui ld a 6 0 0 M e V synch ro -cyc lo t ron 
( s im i l a r to t h e o n e at L i v e r p o o l in t h e U K ) a n d a " h i g h - e n e r g y " 
P S ( s im i l a r to t he 2 G e V C o s m o t r o n at B r o o k h a v e n ) , a n d to se t 
up " S C " a n d " P S " g roups . T h e initial m e m b e r s of the PS g roup w e r e : 
H a n n e s A l f en ( S w e d e n ) , O d d D a h l ( N o r w a y ) , D W Fry ( U K ) , 
W o l f g a n g G e n t n e r ( G e r m a n y ) , F r a n k G o w a r d ( U K ) , Kjell J o h n s e n 
( N o r w a y ) , F Regens t re i f ( F r a n c e ) , Chr is S c h m e l z e r ( G e r m a n y ) a n d 
Rolf W i d e r ô e ( S w i t z e r l a n d ) . 

C o n c e p t a n d d e s i g n 
T h e PS g roup set ou t to w o r k on a s y n c h r o t r o n of the weak - focus ing 
t ype , s imi lar to the C o s m o t r o n at B r o o k h a v e n , but w i th an ene rgy of 
10 G e V . T h r e e m e m b e r s of the g r o u p , D a h l , G o w a r d a n d W i d e r ô e , 
w e n t to B r o o k h a v e n in A u g u s t 1 9 5 2 for d i s c u s s i o n s w i th t he 
C o s m o t r o n ' s des igners . T h e A m e r i c a n sc ient is ts , howeve r , p resen ted 
their visi tors wi th a revolut ionary concep t f o r t h e des ign of future high-
e n e r g y acce le ra to rs . A l te rna t ing the magnet ic - f ie ld g rad ien ts wh i le 
increas ing t h e m as m u c h as poss ib le w o u l d afford s t rong focus ing of 
the b e a m , as occurs in a s e q u e n c e of opt ical lenses, a l lowing smal ler 
b e a m aper tu res a n d m a g n e t s f o r t h e s y n c h r o t r o n . C o n v e r s e l y , for a 
g i ven m a g n e t m a s s of a s y n c h r o t r o n , subs tan t ia l l y h igher part ic le 
energ ies cou ld be o b t a i n e d . Th i s p roposa l b e c a m e at o n c e the s u b ­
jec t of in tense d iscuss ions wi th the inventors Ernest Couran t , S tan ley 
L iv ingston a n d Har t land S n y d e r . (Th is pr incip le had b e e n p r o p o s e d 
i ndependen t l y by N icho las Chr is toph i los t w o y e a r s ear l ier . ) 

T w o p rob lem a reas s o o n e m e r g e d : v e r y h igh g rad ien ts w o u l d lead 
to ve ry s t rong sensi t iv i ty to magnet ic- f ie ld or a l i gnmen t er rors , and at 
a cri t ical e n e r g y level - t he " t r ans i t i on " e n e r g y - to ta l b e a m loss 
w o u l d occu r un less c o u n t e r m e a s u r e s w e r e f o u n d . All t he s a m e , on ly 
t w o m o n t h s later, in O c t o b e r 1 9 5 2 , t he PS g roup c o n v i n c e d Counc i l 

Since the PS started up in 1959, the intensity of its proton 
beam has increased a thousandfold and it has accelerated 
many other kinds of particles. Rejuvenated and upgraded, the 
PS is still the central workhorse of CERN's accelerator complex. 

An aerial view of the CERN site, as it was in spring 1957; 
the circular structure of the PS is visible to the right. 

to l aunch a feasib i l i ty s t u d y of a n a l te rna t ing-grad ien t PS of " a b o u t 
3 0 G e V " a s t h e m a i n p ro jec t of t h e n e w labora to ry . T h a t d e m o n ­
s t ra ted ex t rao rd ina ry ins ight as wel l a s fo res igh t a n d c o u r a g e . T h e 
s c e n e w a s t h u s se t for t he s u c c e s s f u l h is tory of C E R N as it d e v e l ­
o p e d - it su re l y w o u l d h a v e b e e n qu i te d i f ferent had t h e y o p t e d for 
the o ld , " s a f e " w a y . In tha t sess i on Counc i l a lso se lec ted G e n e v a as 
the sea t of the laboratory . ( W e really shou ld h a v e ce lebra ted C E R N ' s 
50 th a n n i v e r s a r y t w o y e a r s ea r l i e r ! ) 

T h i n g s p r o c e e d e d w i t h e x t r a o r d i n a r y s p e e d in t h e f o l l ow ing 
m o n t h s . Wh i l e the des ign of an a l ternat ing-grad ient m a c h i n e took > 
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Completed magnets in the South Hall wait to be installed in the 

PS ring in October 1958 - a view comparable to that of today's 

stock of "cold masses" for the Large Hadron Collider (p33). 

s h a p e in in tense co l labora t ion b e t w e e n the E u r o p e a n a n d Brook­

h a v e n t e a m s , d ip loma ts , admin i s t ra to rs a n d seve ra l e m i n e n t sc i ­

en t is ts w o r k e d ha rd on p u s h i n g t h e c o n v e n t i o n fo r t he n e w 

internat ional labora tory , in itself s o m e t h i n g neve r hea rd of be fore , 

t h rough g o v e r n m e n t s and pa r l i amen ts to rat i f icat ion. 

In O c t o b e r 1953 the first m e m b e r s of t he PS g r o u p , up to t hen 

spl i t b e t w e e n ha l f -a -dozen na t iona l labora to r ies , m o v e d into pre­

l iminary p rem ises at the Insti tut de P h y s i q u e in G e n e v a , a n d at the 

end of the m o n t h a C o n f e r e n c e on the A l te rna t ing-Grad ien t Proton 

S y n c h r o t r o n w a s he ld the re . G o o d p rog ress in so lv ing the p rob lems 

inheren t in the a l te rnat ing-grad ien t pr inc ip le w a s repo r ted , and a 

concep tua l m a c h i n e des ign p resen ted by the C E R N g roup p roved to 

be surpr is ing ly s imi lar to the PS as built six y e a r s later. 

O n 17 M a y 1954 g round w a s b roken in Meyr in on the site pro­

posed by Swi tze r land , and s o o n a f te rwards - wi th the fo rmal beg in­

n ings of the E u r o p e a n Organ i za t i on for Nuc lea r R e s e a r c h on 2 9 

S e p t e m b e r ( s e e p 5 ) - s taf f cou ld be recru i ted a n d con t rac ts for 

e q u i p m e n t a w a r d e d on a f i rm bas is . It m a y be hard in t o d a y ' s wor ld 

to imag ine the exc i temen t of t h o s e lucky e n o u g h to be recrui ted by 

C E R N . It w a s an ex t raord inary pr iv i lege to co l labora te on a truly pio­

neer ing Eu ropean project a n d to w o r k in one t e a m wi th co l leagues 

f rom ne ighbour ing count r ies o n , in the PS d iv is ion , an a lmos t unbe­

l ievable project: a h igh-prec is ion m a c h i n e of 2 0 0 m d iamete r that 

s t retched techno log ies to their ve ry limit and presented a need for ini­

t iat ive a n d invent ion in m a n y a reas . N e w arr iva ls expe r i enced the 

con t inued hospital i ty - inc luding a beaut i fu l v i ew f rom the rooftop at 

tea t ime - of the Institute de Phys ique , w h e r e s o m e tempora ry bui ld­

ings had been set up to c o p e wi th the n u m b e r s . T h e s e w e r e w o o d e n 

bar racks , w h i c h on ly e n h a n c e d the fee l ing of be ing real p ioneers . 

T i m e and again bursts of laughter pe rvaded the corr idor, coming f rom 

the office of the leader of the magne t g roup , Col in R a m m , w h e n w a y s 

w e r e be ing d i scussed both to p roduce a n d reduce the cost of the 

t h o u s a n d s of t o n n e s of e q u i p m e n t tha t h a d to be p u r c h a s e d . In 

February 1956 the sou the rn end of Lake G e n e v a ( k n o w n as "la rade 

de G e n è v e " ) f roze up - the last t ime this occu r red dur ing the 20 th 

The PS log book for the evening of 24 November 1959 with its 

announcement of full energy at 19.35, followed by champagne! 

century ! - and so did the heat ing p ipes in those tempora ry barracks. 

In J u n e 1956 , w h e n the c o m m u n i t y ga the red for the S y m p o s i u m 

on High Energy Acce le ra to rs a n d Pion Phys ics , the viabi l i ty of s t rong 

focus ing w a s b e y o n d doub t , t h o u g h it had on ly been tes ted on a 

smal l -sca le m o d e l at B r o o k h a v e n . T h e bas ic des ign of t he PS w a s 

ready, staff n u m b e r s in the PS div is ion were approach ing 140, m a n y 

of the impor tan t con t rac ts wi th indust ry w e r e be ing p repa red a n d 

Kees Z i l ve rschoon 's const ruc t ion schedu le (handwr i t ten , s ince there 

w e r e no c o m p u t e r s y e t ) w a s es tab l i shed for f in ish ing t he pro jec t 

be fore the e n d of 1959 . 

Surpr is ing ly , a Russ ian de lega t ion ( inc lud ing a tac i turn "expe r t " 

w h o s e n a m e n o b o d y h a d e v e r h e a r d be fo re or a f te r ) o b t a i n e d 

p e r m i s s i o n to par t i c ipa te in t h e s y m p o s i u m . Its m e m b e r s c o n ­

t r ibuted a n u m b e r of in terest ing p roposa l s for a d v a n c e d acce lera t ­

ing t e c h n i q u e s , a n d a b o v e al l , a g o o d quan t i t y of the d r inks a n y 

Russ ian is b rought up wi th - p lus the quant i ty of cav iar necessa ry to 

a c c o m p a n y t h e m . Ivan Chuv i l o of the Inst i tute of Theore t i ca l a n d 

Exper imenta l Phys ics ( ITEP) in M o s c o w never forgot his s t ruggle wi th 

the Sw iss c u s t o m s abou t his "d ip lomat ic " luggage, and sure ly all the 

c o n f e r e n c e par t ic ipants will r e m e m b e r the Russ ian par ty at Hote l 

Met ropo l of 18 J u n e ( the d a y th is au thor j o i ned C E R N ) . 

F i r s t o p e r a t i o n 

Early in 1957 staff a n d labora tor ies m o v e d to the n e w bu i ld ings at 

the Meyr in s i te. A s f r om J a n u a r y , w i th par ts of the roof still m iss ing , 

t he S o u t h a n d Nor th Hal ls w e r e f i t ted ou t for t w o y e a r s of test ing, 

assemb ly , re-testing and s torage of the accelerator c o m p o n e n t s pro­

d u c e d by indust ry in v a r i o u s m e m b e r s ta tes . O n 3 Feb rua ry 1959 

the first of 100 m a g n e t uni ts w a s insta l led in the PS tunne l a n d the 

a s s e m b l y of the s y n c h r o t r o n w a s f in ished by the end of Ju l y 1959 

( s e e p l 5 ) . T h e in jector - t he 50 M e V l inear acce le ra to r - p r o d u c e d 

b e a m at t he e n d of A u g u s t , a n d b e a m c i rcu la t ing in t he PS w a s 

ob ta i ned on 16 S e p t e m b e r , bu t all acce le ra t ion tes ts resu l ted in 

errat ic b e a m b e h a v i o u r for seve ra l w e e k s . 

O n 2 4 N o v e m b e r , a m e m o r a b l e da te i n d e e d , W o l f g a n g Schne l l 
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Oscilloscope traces indicating that the PS had accelerated 
protons to an energy of 25 GeV. The top trace corresponds to 
the beam circulating without energy loss, the middle trace 
shows the magnet voltage, and the bottom trace gives a signal 
at the end of the acceleration cycle, when the beam is lost. 

instal led n e w " p h a s e lock" e lec t ron ics in the beam-con t ro l s y s t e m , 
wi th the g rudg ing c o n s e n t of S c h m e l z e r , t he RF g roup leader . ( T h e 
original Nesca fe tin con ta in ing the essent ia l c ircuits is still ava i lab le 
in his of f ice.) W h e n b e a m tes ts w e r e r e s u m e d , the b e a m w a s acce l ­
era ted at o n c e , and e v e n w e n t t h rough t ransi t ion ene rgy w i thou t dif­
f icul ty; mo reove r , the t e a m p resen t ( s e e pho to , a b o v e r ight) hard ly 
be l i eved the i r e y e s as t h e y w a t c h e d acce le ra t i on c o n t i n u e r ight 
t h rough to 24 G e V . Final ly on 8 D e c e m b e r , af ter t h e y cor rec ted for 
m a g n e t sa tu ra t ion , the peak e n e r g y of 28 .3 G e V w a s a t ta ined . 

T h e PS thus b e c a m e the h ighes t e n e r g y acce le ra to r in the wor ld 
for s e v e n or e ight m o n t h s . T h e n its s is ter m a c h i n e , the A l te rnat ing 
Grad ien t S y n c h r o t r o n ( A G S ) at B r o o k h a v e n , w a s ready , w h i c h w a s 
s o m e w h a t larger and hence of h igher energy capabi l i ty. Howeve r , for 
t he PS at C E R N th is w a s on l y t he b e g i n n i n g of an ex t r ao rd i na ry 
" c a r e e r " of i m p r o v e m e n t s a n d mod i f i ca t i ons , s u c h t ha t it has 
r ema ined for 50 y e a r s the cent ra l m e m b e r - the real hear t - of the 
ever - inc reas ing s y s t e m of acce le ra to rs tha t has m a d e C E R N s u c h a 
un ique labora tory w o r l d w i d e . 

I m p r o v e m e n t s a n d n e w f u n c t i o n s 
Whi le the m a c h i n e w a s be ing carefu l ly c o a c h e d into rout ine oper­
at ion and del ivered first b e a m s f rom internal targets, addi t ional faci l­
ities and a lways h igher intensi t ies w e r e a l ready reques ted . A " fast" 
(short-pulse) eject ion sys tem w a s deve loped for neutr ino exper iments 
in the Sou th Hall ( s o o n to be re located to a ded ica ted a rea ) . A l so , to 
keep up wi th the s t e e p i nc rease in t he n u m b e r of use rs , ano the r 
exper imenta l a rea , the East Hal l , w a s built, for wh i ch a " s l o w " (ve ry 
long pu lse) e ject ion s y s t e m w a s n e e d e d for exper imen ts on ve ry rare 
or short- l ived part ic les. T h e n , in 1965, w h e n the Intersect ing Storage 
Rings ( ISR) project, des igned to col l ide h igh-energy pro tons f rom the 
P S , w a s author ized as C E R N ' s first ma jor ex tens ion , a s e c o n d fast-
e ject ion s y s t e m a n d a ded i ca ted t rans fe r l ine w e r e i m p l e m e n t e d . 

Later in the 1960s , the cons t ruc t ion of the " B o o s t e r " synch ro t ron 
w a s in i t ia ted to ra ise t he in jec t ion e n e r g y to 1 G e V , a n d h e n c e 
increase the b e a m intensi ty a c c e p t e d by the P S , in r esponse to CON­
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The scene on 24 November 1959 in the RF control room in 
the centre of the PS ring. From left tp right: John Adams, 
Hans Geibel, Hildred Blewett, Lloyd Smith, Chris Schmelzer, 
Wolfgang Schnell and Pierre Germain. 

t i nued reques ts . S i m u l t a n e o u s l y a p r o g r a m m e to rep lace m o s t of 
the f i rs t -generat ion s u b s y s t e m s of the PS w a s l aunched ( s e e box, 
p 2 6 ) . T h e 50 M e V L inac cou ld by t hen no longer p rov ide the neces ­
sary intensi ty nor the rel iabi l i ty, a n d had to be rep laced dur ing the 
m id -1970s by an i m p r o v e d m a c h i n e (L inac 2 ) . 

A l s o , j us t to m a k e su re tha t no tr ick w a s m i s s e d , a work ing g roup 
at the t ime inves t iga ted w h e t h e r d i f ferent m a g n e t s t ruc tures for t he 
PS t u n n e l , s u c h as s e p a r a t e f unc t i on m a g n e t s , m igh t p r o v i d e 
i m p r o v e d capabi l i t ies . T h e resul t w a s u n a m b i g u o u s : the m a c h i n e 
as d e s i g n e d 2 0 y e a r s p rev ious ly w a s the best to sat is fy all requi re­
m e n t s - an exce l len t j o b had b e e n d o n e . 

In t he late 1 9 6 0 s a 3 0 0 G e V S u p e r Pro ton S y n c h r o t r o n ( S P S ) 
b e c a m e s e e n as a necessa ry s tep by E u r o p e a n phys ic is ts , a l though 
f inding a su i tab le site s e e m e d like an imbrogl io of geo techn ica l a n d 
polit ical cons ide ra t i ons imposs ib le to so l ve , until in 1970 the pro­
posa l (da t ing f r om 1 9 6 1 ) w a s resusc i ta ted to bui ld the m a c h i n e 
unde r land ad jacen t to the or iginal C E R N si te. Af ter d u e d i scuss ion 
the p roposa l w a s fo rmal ly submi t t ed to Counc i l in D e c e m b e r 1970 , 
a n d a spec ia l s e s s i o n a p p r o v e d it in F e b r u a r y 1 9 7 1 , not leas t 
b e c a u s e the use of the PS as in jector ( a n d of o ther ex is t ing infra­
s t ruc tu re ) e m e r g e d qu i te na tura l ly as an add i t iona l benef i t . N e w 
beam-e jec t ion a n d t rans fe r m o d e s , a ded i ca ted acce le ra t ion s y s ­
t e m and de l ica te b e a m - m a t c h i n g p r o c e d u r e s had to be d e v e l o p e d 
for t he PS in para l le l w i th t he i m p r o v e m e n t p r o g r a m m e ou t l i ned 
a b o v e . C o m p u t e r con t ro l t h e n b e c a m e a n e c e s s i t y , a n d re f ined 
opera t ion p r o c e d u r e s w e r e c o n c e i v e d so tha t the ISR a n d the S P S , 
as wel l as the s e c o n d a r y b e a m s , cou ld run s imu l taneous l y . 

T h u s t o w a r d s the e n d of t he 1970s the intensi ty per cyc le had 
b e e n i nc reased f r om a b o u t 1 0 1 0 to m o r e t h a n 1 0 1 3 p ro tons , t he 
cyc le t ime had b e e n s h o r t e n e d by a fac tor of th ree a n d m a c h i n e 
avai labi l i ty had r e a c h e d m o r e t h a n 9 5 % of s c h e d u l e d t ime . Oper ­
ated and ma in ta ined by a s u p e r b t e a m of compe ten t and ded ica ted 
staff w h o w e r e en thus ias t i c abou t t he intr icate s y s t e m of acce le ra ­
tors a n d b e a m l ines unde r thei r responsib i l i ty , the PS c lear ly w a s fit 
for e v e n m o r e d e m a n d i n g y e a r s a h e a d . 0 
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All t hese p r o g r a m m e s w e r e not qui te f in ished w h e n Car lo Rubb ia , 
in 1976 , b rough t f o rward the p roposa l for p r o t o n - a n t i p r o t o n 
exper iments , wh ich impl ied new cha l lenges again for the PS . For anti-
proton product ion a 26 G e V proton b e a m of the h ighest intensity and 
dens i ty had to be p rov ided , wi th all the b e a m concen t ra ted in one-
quar ter of the PS c i rcumference . Fur thermore , the ant ipro tons f rom 
the ant ipro ton accumu la to r w e r e to be b rought back to the PS for 
accelerat ion and t ransfer to the S P S . 

T h e PS thus b e c a m e a central e lemen t of the exper iments in wh ich 
the W a n d Z bosons we re d i scovered , br inging the first Nobe l prizes to 
C E R N staff, with the awards in 1984 to Car lo Rubbia and S i m o n v a n 
der Meer (CERN Courier May 2003 p26) . A lso in the 1980s the PS be­
c a m e an ant iproton decelerator supp ly ing the Low Energy Ant iproton 
Ring ( L E A R ) . It still provides the high-intensity pr imary proton b e a m for 
L E A R ' s successo r , the Ant ip ro ton Dece le ra to r ( A D ) , w h e r e del icate 
exper iments cont inuing the tradit ion of LEAR are running today . 

A u n i v e r s a l a c c e l e r a t o r 
For s o m e t ime , ideas for a p r o g r a m m e of research wi th h e a v y ions 
had b e e n l oom ing in the p h y s i c s c o m m u n i t y . Ear ly in t h e 1970s 
tes ts w i th d e u t e r o n s a n d a l p h a par t i c les w e r e run in t h e " o l d " 
L inac 1, w h i c h w a s d e d i c a t e d to ions af ter t h e c o n s t r u c t i o n of 
L inac 2. E q u i p p e d wi th a n e w f ront e n d , L inac 1 p rov ided b e a m s of 
o x y g e n and su lphu r ions for acce le ra t ion in the P S , so tha t by the 
m id -1980s expe r imen ts wi th t h e s e ions cou ld run at S P S energ ies . 

Even tua l l y L inac 1 w a s rep laced by a ded i ca ted heavy - i on L inac 
(L inac 3 ) const ruc ted by a co l laborat ion involv ing C E R N , G A N I L , G S I , 
IAP (F rank fu r t ) , Ind ian inst i tu tes a n d I N F N ( L u g n a n o ) , as wel l as 
f inancia l cont r ibut ions f rom the C z e c h A c a d e m y of S c i e n c e , and the 
S w e d i s h and the S w i s s de lega t ions . S ince 1994 the PS has there­
fore been fit for p rov id ing ions as h e a v y as lead for e x p e r i m e n t s at 
t he S P S a n d , in fu ture , the Large H a d r o n Col l ider ( L H C ) . 

T h e 1980s a n d 1990s w e r e the ma in d e c a d e s for C E R N ' s Large 
E lec t ron Posi t ron col l ider ( L E P ) . Th i s w a s or ig inal ly p l a n n e d to h a v e 
a ded i ca ted in jector s y n c h r o t r o n for e lec t rons a n d pos i t rons , but 
w h e n Counc i l put the b rakes on the budge t , peop le ' s m i n d s tu rned 
o n c e aga in to the P S . 

It t u r n e d ou t t ha t t h e c o m b i n a t i o n of t h e P S a n d t h e S P S , 
e q u i p p e d wi th su i tab le acce le ra t i on s y s t e m s , w o u l d m a k e an a d e ­
q u a t e in jec to r fo r L E P . S p a c e w a s m a d e a v a i l a b l e n e a r t h e PS 
c i r c u m f e r e n c e for t h e e l ec t r on a n d pos i t r on s o u r c e s a n d pre-
acce le ra to r s , to w h i c h t he Labo ra to i r e de l 'Accé lé ra teu r L inéa i re 
( L A L ) at O r s a y m a d e s ign i f i can t con t r i bu t i ons . N e w in f lec to rs , a 
n e w v a c u u m c h a m b e r , w igg le r m a g n e t s a n d a d e d i c a t e d acce le ra ­
t ion s y s t e m for e lec t rons and pos i t rons had to be instal led in the PS 
so that , for a d o z e n y e a r s or s o , it b e c a m e the un iversa l acce le ra to r 
for all s tab le c h a r g e d par t ic les . 

Finally, protons and heavy ions for the LHC will of course c o m e f rom 
the PS ( through the S P S ) . T h e b e a m current will have to be increased 
once more wi th a n e w front end for L inac 2 . T o a c c o m m o d a t e the 
increased current, the t ransfer ene rgy f rom the boos ter to the PS has 
been raised to 1.4 G e V , and both m a c h i n e s n e e d , a m o n g a n u m b e r 
of o ther adapta t ions , to be equ ipped with new acce lera t ion s y s t e m s 
synch ron i zed to the acce lera t ion s y s t e m s of the S P S a n d the LHC. 

For 45 y e a r s th is m a c h i n e has b e e n a d a p t e d success fu l l y to the 

A first round of improvements 
T h e P S i m p r o v e m e n t p r o g r a m m e of t h e late 1960s i n c l u d e d : 
• a n e w m a i n g e n e r a t o r ( la te r r e p l a c e d by a so l id-s ta te s y s t e m ) 
a n d a n e w acce le ra t i on s y s t e m to s h o r t e n t he m a g n e t cyc le ; 
• i m p r o v e d magnet i c - f i e ld co r rec to r s r e d e s i g n e d for i m p r o v e d 
sa tu ra t i on co r rec t i on a n d to l ibera te s t ra igh t -sec t ion s p a c e fo r 
n e w r e q u i r e m e n t s ; 
• a " t rans i t i on j u m p " s y s t e m c o n c e i v e d fo r t h e s m o o t h p a s s a g e 
of t he cr i t ical t rans i t i on e n e r g y a t h igh in tens i t ies ; 
• t he v a c u u m s y s t e m be ing ref i t ted w i t h state-of- the-ar t 
e q u i p m e n t to l owe r the p r e s s u r e ; 
• soph i s t i ca ted con t ro l s , b e a m o b s e r v a t i o n a n d m e a s u r e m e n t 
s y s t e m s i n d i s p e n s a b l e fo r t he s i m u l t a n e o u s ope ra t i on of 
seve ra l b e a m use rs . 

In April 2003, for the first time in 45 years, two magnets and a 
bus-bar connection in the PS were found to be faulty during 
high-voltage tests at the end of the accelerator shutdown. A 
team of mechanics, technicians and engineers worked at full 
speed to replace the faulty magnets, and the accelerators' 
spring start-up was only two weeks late. Here one of the 
replacement magnets is being prepared. 

requ i remen ts of the phys i cs p r o g r a m m e , wh i le both in the m inds of 
p e o p l e a n d in fac t ( i ts bas ic f o c u s i n g s t ruc tu re has r e m a i n e d 
u n t o u c h e d ) , it is still " the P S " . Unde rs tand ing the phys ics of b e a m s 
in a c c e l e r a t o r s , re f ined b e a m o b s e r v a t i o n a n d m e a s u r e m e n t s , 
ingen ious inven t ions , power fu l c o m p u t e r s for b e a m s imu la t ion a n d 
con t ro l s , a s we l l as a f e w d e c a d e s of gene ra l p rog ress in m a n y 
techno log ies ( v a c u u m , e lec t ron ics , RF, high s tab le and fast p o w e r 
s o u r c e s , mater ia ls , e t c ) , a long wi th mo t i va ted staff, w e r e all neces ­
sary ingred ients for th is d e v e l o p m e n t . 

Y o u n g phys ic is ts of t he 21s t cen tu ry , as en thus ias t ic to w o r k at 
C E R N as t h o s e of 50 y e a r s a g o , will su re ly not hesi ta te to t e a c h the 
old lady a f e w n e w tr icks. W h e n o n e day , m a y b e qui te remo te , t he 
PS f inal ly f aces re t i rement , peop le shou ld r e m e m b e r C E R N ' s f o u n d ­
ing fa thers a n d the par t ic ipants in the histor ic Counc i l s e s s i o n in 
O c t o b e r 1952 for the i r c o u r a g e o u s d e c i s i o n , a n d the or ig ina l 
m a c h i n e des igne rs for the i r exce l len t j o b . 

G u n t h e r P l a s s joined CERN in June 1956. Now retired, he was 
most recently director of accelerators from 1990-1993. 
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THE LHC 

The Large Hadron Collider project has had 
to overcome challenges at every stage. 
Lyn Evans focuses on the three phases of 
approval, construction and operation. 
It is genera l ly cons ide red that the start ing point for the Large Hadron 
Col l ider ( L H C ) w a s an E C F A mee t i ng in L a u s a n n e in March 1984 , 
a l though m a n y of us had b e g u n w o r k on the des ign of t he m a c h i n e 
in 1981 . It t ook a v e r y long t ime - 10 y e a r s - f r o m th is s tar t ing 
point for the project to be a p p r o v e d . Dur ing mos t of this t ime Giorgio 
Briant i led the L H C pro jec t s t udy . H o w e v e r , w e s h o u l d not fo rget 
the e n o r m o u s deb t w e o w e to Car lo Rubb ia in the s e c o n d half of 
tha t d e c a d e for ho ld ing t he c o m m u n i t y t oge the r b e h i n d the L H C 
aga ins t all the odds . 

T h e f i rst p ro jec t a p p r o v a l c a m e in D e c e m b e r 1 9 9 4 , a l t hough 
u n d e r s u c h s e v e r e f i nanc ia l cons t ra i n t s tha t w e w e r e ob l i ged to 
m a k e a p roposa l for bui ld ing the m a c h i n e in t w o s tages . Th i s w o u l d 
have been a terr ib le th ing to d o , but at that point w e had no alter­
na t i ve . H o w e v e r , af ter a ma jo r cr is is in 1996 , w h e n C E R N had a 
rather s e v e r e budge t cut, at least the cons t ra in ts on bor row ing w e r e 
re laxed a n d a s ing le-s tage m a c h i n e w a s a p p r o v e d . T h e first oper­
at ion of the LHC is n o w f o r e s e e n for spr ing 2 0 0 7 . It has b e e n a v e r y 
long road i ndeed . 

It is c lear that bui ld ing the L H C is a v e r y cha l leng ing project . It is 
based on 1232 doub le -aper tu re supe rconduc t i ng d ipo le m a g n e t s -
equ iva len t to 2 6 6 4 s ing le d ipo les - w h i c h h a v e to be capab le of 
opera t ing at up to 9 T . W e w e r e do ing R & D on t hese m a g n e t s in par­
allel wi th const ruct ing the m a c h i n e a n d the exper imenta l a reas . Th is 
w a s not jus t a ques t ion of bu i ld ing a i m sca le m o d e l w i th the v e r y 
ski l led peop le here at C E R N , but of be ing ab le to bui ld the m a g n e t s 
by m a s s p roduc t i on , in an industr ia l e n v i r o n m e n t , at an accep tab le 
pr ice. Th i s is s o m e t h i n g w e be l ieve w e h a v e a c h i e v e d . 

T h e m a c h i n e a l so i n c o r p o r a t e s m o r e t h a n 5 0 0 " t w o - i n - o n e " 
s u p e r c o n d u c t i n g q u a d r u p o l e m a g n e t s ope ra t i ng at m o r e t h a n 
2 5 0 T / m . Here , our co l l eagues at S a c l a y h a v e taken on a big role in 
des ign ing and pro to typ ing the q u a d r u p o l e s v e r y success fu l l y . T h e r e 
a re a lso m o r e t h a n 4 0 0 0 s u p e r c o n d u c t i n g co r rec to r m a g n e t s of 
m a n y t y p e s . Moreove r , opera t ing the m a c h i n e will i nvo lve coo l ing 
4 0 0 0 0 t o n n e s of mater ia l to 1.9 K, w h e n he l ium b e c o m e s super -
f lu id . A n add i t i ona l c h a l l e n g e has b e e n to bu i ld t he m a c h i n e in 
an in te rnat iona l co l l abo ra t i on . A l t h o u g h usua l for de tec to r s , th is 
w a s a f irst for the acce le ra to r c o m m u n i t y , a n d it has p r o v e d to be 
an enr i ch ing e x p e r i e n c e . 

T h e p roduc t ion of t he s u p e r c o n d u c t i n g cab le for t he d ipo les has 
dr iven the final schedu le for the L H C , b e c a u s e w e h a v e to supp ly the 
cab le to the m a g n e t manu fac tu re rs . W e cou ld not risk star t ing mag­
net p roduct ion too ear ly w h e n w e w e r e not su re that w e cou ld fo l low 
it wi th cab le p roduc t ion . F igure 1 s h o w s the ramp-up of cab le pro-

Fig. 1. The delivery of the superconducting cable for the LHC 
continues to lie comfortably above the "just-in-time" line. 

A computer-generated image of the Large Hadron Collider. 

d u c t i o n , w h i c h has n o w r e a c h e d t he requ i red p l a t e a u . T h e f inal 
s c h e d u l e for m a c h i n e s tar t -up in sp r ing 2 0 0 7 w a s f ixed o n c e w e 
w e r e c o n f i d e n t of r e a c h i n g th is g o a l . T h i s s c h e d u l e is a l so we l l -
m a t c h e d to the cons t ruc t ion of t he de tec to rs . 

T h e next s tep is the se r ious p roduc t ion of the d ipo les , wi th instal­
lat ion in the tunne l s tar t ing in J a n u a r y 2 0 0 4 and f in ish ing in s u m ­
m e r / a u t u m n 2 0 0 6 . T h e "co l la red co i ls " - m o r e than half t he w o r k 
on the d ipo les - are n o w be ing m a d e at the rate w e n e e d . T h e s e are 
assemb led into the cold m a s s e s , wh ich are del ivered to C E R N w h e r e 
t hey are insta l led in the i r c ryos ta ts , tes ted and s to red . More t h a n 
100 d ipo le co ld m a s s e s are n o w at C E R N , a n d w e are con f i den t 
that w e will be v e r y c lose to the f inal da te for insta l lat ion. 

At the s a m e t ime the infrastructure of the tunnel is be ing prepared 
for the instal lat ion of the supe rconduc t i ng magne ts . Sector 7-8, the 
first sec to r to be i n s t r u m e n t e d , n o w has its p ip ing and cab l ing 
installed. T h e next s tep is the installation of the cryol ine, to provide the 
l iquid-hel ium refr igerat ion. W e are n o w looking forward to as s m o o t h 
a passage as possib le f rom instal lat ion into commiss ion ing . D> 
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T h e L H C is a v e r y c o m p l i c a t e d m a c h i n e , a n d its ope ra t i on pre­
s e n t s m a n y c h a l l e n g e s . T h e m o s t f u n d a m e n t a l c o n c e r n is t he 
b e a m - b e a m in terac t ion a n d co l l ima t i on . In d e s i g n i n g a par t ic le 
acce lera tor , w e try to m a k e su re that the m a g n e t s h a v e as little non -
l inearity as poss ib le : that is, t h e y h a v e pure d ipo le a n d quad rupo le 
f ie lds. W e then in t roduce cont ro l led non- l inear i t ies - sex tupo les to 
contro l ch romat i c aber ra t ions a n d oc tupo les to g ive b e a m stabi l i ty 
( L a n d a u d a m p i n g ) . W e w a n t s m o o t h , d is t r ibuted non-l inear i ty, n o t a 
" l u m p e d " l inearity at one point in the ring. S o w e take a great deal of 
ca re , but t hen w e are s tuck wi th w h a t w e abso lu te ly do not w a n t -
the b e a m - b e a m interact ion itself. W h e n the b e a m s are brought into 
col l is ion, a part icle in o n e b e a m s e e s the C o u l o m b f ield of the o ther 
b e a m , w h i c h is s t rong ly non- l inear a n d is l u m p e d - in e v e r y revo lu­
t ion the particle sees the b e a m - b e a m interact ion at the s a m e place. 
Th i s p roduces ve ry impor tan t e f fects , w h i c h I shal l desc r ibe . 

First, h o w e v e r , I shou ld men t i on tha t the conve rs i on of the S u p e r 
Pro ton Synch ro t r on ( S P S ) into a p r o t o n - a n t i p r o t o n col l ider w a s a 
vi tal s tep in unde rs tand ing th is p h e n o m e n o n . I n d e e d , it is not g e n ­
eral ly k n o w n w h a t a s tep into the u n k n o w n w e t ook w i th the co l ­
lider. In th is m a c h i n e the s t rength of t he b e a m - b e a m in terac t ion, 
w h i c h w e call the b e a m - b e a m " tune shi f t" , w a s v e r y large, m u c h 
larger t h a n at the In tersect ing S to rage R ings ( I S R ) . T h e col l ider w a s 
to opera te in a d o m a i n w h e r e on ly e l e c t r o n - p o s i t r o n m a c h i n e s had 
w o r k e d , a n d t h e s e m a c h i n e s h a v e t h e e n o r m o u s a d v a n t a g e of 
s t r ong s y n c h r o t r o n - r a d i a t i o n d a m p i n g : par t i c les tha t go t h r o u g h 
large amp l i t udes are " d a m p e d " into the core of the b e a m aga in . S o 
w e w e r e go ing to ope ra te a m a c h i n e wi th no d a m p i n g a n d a s t rong 
b e a m - b e a m ef fect . ( I n d e e d , t es t s at S P E A R at l ower a n d lower 
energ ies wi th r educed d a m p i n g s h o w e d ca tas t roph ic ef fects , wh i ch 
w h e n ex t r apo la ted i nd i ca ted tha t t h e p r o t o n - a n t i p r o t o n co l l ider 
cou ld neve r w o r k ! ) 

Figure 2 s h o w s the ef fects in a s imu la t ion of the t r ansve rse phase 
s p a c e ( the p o s i t i o n - v e l o c i t y s p a c e ) of a par t ic le in a per fec t 
m a c h i n e , apar t f rom the b e a m - b e a m in terac t ion . B e c a u s e of the 
s t rong nonl inear i ty of the b e a m - b e a m in terac t ion , part ic le mot ion 
can b e c o m e chaot ic a n d uns tab le at large amp l i t ude . T h i s w a s a 
real wo r r y at the p r o t o n - a n t i p r o t o n col l ider, w h i c h p roved to be an 
abso lu te l y essen t ia l p ro to t ype for de f in ing the p a r a m e t e r s of t he 
L H C . W e h a v e des i gned the L H C to bea t th is ef fect by si t t ing in a 
v e r y sma l l co rner of " t une s p a c e " wi th v e r y p rec ise cont ro l in o rder 

Fig. 2 (left). Simulation 
showing the chaotic 
effect of the beam-
beam interaction on the 
position-velocity space 
of a particle in one of 
the beams. 
Fig. 3 (right). At less 
than 1% of nominal 
intensity the collimation 
system enters new 
territory. The collimators 
must survive under very 
punishing conditions. 

to s t a y a w a y f r o m h igh -o rde r r e s o n a n c e s , a l t h o u g h t he b e a m -
b e a m interact ion wil l a l w a y s be a f u n d a m e n t a l limit. 

A s e c o n d m a j o r c h a l l e n g e of o p e r a t i n g t he L H C c o n c e r n s co l ­
l imat ion, w h i c h is n e e d e d to r e m o v e ha lo part ic les f rom the b e a m s 
to avo id their t ouch ing the supe rconduc t i ng magne ts , and to control 
the b a c k g r o u n d in the de tec to rs . W e a lso need co l l imat ion to pro­
tect aga ins t faul t cond i t ions - the s to red ene rgy in the nomina l L H C 
b e a m is equ i va len t to 60 kg of T N T ! If the re is a faul t the b e a m will 
be k icked out, a n d for that the re is a 3 ms hole in the b u n c h spac ing 
to a l low the f ield in the k icker m a g n e t s to r ise. If there is a misf i r ing 
par t ic les wil l be lost as t he k ickers r ise, a n d the co l l ima to rs c a n 
melt , so t hey h a v e to be v e r y carefu l ly d e s i g n e d . 

A l ready , at less than 1% of its nomina l intensity, the LHC will enter 
new terr i tory in t e r m s of s to red ene rgy . It is t w o orders of magn i t ude 
more in s to red b e a m ene rgy , but t he b e a m - e n e r g y dens i ty is th ree 
orders of magn i tude h igher ( f igure 3 ) b e c a u s e as the b e a m is acce l ­
e ra ted it b e c o m e s v e r y sma l l . T o c o p e wi th th is w e h a v e des i gned a 
ve ry soph is t i ca ted co l l imat ion s y s t e m . At in ject ion the b e a m will be 
big, so w e wil l o p e n up t h e co l l ima to rs to an ape r tu re of a b o u t 
12 m m , wh i le in phys i cs cond i t i ons the aper tu re of the b e a m wil l 
be 3 m m - t he s ize of t he Iber ian P e n i n s u l a on a € 1 c o i n . T h e 
b e a m will be phys ica l l y c lose to the co l l imator mater ia l and the co l ­
l imators t h e m s e l v e s are up to 1.2 m long. 

W e are n o w on the f inal s t re tch of th is ve ry long project. A l t hough 
there are three-and-a-hal f yea rs to go , t hey will be ve ry exci t ing y e a r s 
as w e install the m a c h i n e a n d the de tec to rs . It is go ing to be a big 
cha l lenge both to reach the des ign luminos i ty and for the de tec to rs 
to swa l low it. Howeve r , w e have a c o m p e t e n t and exper ienced t e a m , 
a n d w e h a v e put into t he des ign 3 0 y e a r s of a c c u m u l a t e d know­
ledge f rom p rev ious pro jec ts at C E R N , t h rough the ISR a n d p r o t o n -
ant ip ro ton col l ider. W e are n o w look ing fo rward to the cha l l enge of 
c o m m i s s i o n i n g the L H C . It will be the re in spr ing 2 0 0 7 . 
• Th i s art ic le is b a s e d o n a talk g i ven at t he s y m p o s i u m he ld at 
C E R N in S e p t e m b e r 2 0 0 3 , " 1 9 7 3 : neut ra l cu r ren ts , 1983 : W * 
a n d Z° b o s o n s . T h e a n n i v e r s a r y of C E R N ' s d i scove r i es a n d a look 
into the f u tu re . " T h e full p r o c e e d i n g s wil l be pub l i shed as 
v o l u m e 3 4 i ssue 1 of The European Physical Journal C. 
H a r d b a c k ISBN 3 5 4 0 2 0 7 5 0 3 . 

L y n E v a n s , LHC project leader, CERN. 
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THE LHC 

LHC DIPOLE PRODUCT 
By early December 2003 CERN had 
taken delivery of 154 superconducting 
dipole magnets - enough for the first 
octant of the LHC. This indicates 
that industrial production is now 
both on course and in full swing, 
as Lucio Rossi describes. 

S i n c e a u t u m n 2 0 0 3 peop le t rave l l ing b e t w e e n C E R N ' s t w o ma in 
s i tes in France a n d Swi tze r land h a v e b e g u n to not ice a n u m b e r of 
s t r a n g e traff ic j a m s , w h i c h are i nc reas ing l y tes t ing t he n e r v e s of 
impat ien t dr ivers . Lorr ies 16 m long wi th spec ia l c rad les to t rans­
port 3 0 t o n n e s of e q u i p m e n t are n o w rout ine ly en ter ing Point 18 
to un load the i r p rec ious c a r g o : t he ma in s u p e r c o n d u c t i n g d ipo le 
m a g n e t s tha t will even tua l l y fill m o r e t h a n 2 0 km o f t h e 2 7 k m ring 
of the Large H a d r o n Col l ider ( L H C ) , a n d w h i c h will ope ra te at f ie lds 
in the range 8 - 9 T at 1.9 K. Fo l low ing an R & D p h a s e of m o r e than 
10 y e a r s , t he r a m p i n g up of d ipo le p r o d u c t i o n , w h i c h w a s long 
awa i ted by m a n y a n d neve r e v e n be l ieved poss ib le by the scep t i cs , 
has def in i te ly b e g u n wi th a pace tha t is n o w m o r e t han o n e m a g n e t 
per wo rk ing day . T h e last w e e k of O c t o b e r 2 0 0 3 s c o r e d the record 
s o far , w i th e igh t d i po les be ing d e l i v e r e d b e t w e e n t he M o n d a y 
a n d the Fr iday. 

P r o d u c t i o n o v e r v i e w 
T h r e e c o m p a n i e s are c h a r g e d w i th t he cons t ruc t i on of t he L H C ' s 
s u p e r c o n d u c t i n g d ipo les : t he F r e n c h c o n s o r t i u m A l s t o m M S A -
J e u m o n t , the Ital ian f i rm A n s a l d o Supe rcondu t to r i a n d the G e r m a n 
c o m p a n y B a b c o c k Noel l Nuc lear . E a c h has been e n g a g e d to pro­
v i de C E R N wi th one-th i rd of the ma in d ipo le "co ld m a s s e s " ( f igure 
1) . C E R N is prov id ing all the ma in c o m p o n e n t s , s o m e of the ma in 
cons t ruc t ion too ls a n d test ing ins t rumen ts , a n d the n e c e s s a r y eng i ­
neer ing a n d techn ica l s u p p o r t to m a k e su re that the w o r k d o n e in 
indust ry comp l i es wi th the t ight techn ica l spec i f i ca t ions . 

T h e p r o c e s s of m a g n e t m a n u f a c t u r i n g c a n be spl i t into t w o ma in 
act iv i t ies: t he p roduc t i on of t he co l la red coi ls a n d the c o l d - m a s s 
a s s e m b l y . T h e co l l a red co i ls cons i s t of e igh t coi l l aye rs tha t a re 
w o u n d wi th NbTi s u p e r c o n d u c t o r - t he hear t of t he L H C - t oge the r 
w i th t he co l l a rs t ha t c o n t a i n m o s t o f t h e m a g n e t i c f o r c e s , t he 
co ld-bore t ubes w h e r e b e a m c i rcu la tes a n d the heaters that protect 
t he coi l af ter a q u e n c h ( the i r revers ib le t rans i t ion tha t b r ings the 
c o n d u c t o r to a res is t ive , no rma l l y c o n d u c t i n g s t a t e ) . O n c e a s s e m -

Fig. 1. Artistic sketch of the LHC dipole cold mass. All the 
components indicated in the picture are provided by CERN. 

b led , t he coi ls are sub jec t to m a g n e t i c m e a s u r e m e n t s a n d st r in­
gen t e lect r ica l c h e c k s . 

T h e magne t i c circuit is c o m p l e t e d by a s s e m b l i n g the f lux return 
iron y o k e a r o u n d the co l la red coi ls a n d enc los ing every th ing in the 
outer shr ink ing cy l inder , w h i c h a lso s e r v e s as a super f lu id he l ium 
v e s s e l . Ope ra t i ons are t hen pe r f o rmed on the m a g n e t ex t remi t ies , 
inc lud ing the electr ical c o n n e c t i o n s , t he a s s e m b l y of the cor rec tor 
magne ts , the insert ion of the heat exchange r t ubes that r emove heat 
f rom the super f lu id he l ium ba th , t he we ld ing of the end cove rs tha t 
const i tu te the he l i um enc losu re in the longi tud inal d i rec t ion , a n d 
m a n y o ther we ld i ng a n d f inal izat ion ope ra t i ons . Final ly, e lectr ical 
tes ts , m a g n e t i c a n d cu rva tu re m e a s u r e m e n t s , a n d leak tes ts are 
m a n d a t o r y be fore the m a g n e t can be d i spa t ched to C E R N . 

O n e of the p r o b l e m s wi th the industr ia l izat ion of the L H C d ipo le 
cons t ruc t ion is the long lead t ime b e t w e e n the dec is ion to imple­
men t a c h a n g e a n d its va l ida t ion in a co ld test . Th i s w a s more t han 
t w o y e a r s dur ing the p ro to type p h a s e a n d m o r e t han o n e y e a r in 
the so-ca l led "p rese r i es " p h a s e . T h e last ma jo r des ign c h a n g e w a s 
the cho ice of austen i t i c s tee l for t he co l lars , in 1999, but fur ther 
i m p r o v e m e n t s s u c h as the f inal des ign of the end s p a c e r s c a m e as 
late as 2001. S o the s t ra tegy for reach ing a reasonab le pr ice both 
for C E R N a n d the c o m p a n i e s w a s to s ign first con t rac ts in 2000 for 
3 x 30 preser ies d ipo les , w i th a t e n d e r for the ser ies p roduc t ion in 
2001. T h e t e n d e r p rocess e n d e d in spr ing 2002 with the s ign ing of 
th ree con t rac t s for t he s e r i e s p r o d u c t i o n of 3 x 3 8 6 d ipo les . 
T o g e t h e r wi th t he p reser ies m a g n e t s , th is m a k e s a total of 1248 
m a g n e t s , of w h i c h 1232 are des t i ned for t he t unne l , to be del iv­
ered by s u m m e r 2006. By s u m m e r 2001 on ly a f ew m a g n e t s had 
ac tua l l y b e e n bui l t , a n d c o m p a n i e s w e r e not at all c o m f o r t a b l e 
quot ing for the ser ies . H o w e v e r , t h rough a col laborat ive negot ia t ion , 
C E R N and the c o m p a n i e s arr ived at a reasonab le so lu t ion, a l though 
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ION BEGINS TO TAKE OFF 

Fig. 2. (a) The actual and expected learning curves for the manufacture of a complete dipole collared coil at Babcock Noell Nuclear 

in Wùrzburg, Germany. Values are normalized to the final target, (b) Coils waiting for pole assembly at Ansaldo in Genova, Italy. 

Fig. 3. The actual and expected (objective) learning curves for 

the manufacturing of a full pole atJeumont in France (part of 

a consortium with Alstom). The jumps in time are very well 

correlated to the increase in and training of new staff. 

the f igures for the va r ious opera t ions w e r e at the t ime more of an 

educa ted guess than a p roven reality. 

N o w the preser ies product ion is over and all th ree c o m p a n i e s are 

well inside the ser ies contract , so it is interest ing to rev iew where w e 

are in te rms of the industr ia l izat ion of the p rocess . Figure 2a s h o w s 

the t ime needed for one c o m p a n y to comp le te a co l lared coi l , c o m ­

pared with the so-cal led learning curve predic ted at the t ime of the 

tender . On ave rage , the p rocess fo l lows the predict ion remarkab ly 

wel l . Th is is a s ign that the p rocess is wel l under cont ro l , wh ich is of 

pa ramoun t impor tance for two reasons . First the co l lared coil is the 

heart of the magnet . Q u e n c h pe r fo rmance and field qual i ty d e p e n d 

main ly on this part of the assemb ly . Th is point is m a d e even more 

impor tant by the t ime lag b e t w e e n col lared-coi l cons t ruc t ion and 

the cold test (wh ich is on ave rage 10 mon ths at p resen t ) . S e c o n d 

Fig. 4. Actual and expected learning curves for the manufacture 

of the cold-mass assembly (from collared coil to delivery) at 

Babcock Noell Nuclear in Zeitz, near Leipzig, Germany. 

the col lared coi ls represent abou t 60% of the assemb ly cos t and 

more than 70% of the total va lue of a d ipole (ma in ly b e c a u s e of 

the supe rconduc t i ng cab le cos t ) . 

T h e g o o d p e r f o r m a n c e s h o w n in f igure 2 a , and the impress ive 

s tock of coi ls now at the supp l ie rs ( see f igure 2 b ) , is the fruit of a 

long R & D p rocess in wh i ch the co l lared coi ls we re a lways m a n u ­

fac tured by industry. T h e cont inui ty of the work on this part of the 

magne t s y s t e m m a d e this qu ick ramp ing up of p roduct ion poss i ­

ble, whi le main ta in ing good qual i ty - a marr iage that is not at all 

au tomat ic . T h e effect of t ra in ing new peop le for the inc reased pro­

duct ion is quick ly a b s o r b e d , as s h o w n in f igure 3, w h e r e the con ­

struct ion t ime of one pole for one manufac tu re r is ind icated. Coil 

qual i ty s h o w s s o m e cor re la t ion wi th the recru i tment of new staff 

and wi th the int roduct ion of new tool ing. t > 
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Welding and curving the half shells 
T h e we ld ing p rocedure for the L H C d ipo les 
c o m b i n e s the S T T p rocess (Su r face 
T e n s i o n T rans fe r , inven ted by L inco ln 
Elect r ic) for t he root pass a n d t he pu lsed-
M I G (me ta l inert g a s ) p rocess fo r the th ree 
f i l l ing passes . S T T is an a d v a n c e d G M A W 
(gas meta l arc w e l d i n g ) p rocess a d a p t e d 
for mak ing root passes in p ipes and shee t 
we ld ing . For the L H C d ipo le she l ls it a l lows 
a high-qual i ty w e l d to be m a d e at the root 
s ide w i th a s imp le c h a m b e r a n d 
reasonab le to le rances on the we ld i ng g a p , 
w i thou t hav ing to use a back ing str ip to 
suppor t the w e l d pudd le . T h e p rocess is 
based on fas t e lec t ron ic cont ro l of t he a rc 
cur rent to ach ieve the i ns tan taneous 
requ i remen ts of the arc dur ing the 
ent i re p rocess . Th i s is poss ib le t h a n k s to 
t he use of a n e w genera t ion of inverter-
based p o w e r sou rces . 

T h e we ld ing press is equ ipped wi th a 
soph is t ica ted control s ys tem that m e a s u r e s 

One cold mass during welding, with 
another waiting behind the press, at 
Alstom in Belfort, France. The two 
welders controlling the welding 
remotely can be seen on the left. 

the we ld ing g a p of the assemb ly w i th a 
laser sensor , ca lcu lates o p t i m u m we ld ing 
pa ramete rs as a funct ion of the m e a s u r e d 
g a p and prov ides the necessary input to the 
we ld ing genera to rs . In this w a y , the we ld ing 
pa ramete rs are opt imized automat ica l ly by 

The time needed fora longitudinal weld 
of a dipole (time under press) and the 
total time, including repairs, atAlstom, 
normalized tothe target for the series. 

t he s y s t e m to guaran tee the h ighest qual i ty. 
W e l d i n g the co ld -mass shel ls under 
const ra in t in the press a l lows the magne ts 
to be cu rved accord ing to the reques ted 
sagi t ta ( the d i f ference f r om a stra ight l ine 
be tween the ends and the cen t re ) . 

W e l d i n g a n d c u r v a t u r e 
Figure 4 s h o w s the graph c o m p a r a b l e to f igure 2a but for co ld -mass 
assemb ly . Here the si tuat ion is not as a d v a n c e d as for the col lared 
coi ls, a l though the target has a lmos t been reached . T h e co ld -mass 
a s s e m b l y w a s in fact under taken at C E R N in the Magne t A s s e m b l y 
Facility (bui ld ing 181) until t he end of 2 0 0 1 , and w a s t ransferred to 
industry on ly in 2 0 0 2 . Need less to say , t ransferr ing the appropr ia te 
techno logy took more t ime and effort than p lanned , with two points in 
par t icu lar imped ing a s m o o t h p rog ress ion to the manu fac tu r i ng 
process. T h e first conce rned the longitudinal we ld ing of the half shel ls 
a round the yoke ( see f igure 1) . Th i s we ld ing is d o n e under a large 
press w h e r e the magne t is bent and so cu rves sl ightly d o w n w a r d s , 
i.e. it is rotated by 90° wi th respect to the final posi t ion in the tunne l . 
S e c o n d l y , the ext remi t ies of the m a g n e t s are ve ry d e m a n d i n g and 
must be accurate ly posi t ioned to al low fast and safe in terconnect ions 
to be m a d e by an a u t o m a t e d p rocedure in the tunne l . Th i s m e a n s 
that the curvature of the m a g n e t has to s tay wi th in t ight to le rances . 

T h e longitudinal weld ing of the 10 m m thick half shel ls is carried out 
in four passes , the first being d o n e with Sur face Tens ion Transfer (STT) 
t echno logy ( see "We ld ing and curv ing the half she l ls " box, a b o v e ) . 
Th is rather new process invented by Lincoln Electric is a wor ld first for 
this type of weld ing. Whi le the process w a s se lected using a prototype 
mach ine in the Magnet A s s e m b l y Facility at C E R N , it could only be set 
up on the actual p resses in 2 0 0 2 . A C E R N task- force w o r k e d inten­
s ive ly on th is p rob lem wi th t he d ipo le manu fac tu re r s a n d we ld ing 
exper ts , and now the t ime for longi tudinal we ld ing has been signif i­
cant ly r educed . O n e c o m p a n y has s h o w n itself to be capab le of rou­
t inely we ld ing 4.5 magne ts a w e e k ; to remain within the L H C del ivery 
plan the required week l y peak rate is three to four. Th is p rogress has 

also been m a d e poss ib le by the i m p r o v e m e n t in we ld ing qual i ty: the 
n u m b e r of we ld ing repairs w e n t d o w n by an order of magn i tude after 
M a y 2 0 0 3 . W h i l e i m p r o v e m e n t s still r ema in to be m a d e in s o m e 
areas , w e th ink that the solut ion adop ted is f inally pay ing off. 

T h e c u r v a t u r e of t he m a g n e t s h a s an impo r tan t e f fect on t h e 
qua l i ty of t he b e a m d e f l e c t i o n , d u e to t he sma l l ape r t u re of t he 
m a g n e t s . T h e s ize of the coil bo res of 56 m m is m u c h less t han in 
any o ther project . Fu r t he rmo re , w e n e e d to posi t ion the cor rec to r 
m a g n e t s a t t ached to the m a g n e t e n d s wi th in a v e r y t ight t o le rance 
of ±0 .3 m m . H o w e v e r , a s tudy carr ied out on m a g n e t a l ignment has 
sl ight ly rev ised the end t o l e rances a n d es tab l i shed that a b o u t o n e -
third of t he m a g n e t s c a n h a v e a to le rance in the b o d y larger t han 
w a s f irst t h o u g h t . S o t h e on l y o p e n p r o b l e m left is t he a c c u r a t e 
contro l of the posi t ion of the cor rec to rs , an issue for w h i c h seve ra l 
d i f ferent so lu t ions are u n d e r inves t iga t ion . 

T h e m e a s u r e m e n t of the g e o m e t r y ins ide the 16 m long, 53 m m 
d iamete r co ld-bore t ubes has invo lved a spec ia l laser t racker deve l ­
oped by Leica in Swi tzer land , wi th the use at C E R N contr ibut ing to its 
"debugg ing " . Both t u b e s are m e a s u r e d on e a c h s ide four t imes dur­
ing the cons t ruc t i on of t he m a g n e t . A t the t ime of t he t e n d e r t he 
dura t ion of th is opera t ion had a large marg in of uncer ta in ty a n d ini­
t ial ly t he long t ime n e e d e d w a s an a rea of c o n c e r n , both for t he 
poss ib le extra cos t a n d t im ing of the project . T o d a y the s i tuat ion is 
m u c h bet ter a n d is s tead i l y improv ing t o w a r d s the ob jec t ive . 

Q u a l i t y c o n t r o l a n d d e l i v e r y 
T h e L H C d ipo les are built fo l lowing a strict qual i ty-control based on 
an inspect ion and test p lan con ta in ing 25 contro l points. In par t icu­
lar the magne t i c m e a s u r e m e n t s se r ve t w o dif ferent func t ions , wi th 
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Fig. 5. in room-temperature measurements of the magnetic field of more than 220 magnets at the main dipole 
manufacturers, three cases of bad assembly procedures have been found and cured (by November 2003): a missing shim of 
0.8 mm thickness (left), a coil presenting some turns not glued to the inner layer, leading to cable displacements of 1mm 
(centre), and a double coil-protection sheet of 0.5 mm thickness (right). 

2003, where the collared-coil production is shown with the "just-in- Fig. 7. The stock of finished and almost finished cold masses 
time curve" of the installation plan, as defined in September 2002. at the Babcock Noell Nuclear workshop in Zeitz. 

s e p a r a t e t h resho lds a n d moda l i t y of i n te rven t ion . First t he magne t i c 
tes ts m u s t s tee r the p roduc t i on of t he m a g n e t s s o tha t t he bend ing 
s t rength and ha rmon ics of the magne t i c f ield rema in inside the tough 
contro l l imits i m p o s e d by the b e a m d y n a m i c s . T h e 10 m o n t h de lay 
b e t w e e n c o n s t r u c t i o n of a co l l a red coi l a n d t h e l o w - t e m p e r a t u r e 
test ing of the cold m a s s m e a n s that m e a s u r e m e n t s m u s t be m a d e at 
a m b i e n t t e m p e r a t u r e in i ndus t r y . T h i s r equ i red f ine t u n i n g of t h e 
co l la red-co i l c r oss - sec t i on d u r i n g p r o d u c t i o n , w i th t w o d i f fe rent 
in te rvent ions , to op t im ize t he f ield h a r m o n i c s . 

T h e magne t i c tes ts m u s t a lso in tercept a s s e m b l y or c o m p o n e n t 
faul ts. Wh i l e the w a r m tests c a n n o t reveal all the faul ts - for examp le 
defici ts in the critical cur rent of the supe rconduc t i ng cab le - so far 
th ree m a g n e t s h a v e been d i s a s s e m b l e d b a s e d on f ield ana lys is a n d 
the pred ic ted de fec t f o u n d ( f igure 5 ) . T h e m o n e t a r y v a l u e s a v e d is 
a l ready more than the w h o l e i nves tmen t in the w a r m magne t i c m e a ­
su remen ts f o r t h e product ion so far. For this reason the magnet ic m e a ­
s u r e m e n t s of the co l lared coi ls is a ho ld ing point, i.e. manu fac tu re rs 
can p roceed wi th a s s e m b l y on ly u p o n C E R N ' s expl ici t app rova l . 

T h e p e r f o r m a n c e in t e r m s of t he m a x i m u m f ield r e a c h e d w i thou t a 
q u e n c h is g o o d . M o r e t h a n hal f t he m a g n e t s pe r f o rm bet ter t h a n 
requ i red , i.e. t hey are su i tab le for opera t ion e v e n at 9 T w i thou t n e e d ­
ing sys tema t i c " re- t ra in ing" in the t u n n e l . T h e o ther m a g n e t s do not 
h a v e a n y p r o b l e m s in r e a c h i n g t he n o m i n a l f ie ld of 8 . 3 T w i t hou t 
q u e n c h i n g , a n d on ly six m a g n e t s ou t of t he 85 tes ted s o far h a v e 

lower p e r f o r m a n c e ( i .e . t h e y m a y requi re t ra in ing to reach nomina l 
f ie ld) . T h i s is a m e r e 8%, w h i c h w e h o p e to br ing d o w n to the ta rget 
of 2 % in the se r ies p roduc t i on . 

T h e de l i ve ry p lan for t h e L H C d i p o l e s d e p e n d s cr i t ical ly o n t h e 
t ime ly de l i ve ry of t he C E R N - s u p p l i e d c o m p o n e n t s , beg inn ing w i th 
the 1200 t o n n e s of s u p e r c o n d u c t i n g cab le at the hear t of t he acce l ­
e ra tor . F igu re 6 c o m p a r e s t h e d e l i v e r y a c c o r d i n g to t h e c o n t r a c t 
( M a r c h 2 0 0 2 ) w i th t h e ac tua l resu l ts fo r a p p r o v e d co l l a red co i ls 
a n d c o l d - m a s s de l i ve ry . Mee t i ng t he s c h e d u l e is cer ta in ly a v e r y dif­
f icul t task , w h i c h c a n be j e o p a r d i z e d by m a n y fac to rs (f irst c a b l e s , 
and a lso col lars, laminat ions a n d half shel ls are on the critical pa th ) . 
H o w e v e r , t he c h a n g e s in de l i ve ry s l o p e last sp r ing for co l la red coi ls 
a n d af ter s u m m e r for co ld m a s s e s , s h o w tha t m a g n e t s a re real ly 
ar r iv ing at C E R N , w i th t h e f irst oc tan t h a v i n g b e e n de l i ve red by 3 
D e c e m b e r 2 0 0 3 . F igure 7 s h o w s the s tock of co ld m a s s e s tha t a re 
a l m o s t r e a d y at o n e of t h e m a n u f a c t u r e r s , b l ocked on ly by a t e m ­
pora ry bo t t le -neck in t ranspor t . W e h a d all bet ter be p r e p a r e d ! 

F u r t h e r r e a d i n g 
T h e p rog ress o n t he c o m p o n e n t s a n d m a g n e t s of all t y p e s for t he 
L H C c a n be f o u n d on t he " L H C d a s h b o a r d " at h t t p : / / l h c - n e w - h o m e -
p a g e . w e b . c e r n . c h / l h c - n e w - h o m e p a g e / D a s h B o a r d / i n d e x . a s p . 

L u c i o R o s s i , Magnets and Superconductors Group leader, CERN. 
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THE LHC 

LHC interconnections: 
searching for reliability 

The reliability of the LHC will depend not only on the superconducting magnets but also 
on the interconnections between magnetic sections, as Blazej Skoczen explains. 

Fig. 1. A schematic of the LHC installed 
in the tunnel, showing one of the 
interconnection zones. 

Fig. 2. The crowded interconnection 
zone in the LHC prototype string. 

Fig. 3. The expansion bellows for the 
beam vacuum system. 

T h e c lass ic " F O D O lat t ice" - t he bas ic c o m b i n a t i o n of m a g n e t s tha t 
is repea ted a r o u n d t he r ing o f m o s t m o d e r n s y n c h r o t r o n s - con ta ins 
no t on l y f o c u s i n g / d e f o c u s i n g m a g n e t s ( m a i n q u a d r u p o l e s ) a n d 
b e n d i n g m a g n e t s ( m a i n d i po les ) bu t a lso drift s p a c e s b e t w e e n the 
m a g n e t s w h e r e the par t ic les s i m p l y coas t . T h e s e drift z o n e s fulfil a 
v e r y f u n d a m e n t a l func t ion , p rov id ing s p a c e for all the n e c e s s a r y c o n ­
nec t ions for the b e a m c h a m b e r s a n d p o w e r supp l i es , a n d a lso for 
the c r yogen i c s y s t e m s , t he rma l sh ie ld ing a n d v a c u u m v e s s e l s in t he 
case of supe rconduc t i ng m a c h i n e s s u c h as the Large H a d r o n Col l ider 
( L H C ) . H o w e v e r , b e c a u s e t h e drift s p a c e d o e s no t p r o v i d e b e a m 
bend ing s t reng th , it is w a s t e d s p a c e in t e r m s of ach iev ing the h ighest 
b e a m e n e r g y in t he ring. S o o n e of t he des ign r e q u i r e m e n t s for cir­
cu lar acce le ra to rs a n d s to rage r ings tha t are op t im ized for high b e a m 
e n e r g y is to m i n i m i z e t h e rat io of d r i f t - to -magnet ic l eng th in t h e 
m a c h i n e arcs . Th i s impl ies s t rong const ra in ts on the s y s t e m s located 
in the drift s p a c e s , s u c h as t he t h e r m a l c o n t r a c t i o n / e x p a n s i o n c o m ­
p e n s a t i o n s y s t e m , t h e r a d i o f r e q u e n c y ( R F ) c o n t a c t s b e t w e e n t he 
b e a m s c r e e n s , t he jo in ts of t he s u p e r c o n d u c t i n g bus -ba rs , e tc . 

In t h e L H C , desp i t e t h e m a c h i n e ' s c o m p l e x i t y , t h e i n t e r connec ­
t ions h a v e b e e n o p t i m i z e d to t h e ex ten t tha t t h e y wil l o c c u p y on ly 
3 .7% of the acce le ra to r length in t he arcs a n d assoc ia ted d ispers ion 
s u p p r e s s o r s . ( T h e m a c h i n e cons i s t s of e ight b e n d i n g a rcs , genera l l y 
w i th d i spe rs i on s u p p r e s s o r s e c t i o n s l oca ted at e i ther e n d o f t he arc 
to r e d u c e t h e hor izonta l d i spe rs i on in t h e b e a m s . ) F igu res 1 a n d 2 
s h o w t h e c r o w d e d i n t e r c o n n e c t i o n reg ion p l a n n e d fo r t h e f ina l 
m a c h i n e a n d a s a l r e a d y i m p l e m e n t e d in a p r o t o t y p e . 

S u c h an a c h i e v e m e n t has h a d its pr ice, h o w e v e r . A s a resul t of a 
t ight m a t h e m a t i c a l o p t i m i z a t i o n , t h e c o m p o n e n t s of t h e t h e r m a l 
c o n t r a c t i o n / e x p a n s i o n c o m p e n s a t i o n s y s t e m - t h e e x p a n s i o n 
be l lows, w h i c h are c o m p o s e d of v e r y th in co r ruga ted she l ls ( f igure 3 ) 
- h a v e b e e n p u s h e d to o p e r a t e b e y o n d t h e e las t ic l imit, w h e r e 
plast ic d e f o r m a t i o n o c c u r s . T h u s , for t he first t ime in the h is tory of 
acce le ra to rs , t he in te rconnec t i on be l l ows "p last i fy" w i th e v e r y cyc le 
of c o o l - d o w n ( to 1.9 K) a n d w a r m - u p ( b a c k to 2 9 3 K ) , w h e r e a s t he 
m a g n e t s s tay "e las t ic " . T h i s p r o c e s s is assoc ia ted wi th t he evo lu t ion 
of plast ic st ra in f ie lds in the " c o n c e r t i n a " of the be l lows convo lu t ions , 
w h i c h is a c c o m p a n i e d by m i c r o - d a m a g e a n d , at low t e m p e r a t u r e s , a 
s t ra in - induced p h a s e t r ans fo rma t i on ( f rom a face -cen t red -cub ic to a 
body -cen t red -cub i c mater ia l s t r uc tu re ) . T o m in im ize t he in tens i ty of 
th is p h a s e t rans fo rma t ion , t he be l lows convo lu t i ons are m a d e f r om a 
spec ia l " m e d i c a l " g r a d e o f s ta i n l ess s tee l . F igure 4 s h o w s typ ica l 
hys te res is c u r v e s , ind icat ing t he d iss ipa t ion of e n e r g y d u e to plast ic 
de fo rma t i on du r ing cyc l ing b e t w e e n r o o m a n d low t e m p e r a t u r e s . T o 
ob ta in a re l iab le p e r f o r m a n c e o f t h e e x p a n s i o n b e l l o w s , t h e s e 
p h e n o m e n a w e r e all ca re fu l l y m o d e l l e d a n d t e s t e d at r o o m a n d 
c ryogen i c t e m p e r a t u r e s . A s the n u m b e r of t h e s e c o m p o n e n t s in t he 
L H C e x c e e d s 2 0 0 0 0 , a s ta t is t ica l c h e c k of the i r rel iabi l i ty is per­
f o r m e d , b a s e d on acce le ra ted life tes t ing of 1% of the c o m p o n e n t s . 

A n o t h e r impo r tan t f ea tu re of t h e i n te r connec t i on z o n e s c o n c e r n s 
t h e j o in t s b e t w e e n t h e s u p e r c o n d u c t o r s . T h e s e j o in t s , or s p l i c e s , 
c o m p r i s e c o n n e c t i o n s bo th b e t w e e n t h e R u t h e r f o r d - t y p e s u p e r ­
c o n d u c t i n g c a b l e s p o w e r i n g t he m a i n m a g n e t s a n d b e t w e e n t he t > 
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sma l l s u p e r c o n d u c t i n g bus -ba rs tha t p o w e r t he co r rec to r m a g n e t s 
( f igure 5 ) . Each jo int con ta ins t w o over lapp ing s u p e r c o n d u c t o r s s e p ­
a ra ted by a str ip of S n 9 6 A g 4 or a th in layer of c o p p e r ( d e p e n d i n g on 
the jo in ing t e c h n o l o g y ) , so t he d iss ipa t ion of e n e r g y d u e to hea t ing 
l osses is loca l ized in th is n o n - s u p e r c o n d u c t i n g layer. W h i l e typ ica l 
r es i s tances of t he jo in ts b e t w e e n Ru the r fo rd - t ype s u p e r c o n d u c t o r s 
r ema in b e l o w 0.6 nQ at 1.9 K, t h e jo in ts l oca ted in t he co r rec to r 
c i rcu i ts s h o w s o m e 3 nQ of r es i s tance . G i v e n t he tota l n u m b e r of 
jo in ts , t he m a x i m u m d iss ipa t ion of e n e r g y per i n te rconnec t i on z o n e 
( i f all s y s t e m s are s i m u l t a n e o u s l y p o w e r e d ) a m o u n t s to a r o u n d 
6 7 0 m W at 1.9 K ( in a d i p o l e - q u a d r u p o l e i n t e r c o n n e c t i o n ) . T h u s a 
large f ract ion of t he total e n e r g y d i ss ipa ted at low t e m p e r a t u r e s into 
t h e c o o l a n t ( super f l u id h e l i u m ) is loca l i zed in t h e e lec t r ica l inter­
c o n n e c t i o n s b e t w e e n t he m a i n L H C m a g n e t s , a n d t h e a m o u n t of 
e n e r g y tha t can be " p r o d u c e d " in t he i n te rconnec t i ons in th is w a y is 
s e v e r e l y l imi ted by t he t h e r m o d y n a m i c b u d g e t of t h e L H C . 

In v i e w of t he seve r i t y of t h e v a r i o u s cr i ter ia tha t t he L H C inter­
c o n n e c t i o n s m u s t sa t is fy , a r igorous rel iabi l i ty ana l ys i s is a mus t . 
T h e t a rge t s e t fo r t h e ava i lab i l i t y o f all t h e L H C i n t e r c o n n e c t i o n s 
( a r o u n d 1700 z o n e s ) is b a s e d on t he a s s u m p t i o n of at m o s t o n e 
shor t in te rven t ion ( 1 0 . 5 d a y s ) per 10 y e a r s of L H C o p e r a t i o n . T h i s 
a m b i t i o u s goa l imp l i es t ha t t h e ava i lab i l i t y o f t h e L H C i n t e r c o n ­
nec t i ons for t he ent i re s y s t e m m u s t be equa l to 99 .5%. Gene ra l l y , 
t he re are th ree g r o u p s of c o m p o n e n t s sub jec t to fa i lure in t he inter­
c o n n e c t i o n s : t he c o m p e n s a t i o n s y s t e m ( e x p a n s i o n b e l l o w s ) , t h e 
c o n n e c t i o n s of t he s u p e r c o n d u c t o r s ( sp l i ces ) a n d the RF con tac ts . 
A s s u m i n g t ha t t h e e x p e c t e d ava i lab i l i t y is a p p o r t i o n e d to e a c h 
fami l y of c o m p o n e n t s on a n e q u a l bas i s , a n d g i ven t he n u m b e r of 
i n t e r c o n n e c t i o n s in t he L H C , t h e e x p e c t e d rel iabi l i ty leve l for o n e 
i n te rconnec t ( pe r s y s t e m ) is 9 9 . 9 9 9 9 % . 

T h e L H C in te rconnec t ions will cons is t of a total of a r o u n d 2 5 0 0 0 0 
c o m p o n e n t s of d i f ferent s ize a n d s o m e 123 0 0 0 c o n n e c t i o n s will be 
n e e d e d to integrate all t h e s e c o m p o n e n t s . T h e ma in ob jec t i ve of the 
Qual i ty A s s u r a n c e P r o g r a m m e for the L H C in te rconnec t ions is to min­
imize the risk of f r equen t fa i lu res of t he crit ical c o m p o n e n t s a n d to 
r educe t he n u m b e r of i n te rven t ions . F igure 6 s h o w s a typ ica l plot 
indicat ing the m e a s u r e d reliability of o n e of the expans ion be l lows for 
t he b e a m v a c u u m in te rconnec ts . S i n c e the theore t i ca l l y e x p e c t e d 
n u m b e r of t he rma l cyc les ( inc lud ing q u e n c h e s ) in the L H C l i fet ime 
d o e s not e x c e e d 50 , the co r respond ing reliabil i ty of th is c o m p o n e n t , 
i.e. the probabi l i ty of su rv i va l , is v e r y h igh a n d c lose to 100%. 

The Polish connection 
In J u n e 2 0 0 3 a co l labora t ion a g r e e m ç j i t w a s s i gned b e t w e e n 
C E R N a n d t h e C r a c o w Inst i tu te of Nuc lea r Phys ics ( H N I N P ) , u n d e r 
w h i c h a Po l ish t e a m wi l l ass is t w i th t he inspec t ion of L H C 
a s s e m b l y w o r k (CERN Courier S e p t e m b e r 2 0 0 3 p 4 3 ) . U n d e r t he 
t e r m s of t he a g r e e m e n t 2 2 phys ic is ts , eng inee rs a n d techn i c i ans 
f r o m H N I N P wi l l g o to C E R N to inspec t t he 1700 in te rconnec t ions 
b e t w e e n the L H C m a g n e t s . T h e s e i n te rconnec t ions a re c o m p l e t e 
s y s t e m s as t hey h a v e to e n s u r e t he cont inu i ty of t he v a c u u m 
c h a m b e r , s u p e r c o n d u c t i n g cab le , c r yogen i c he l i um supp ly , m a i n 
m a g n e t a n d co r rec to r m a g n e t s y s t e m s . Al l t h e in te rconnec t ion 
c o m p o n e n t s a re inser ted into a doub le -wa l l ed s leeve s o tha t t h e y 
c a n be kep t at l iqu id-he l ium t e m p e r a t u r e . 

T h e Po l i sh " i n s p e c t o r s " , m a n y of w h o m h a v e p rev ious ly w o r k e d 
in t h e acce le ra to r sec to r a t D E S Y a n d B r o o k h a v e n , wi l l s tar t the i r 
i nspec t ion w o r k in Apr i l 2 0 0 4 . F o u r t e a m s of t h ree wi l l c h e c k 
tha t t h e c o m p o n e n t s h a v e b e e n p rope r l y a s s e m b l e d , t ha t t h e r e 
a re no b r e a k s in t h e s y s t e m s a n d t ha t t he spec i f i ca t i ons h a v e 
b e e n c o m p l i e d w i t h . A fu r the r t e a m of n ine wi l l h a v e spec ia l 
respons ib i l i t y fo r t es t i ng t h e e lec t r ica l s y s t e m s . 

T h e in te rconnec t ions are o n e of the f e w s y s t e m s for the L H C that 
will be a lmos t entirely a s s e m b l e d in the tunne l ( unde r the superv is ion 
of t he L H C In te r connec t i ons S e c t i o n ) a n d not in labora to ry c o n d i ­
t ions. The re fo re , to a c h i e v e the target avai labi l i ty for the in te rconnec­
t ion z o n e s , a str ict qual i ty-control p rocedure has to be app l ied dur ing 
the assemb ly process . Th is funct ion will be fulfil led by a t e a m of phys i ­
cists and eng inee rs ( s e e " T h e Pol ish c o n n e c t i o n " box, a b o v e ) , w h o 
will check the in te rconnec t ions o n e by o n e before the f inal c losure of 
the acce lera tor . Th i s " d e b u g g i n g " of in te rconnect ion z o n e s a ims to 
e l iminate the errors in the connec t i ons that might jeopard ize the elec­
tr ical , c r yogen ic or mechan i ca l func t ions of the m a c h i n e . G i v e n the 
total of a round 123 0 0 0 connec t i ons - and a typical error rate dur ing 
the a s s e m b l y of c o m p l e x s y s t e m s of 0.3%, the n u m b e r of poss ib le 
errors to be e l im ina ted reaches s o m e 3 7 0 . Th i s a lone is a suf f ic ient 
reason to f o c u s a great dea l of a t tent ion on the c o m p l e x in te rcon­
nect ion s y s t e m s located b e t w e e n the L H C superconduc t ing magne ts . 

B l a z e j S k o c z e n , LHC Interconnections Section leader, CERN. 
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Swapan Chattopadhyay reports on 
the recovery of Jefferson Lab's 
superconducting linear accelerators in the 
wake of Hurricane Isabel last September. 

H u r r i c a n e Isabe l w a s at c a t e g o r y f i ve - t h e m o s t v i o l en t on the 
S a f f i r - S i m p s o n sca le of hu r r i cane s t rength - w h e n it b e g a n threat­
en ing the centra l At lant ic s e a b o a r d of the U S . O v e r t he cou rse of 
severa l d a y s , p recau t ions aga ins t t he ex t r eme w e a t h e r cond i t ions 
w e r e t aken ac ross the Je f fe rson Lab si te in sou th -eas t V i rg in ia . O n 
18 S e p t e m b e r 2 0 0 3 , w h e n Isabe l s t ruck Nor th C a r o l i n a ' s O u t e r 
Banks a n d m o v e d n o r t h w a r d , d i rect ly ac ross the reg ion a r o u n d the 
laboratory , the s to rm w a s still qu i te des t ruc t i ve , a lbei t cons ide rab l y 
r educed in s t reng th . T h e f lood su rge a n d t rees fe l led by w ind s u b ­
stantial ly d a m a g e d or e v e n devas ta ted bui ld ings and h o m e s , includ­
ing m a n y be long ing to Je f fe rson Lab staf f m e m b e r s . 

For the laboratory itself, Isabel de l ivered an unp lanned and seve re 
cha l lenge in ano the r f o r m : a p o w e r o u t a g e tha t las ted near ly th ree-
and-a -ha l f d a y s , a n d w h i c h s e v e r e l y t e s t e d t he r o b u s t n e s s of 
J e f f e r s o n L a b ' s t w o s u p e r c o n d u c t i n g m a c h i n e s , t he C o n t i n u o u s 
Elect ron B e a m Acce le ra to r Faci l i ty ( C E B A F ) a n d the s u p e r c o n d u c t ­
ing r a d i o f r e q u e n c y "d r i ve r " a c c e l e r a t o r of t he l a b o r a t o r y ' s f ree-
e lec t ron laser . R o b u s t n e s s ma t t e r s g rea t l y for s c i e n c e at a t ime 
w h e n m i c r o w a v e s u p e r c o n d u c t i n g l inear acce le ra to rs ( l i nacs ) are 
not on ly be ing c o n s i d e r e d , but in s o m e cases a l ready be ing built for 
pro jects s u c h as neu t ron s o u r c e s , rare- iso tope acce le ra to rs , innov­
at ive light s o u r c e s and T e V - s c a l e e l e c t r o n - p o s i t r o n l inear col l iders. 

Hu r r i cane Isabe l i n te r rup ted a s e v e r a l - w e e k - l o n g m a i n t e n a n c e 
s h u t d o w n of C E B A F , w h i c h s e r v e s nuc lea r a n d part ic le phys i cs and 
r e p r e s e n t s t he w o r l d ' s p i o n e e r i n g la rge-sca le i m p l e m e n t a t i o n of 
s u p e r c o n d u c t i n g rad io f requency ( S R F ) t e c h n o l o g y . T h e racet rack-
s h a p e d m a c h i n e is ac tua l l y a pai r o f 5 0 0 - 6 0 0 M e V S R F l inacs 
i n t e r c o n n e c t e d by rec i rcu la t ion a rc b e a m l i n e s . C E B A F de l i ve rs 
s i m u l t a n e o u s b e a m s at up to 6 G e V to th ree expe r imen ta l hal ls. A n 
i m m i n e n t u p g r a d e wil l d o u b l e t he e n e r g y to 12 G e V a n d a d d an 
extra hall for "qua rk c o n f i n e m e n t " s tud ies . 

O n a smal le r sca le , Je f fe rson Lab ' s original k i lowatt-scale infrared 
free-electron laser (FEL ) is "d r i ven " by a high-current cous in of C E B A F , 
a 70 M e V S R F linac wi th a high-current injector. T h e FEL se rves mult i-
d isc ip l inary sc ience and t echno logy as the wor ld ' s h ighes t -average-
power source of tunab le coheren t infrared light. A n upgrade to 10 kW 
is in commiss i on i ng - as it w a s w h e n Isabel began th rea ten ing . 

Hurricane Isabel on her relentless northward track toward 
Jefferson Lab in southeastern Virginia on the US Atlantic coast 

The Jefferson Lab cryogenic group at the critical point of 
reaching 2.09 K and holding it steady. 

T h e p o w e r o u t a g e 
T h e acce le ra to r s i te lost e lectr ical p o w e r at app rox ima te l y 11 a . m . 
on 18 S e p t e m b e r dur ing the hur r i cane , a n d w a s not res tored until 
abou t 8 :30 p .m. on 21 S e p t e m b e r . A b o u t an hour later, af ter the 
Central He l ium Liquéf ier ( C H L ) contro l s ys tem w a s res tored, it w a s > 
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Minimum arc trips per shift with beam in CEBAF's north and 
south linacs (NL and SL) after Hurricane Isabel, as projected by 
a model created from prolonged observation of cavity behaviour 
without beam and compared with the actual situation pre-Isabel 
(August 2003). Each CEBAF cavity has a ceramic window 7.6 cm 
from the beamline at a temperature of2K. Field-emitted 
electrons charge up these windows until flash-overs occur, 
requiring the beam to be shut off. The frequency of these 
"RF faults" or "trips" is the prime determinant of CEBAF's 
energy capability and beam availability. The trip rates may 
improve with time as attention is given to refining some of the 
temperature interlock set points and as the benefits of 
additional helium processing of the RF windows are assessed. 

f o u n d that all c r y o m o d u l e t e m p e r a t u r e s w e r e a p p r o a c h i n g amb ien t 
v a l u e s . W i thou t power , the C H L cou ld not keep the C E B A F l inacs or 
t he F E L ' s d r iver l inac c o o l e d to t h e 2 K t e m p e r a t u r e requ i red for 
s u p e r c o n d u c t i n g o p e r a t i o n . T h e l iquid he l i um in bo th s y s t e m s 
w a r m e d up , boi led off, a n d w a s v e n t e d ha rm less l y but expens i ve l y 
to the a t m o s p h e r e . 

S o m e $ 2 0 0 000 ( ~ € 1 6 0 0 0 0 ) in he l ium w a s lost - two-th i rds of 
the overal l inventory and an a m o u n t equ iva len t to a yea r ' s wor th of 
losses f rom rout ine opera t ion ( c o m p a r a b l e in m a s s to m o r e t han 
70 000 litres of 4 .22 K liquid he l ium) . T h e ep isode w a s a lso cost ly to 
users ' exper imen ts and exper imenta l schedu les , to other aspec ts of 
C E B A F ' s status of operat ional readiness, and to the FEL upgrade c o m ­
missioning. O n e c o n s e q u e n c e , in parallel wi th recovery activit ies, has 
been to revisit the const ruct ion-era de terminat ion that instal l ing C H L 
backup power wou ld not be cost-ef fect ive; now var ious opt ions for 
reduc ing vulnerabi l i ty to power ou tages are being cons ide red . 

For the six w e e k s fo l low ing the inc ident , key act iv i t ies inc luded 
the p rocu remen t of rep lacement he l ium, pump ing out of all the linac 
v a c u u m e l e m e n t s , coo l i ng d o w n t h e ent i re C E B A F acce le ra to r 
c o m p l e x , RF cond i t ion ing of t he l inacs a n d the c o m m i s s i o n i n g of 
C E B A F ' s e lec t ron b e a m . T h e expe r imen ta l nuc lea r /pa r t i c l e -phys i cs 
p r o g r a m m e w a s r e s u m e d on 2 D e c e m b e r , a de lay of six w e e k s , and 
c o m m i s s i o n i n g the upg rade of t he FEL w a s res tar ted . 

The day-shift crew shared lunch in the Machine Control Center on 
27 November, Thanksgiving Day, a holjflayin any normal year. 

T h e r e c o v e r y 
In an t i c ipa t ion of t he a p p r o a c h i n g s t o r m , t he l abo ra to ry h a d 
s to red one- th i rd of its l i qu id -he l ium i nven to ry , t h u s e n a b l i n g t he 
" c o o l d o w n " of t he C E B A F l inacs to beg in on 8 Oc tobe r . T h e p lan 
w a s to coo l e igh t or n ine c r y o m o d u l e s per d a y , s tar t ing w i th the 
first t h ree c r y o m o d u l e s . All c o o l d o w n rates w e r e wi th in the gu ide­
l ines ( 1 5 0 K per h o u r ) to a v o i d e x c e s s i v e t h e r m a l s t r e s s e s a n d 
d e g r a d a t i o n of t h e cav i t y qua l i t y f ac to r ( " Q d i s e a s e " ) . W h i l e no 
ma jo r m e c h a n i c a l - v a c u u m - r e l a t e d i ssues c a u s e d c o n c e r n d o w n to 
4 K, c o o l d o w n to 2 K ( t he t e m p e r a t u r e at w h i c h l iquid he l i um is 
super f l u id ) w a s a p p r o a c h e d g inger ly i n d e e d , be ing a fu r ther tes t 
of v a c u u m integr i ty. 

Near ly 3 8 0 0 0 litres of 4 K l iquid he l ium ar r ived at the labora to ry 
ear ly on 16 O c t o b e r , a n d t h e c r y o m o d u l e s w e r e t o p p e d off at a 
rate o f a b o u t 2 4 0 0 l i tres per hour . T h e t a s k s to fo l l ow w e r e 
c o o l d o w n to 2 K, fu r ther f i l l ing a n d s tab i l i za t ion , re-estab l ish ing a 
ve ry low-grad ient t u n e of all the cav i t ies , opera t ion of the cav i t ies to 
de te rm ine the i r w a v e g u i d e v a c u u m r e s p o n s e , a n d RF cond i t ion ing 
of t he cav i t ies . W a v e g u i d e v a c u u m had b e e n a cha l l enge dur ing 
C E B A F ' s ear ly opera t iona l y e a r s in the 1990s , but it had c lea red 
up wi th use . 

O n 20 Oc tobe r the c ryogen ic g r o u p , us ing m a n u a l cont ro l , pul led 
C E B A F ' s l iquid-hel ium tempera tu re d o w n to be low the lambda point, 
the t rans i t ion to the super f lu id s ta te . S o m e 17 hours later, on 21 
Oc tober , m o r e t h a n 9 9 % of the C E B A F a n d FEL acce le ra to r m o d ­
ules had been coo led to 2 .09 K, the no rma l opera t ing t empe ra tu re . 
T h e End Stat ion Refr igerator w a s then p o w e r e d up to start del iver ing 
l iquid he l ium for e x p e r i m e n t p repara t ion - the coo l ing of m a g n e t s 
and c ryogen ic ta rget work . 

A s t he l iquid he l i um c r o s s e d t h e l a m b d a point , o n e a i l ing 
c r y o m o d u l e in nor th l inac z o n e 5 w a s m o n i t o r e d care fu l l y . T h e 
p ressure in the w a v e g u i d e f e e d s to the first and s e c o n d of its four 
cav i ty pairs w e n t up at a rapid rate; w i th in hours the ion p u m p had 
sa tu ra ted in the mil l i torr range a n d it t r ipped s o o n after. T h e four 
cav i t ies in ques t i on w e r e a s s e s s e d as inoperab le d u e to v a c u u m 
cons ide ra t i ons ; t h e y w e r e the on ly casua l t ies of the s t o r m . O u t of 
C E B A F ' s total of 3 0 0 , t h e y rep resen t at mos t 1% of the m a c h i n e ' s 
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Jefferson Lab staff in the CEBAF Machine Control Center celebrate the delivery of beam to Halls B aopf C. 

overa l l ene rgy reach . RF cond i t i on ing has s ince revea led no o ther 
low- level leaks. Af ter 3 6 hou rs of t he rma l s tab i l izat ion at 2 K, the 
t a s k s at h a n d c o n s i s t e d of a t ta in ing low-g rad ien t (2 M V / m ) RF 
opera t ion , fo l lowed by the a s s e s s m e n t of v a c u u m stabil i ty wi th high-
p o w e r RF opera t i on . 

T h e RF recove ry of C E B A F a n d the F E L , fo l low ing the c o m p l e t e 
c r yogen i c r ecove ry , e l im ina ted t w o ma jo r uncer ta in t ies : r e s o n a n t 
f r equenc ies w e r e c lose e n o u g h to 1497 M H z tha t the cav i t ies cou ld 
be b rough t up w i thou t dif f iculty, a n d g rad ien ts in e x c e s s of 5 M V / m 
w e r e s u s t a i n e d w i thou t e x t e n s i v e v a c u u m fau l ts . By 7 N o v e m b e r 
the C E B A F l inacs had run in a s tab le fash ion wi th RF but w i thou t 
e lec t ron b e a m for m o r e t han a w e e k - an oppor tun i t y unl ike any 
s ince C E B A F ' s c o m m i s s i o n i n g a d e c a d e a g o . T h e n e w l y insta l led 
h igh -pe r fo rmance c r y o m o d u l e in sou th l inac z o n e 21 had ope ra ted 
in a qu ie t m o d e at an equ i va len t RF e n e r g y ga in of 60 M e V , cons id ­
e rab l y h ighe r t h a n its o p e r a t i n g v o l t a g e ( a p p r o x i m a t e l y 4 0 M e V ) 
before the Isabel s h u t d o w n . 

T h e c o m i n g m o n t h s 
T h e obse rva t i ons a n d da ta p rocess ing on C E B A F ' s cav i t ies to da te 
g ive a m o r e t han 9 5 % con f i dence level in the ene rgy es t imat ion of 
the l inacs, p romis ing a 5 G e V phys i cs run for the next six m o n t h s 
fo l l owed by poss ib le runs at 5.5 G e V a n d a b o v e later in 2 0 0 4 . T h e 
l inac RF a p p e a r s at least c o m p a r a b l e to its pre- lsabe l capabi l i ty , 
notwi ths tanding the four nonfunct iona l cavi t ies in north l inac zone 5. 

A s ing le g loba l p h a s e a d j u s t m e n t a l l o w e d t he e l ec t ron b e a m 
to go t h r o u g h t he ent i re l inac c o m p l e x , i nd ica t ing t ha t t he RF 
p h a s e s w e r e rep roduc ib le af ter the t e m p e r a t u r e cyc le . A deta i led 
a n a l y s i s of cav i t y a n d w a v e g u i d e v a c u u m r e s p o n s e du r i ng coo l -
d o w n is be ing p e r f o r m e d to ga in an u n d e r s t a n d i n g of t he ac tua l 
v a c u u m cond i t ions and the mo lecu la r spec ies cont r ibut ing to t h e m . 
Th i s will he lp us to u n d e r s t a n d bet ter t he v a c u u m t r ips a n d to se t 
t h e m proper ly in o rder to e l im inate u n n e c e s s a r y t r ips d u e to lack of 
k n o w l e d g e in the so f twa re . T h e w a r m w i n d o w t e m p e r a t u r e s of the 
cav i t i es a re be ing m o n i t o r e d ca re fu l l y a n d s i m u l t a n e o u s l y w i th 
res idua l g a s a n a l y s e s to p r o v i d e inpu t for a k n o w l e d g e - b a s e d 
con t ro l s y s t e m for t he RF v a c u u m t r ips , w h i c h s h o u l d lead to 

i m p r o v e d l inac p e r f o r m a n c e . 
T h a n k s to t he d e d i c a t e d w o r k of t he phys ic i s ts , e n g i n e e r s a n d 

ope ra t i ng c r e w ( i nc l ud ing t h r o u g h o u t t he t rad i t iona l f ou r -day 
T h a n k s g i v i n g w e e k e n d ) , t he i m p l e m e n t a t i o n of all t he a b o v e has 
b rough t C E B A F back to opera t iona l read iness . T h e m a c h i n e is n o w 
r is ing to t he s ign i f i can t c h a l l e n g e , n e v e r a t t e m p t e d be fo re , of 
d e v e l o p i n g e lec t ron b e a m s wi th v e r y s t r ingent charac te r i s t i cs for 
s i m u l t a n e o u s use in all t h ree hal ls. 

A c o n t i n u o u s - w a v e par i ty -qua l i ty b e a m of 4 0 m i c r o a m p e r e s is 
requ i red in Hal l C for t he G O e x p e r i m e n t , w i th v e r y sma l l re lat ive 
"hel ic i ty co r re la t ions" in b e a m proper t ies (e .g . less than 20 n a n o ­
meters ' of m o v e m e n t in the b e a m spo t w h e n the b e a m hel ic i ty is 
f l i pped , a v e r a g e d ove r the ent i re expe r imen ta l run t i m e ) . In Hall A a 
100 m i c roampe re b e a m is n e e d e d for the hypernuc lea r exper iment , 
wi th the s t r ingent r equ i remen t of a re lat ive ene rgy s p r e a d of less 
than 25 in o n e mi l l ion. Final ly, a low-cur rent but h igh-qual i ty b e a m 
is des t i ned for Hal l B. T h e f irst b e a m for t he phys i cs e x p e r i m e n t 
in Hal l C, t he G O eng inee r i ng r u n , w a s de l i ve red on s c h e d u l e on 
2 December . T h e exper imenta l p r o g r a m m e in Hall B has also b e g u n , 
wh i l e Hal l A is be ing p r e p a r e d for t he s tar t of t he h y p e r n u c l e a r 
expe r imen t in J a n u a r y . 

T h e r e c o v e r y of t he F E L f o l l o w e d on the hee l s of tha t of 
C E B A F , and as I wr i te t o d a y the h igh -power commiss i on i ng has ful ly 
r e s u m e d , wi th las ing a c h i e v e d at near ly the ki lowatt level a n d the 
laser p o w e r level con t inu ing to rise s tead i ly . 

A c k n o w l e d g m e n t s 
T h e a c h i e v e m e n t s repo r ted he re w e r e m a d e poss ib le by t h e 
ded ica t ion a n d hard w o r k of the Je f fe rson Lab staff. 

F u r t h e r r e a d i n g 
Further in format ion a n d da ta on c r yogen i cs , S R F and b e a m s tud ies 
c a n be f o u n d at: w w w . j l a b . o r g / a c c e l p h y s . h t m l , wh i l e t he re a re 
deta i ls of t he C E B A F sc ient i f ic p r o g r a m m e a n d ind iv idua l exper i ­
men ts at: w w w . j l a b . o r g / s c i p r o g . h t m l . 

S w a p a n C h a t t o p a d h y a y associate director, Jefferson Lab. 
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The time proj ection 
chamber turns 2 5 

A t ime pro ject ion c h a m b e r ( T P C ) p rov ides a 
c o m p l e t e , 3 D p ic ture of t he ion iza t ion 
depos i ted in a gas (or l iquid) v o l u m e . It acts 
s o m e w h a t l ike a b u b b l e c h a m b e r , a lbe i t 
wi th a fast, al l-electronic read-out. T h e T P C s 
3 D local izat ion m a k e s it ex t reme ly usefu l in 
t rack ing c h a r g e d par t ic les in a h igh- t rack-
dens i t y e n v i r o n m e n t , a n d for iden t i f y ing 
part ic les th rough their ionizat ion ene rgy loss 
( d E / d x ) . T o h o n o u r the 25 th ann i ve r sa r y of 
the T P C , a s y m p o s i u m w a s o rgan i zed at the 
L a w r e n c e Berke ley Nat iona l Labora to ry on 
17 O c t o b e r 2 0 0 3 , w i th w o r k s h o p s t ha t 
inc luded presenta t ions on the past , p resen t 
a n d fu ture of the T P C . 

T h e T P C w a s inven ted by D a v e Nyg ren at 
the L a w r e n c e Berke ley Labora to ry ( L B L ) in 
the late 1970s . Its f irst ma jo r app l i ca t i on 
w a s in t he PEP-4 de tec to r , w h i c h s t u d i e d 
2 9 G e V e V co l l i s ions at t he P E P s t o r a g e 
r ing at S L A C . S i n c e t h e n T P C s h a v e b e e n 
used to s tudy e + e " col l is ions at P E P , at the 
T R I S T A N col l ider, at the K E K labora tory a n d 
at the Large Elect ron Posi t ron ( L E P ) col l ider 
at C E R N . A T P C cou ld a l so be t he cent ra l 
de tec to r at future e + e " l inear col l iders. 

T h e dev i ce has a lso f igured in a n u m b e r 
of exper iments involv ing heavy- ion col l is ions 
at m a c h i n e s s u c h as L B L ' s B e v a l a c a n d 
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 ; a n d n o w the A L I C E co l labora ­
t ion is bui ld ing a large T P C to s t u d y h e a v y -
ion col l is ions at the Large H a d r o n Col l ider 
( L H C ) . T P C s have a lso been used in a w h o l e 
hos t of non-acce le ra to r expe r imen ts . 

Since its birth 25 years 
ago, the time projection 

chamber has developed into 
a mature technology that is 

used in many fields, as 
Spencer Klein describes. 

Fig. 1. Dave Nygren (left) and colleague 
stand in the PEP-4 experiment showing 
the TPCs eventual location. (Photo: LBNL.) 

T P C s i n p a r t i c l e p h y s i c s 
T h e PEP-4 T P C (f igure 1) w a s built to c o m b i n e charged-par t ic le track­
ing with good particle identi f icat ion by measur ing the speci f ic energy 
loss ( d E / d x ) of c h a r g e d par t ic les. T h i s 2 m long cy l indr ica l T P C had 
an inner d iame te r of 4 0 c m a n d an ou te r d i ame te r of 2 m, a n d had 
mos t of the fea tu res of n e w e r T P C s . 

C h a r g e d par t ic les f r om e V co l l i s ions in t he cen t re of the T P C 
ionized mo lecu les in a mixture of 8 0 % argon a n d 2 0 % m e t h a n e gas 
at 8.5 a t m o s p h e r e . A cent ra l m e m b r a n e ( the c a t h o d e ) tha t w a s 

cha rged to - 7 5 kV p roduced a s t rong elec­
tric f ield ( f igure 2 , s e e p41 ) . U n d e r t h e influ­
e n c e of this f ie ld, ionizat ion e lect rons drifted 
to o n e of the t w o e n d c a p s . A so leno ida l 
m a g n e t i c f ie ld m in im ized the t r a n s v e r s e 
di f fusion a n d bent the charged part ic les to 
al low m o m e n t u m m e a s u r e m e n t . 

T h e end caps were div ided into six sectors , 
e a c h one conta in ing a 183-anode mult iwire 
proport ional c h a m b e r ( M W P C ) . Drifting elec­
t rons w e r e acce le ra ted in the s t rong electr ic 
f ields a round the wires and acqui red enough 
kinetic ene rgy to ionize the gas and p roduce 
an a v a l a n c h e . A s ing le drift e lec t ron pro­
d u c e d a b o u t 1000 e lec t rons in the w i re . 

T h e w i re s igna ls w e r e s a m p l e d 10 mil l ion 
t i m e s per s e c o n d to a 9-bit a c c u r a c y by an 
a n a l o g u e s to rage unit b a s e d on a cha rge -
c o u p l e d d e v i c e ( C C D ) . T h e s i gna l s w e r e 
t h e n d ig i t ized at a s l o w e r rate us ing in­
expens i ve A D C s . T h e wire data w e r e used to 
m e a s u r e par t ic le e n e r g y loss. B e c a u s e of 
the high g a s p ressu re , the ionizat ion cou ld 
be m e a s u r e d a c c u r a t e l y a n d the d E / d x 
reso lu t ion a c h i e v e d w a s an u n p r e c e d e n t e d 
3%. T h i s m e a n t t ha t p ions , k a o n s a n d 
p r o t o n s c o u l d be ident i f ied o v e r m o s t of 
the k inemat ic range . 

C h a r g e d par t i c les w e r e t r a c k e d us ing 
da ta f r om 15 rows of 7 x 7.5 m m 2 metal l ic 
p a d s l oca ted u n d e r t he w i res . W h e n an 
e lec t ron p r o d u c e d an a v a l a n c h e on an 
a n o d e w i r e , a c loud of pos i t i ve ly c h a r g e d 
ions r e m a i n e d in the gas . T h e image charge 
t ha t f o r m e d o n t he meta l l i c p a d s w a s 
t h e n m e a s u r e d us ing a cha rge -sens i t i ve 
p reampl i f i e r . By m e a s u r i n g t he re la t ive 

cha rge on seve ra l ad jacen t p a d s , the ionizat ion cou ld be local ized 
to a p p r o x i m a t e l y 2 5 0 | j m . T h e s e p a d s w e r e a lso read ou t by 
the C C D s y s t e m . 

Later T P C s u s e d m a n y of the t e c h n i q u e s p i o n e e r e d by P E P - 4 . 
S o m e no tab le e x a m p l e s w e r e the A L E P H and D E L P H I T P C s at L E P , 
the T O P A Z expe r imen t at T R I S T A N a n d the ear ly ver tex c h a m b e r s for 
the C D F e x p e r i m e n t at Fe rm i lab . T h e A L E P H T P C at LEP w a s o n e of 
the larger e x a m p l e s , m e a s u r i n g 3.6 m in d i a m e t e r a n d 4 .4 m in 
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l eng th , wi th tw ice as m a n y d E / d x m e a s u r e m e n t s as the PEP-4 T P C . 
Both of the LEP T P C s used f lash A D C s y s t e m s ins tead of C C D s . 

T P C s have a lso b e e n u s e d in a n u m b e r of sma l le r expe r imen ts , 
s u c h as in s tud ies of m u o n d e c a y a n d cap tu re . T h e M u C a p exper i ­
m e n t at the Pau l S c h e r r e r Ins t i tu te , for e x a m p l e , is bu i ld ing a 
10 a t m o s p h e r e h y d r o g e n - g a s T P C to m e a s u r e m u o n l i fet ime. 

T P C s f o r h e a v y i o n s 
With the g rowth of r esea rch wi th relat ivist ic heavy - i on col l is ions in 
the ear ly 1980s , T P C s f o u n d a n o t h e r h o m e . T h e 3 D p ic ture of ion­
izat ion is ideal for t rack ing par t ic les in h igh-dens i ty e n v i r o n m e n t s -
hund reds or t h o u s a n d s of part ic les f rom a s ingle col l is ion - in wh i ch 
o ther de tec to rs are o v e r w h e l m e d by the huge mult ip l ic i ty. T h e first 
l a r g e - a c c e p t a n c e T P C w a s in t he Equa t i on -o f -S ta te e x p e r i m e n t 
( E O S ) , wh i ch s tud ied heavy - i on co l l is ions at ene rg ies of a few G e V 
per n u c l é o n at t he B e v a l a c . T h e rec tangu la r E O S T P C m e a s u r e d 
150 x 96 x 75 c m . E lec t rons drif ted d o w n w a r d s in a un i form electric 
f ield a n d w e r e ampl i f ied by 3 0 0 0 t imes in a M W P C . Da ta w e r e read 
out f rom 15 3 0 8 pads , wh i ch s e n s e d the image charge f rom posit ive 
ions in the s a m e w a y as in P E P - 4 . 

O n e key d e v e l o p m e n t in us ing T P C s in heavy - ion col l is ions c o n ­
ce rns the e lec t ron ics . In the h igh- t rack-dens i ty e n v i r o n m e n t m a n y 
p a d s are requ i red a n d e a c h pad de tec ts s igna ls f rom s u c h a large 
n u m b e r of t racks tha t it m u s t be read out by a w a v e f o r m digit izer. 
T h e C C D a n a l o g u e s t o r a g e un i ts u s e d w i th ear l ie r T P C s requ i red 
cons ide rab le p o w e r a n d diff icult ca l ibrat ions. T h e y w e r e a lso e x p e n ­
s i ve . S o E O S used a n e w t e c h n i q u e , t he sw i t ched capac i to r ar ray 
( S C A ) , d e v e l o p e d by Stuar t K le infe lder . 

T h e E O S S C A cons is ts of an ar ray of 128 capac i to rs , e a c h c o n ­
nec ted to an input by a sw i t ch . By rapidly open ing and c losing the 
sw i tches , the capac i to rs can be c o n n e c t e d to the input one by one , 
fo rming an ana logue s to rage unit. T h e samp l i ng rate is ma tched to 
the drift t ime of e lect rons ac ross the T P C , and the capac i tors are read 
out by an inexpens ive (but s l ow ) analogue-to-digi ta l conver ter . Th is 
s c h e m e reduced the cost and power consump t i on of w a v e f o r m digi­
t izers, mak ing T P C s a pract ical tool for the s tudy of heavy- ion colli­
s ions . Packag ing w a s integral to the s u c c e s s of the e lect ronics. T h e 
preampli f iers, S C A s , digitizers and mult iplexers were moun ted directly 
on the T P C , and a handfu l of opt ical f ibres rep laced 15 0 0 0 cab les . 

A f te r c o m p l e t i n g its s e r v i c e at t h e B e v a l a c , t he E O S T P C w a s 
m o v e d to the B r o o k h a v e n A l te rna t ing Grad ien t S y n c h r o t r o n ( A G S ) , 
w h e r e it w a s used to s t u d y heavy - i on co l l is ions in e x p e r i m e n t E 8 9 5 
a n d p r o t o n - i o n col l is ions in expe r imen t E 9 1 0 , a n d t hen to Fermi lab 
for expe r imen t E 9 0 7 p rob ing h igher ene rgy p r o t o n - i o n col l is ions. 
By the t ime E 9 0 7 e n d s , E O S will h a v e s e e n m o r e t h a n 15 y e a r s of 
se rv i ce at th ree di f ferent labora tor ies . 

E O S p ioneered t e c h n i q u e s tha t w e r e used in m a n y o ther exper i ­
men t s . A t C E R N the N A 3 5 , N A 3 6 a n d N A 4 9 e x p e r i m e n t s all used 
T P C s to s tudy heavy- ion col l is ions. N A 4 9 took the const ruct ion of the 
dev ices to new v o l u m e s wi th four huge T P C s - the largest pair meas ­
ur ing 3.8 x 3.8 x 1.3 m. T h e c o m p l e x w a s read ou t by 182 0 0 0 
S C A s ; t h e s e S C A ch ips had integral A D C s . 

T h e next s tep up in heavy - i on col l is ion e n e r g y w a s the RHIC at 
B r o o k h a v e n , and it w a s natural that T P C s wou ld p lay a key role. T w o 
original T P C - b a s e d p roposa ls me rged into the S T A R detector , wh ich 

Fig. 2. A schematic view of the PEP-4 TPC showing the drift 
volume (dark blue), wire chambers (green) and pads (light blue). 

has a 4 m d iamete r , 4 m long T P C at its cen t re . T h e T P C for S T A R 
fo l lows the g e o m e t r y of t he PEP-4 a n d A L E P H T P C s , but rel ies on 
138 000 pads that are read out by S C A digit izers for both d E / d x and 
t racking in format ion. T h e s y s t e m is m u c h faster than prev ious exper­
iments: it can digitize an event conta in ing 70 million vo lume e lements 
to 10 bit precis ion a n d t ransmi t it to the data-acquis i t ion s y s t e m in 
10 m ic roseconds . Figure 3 s h o w s an even t in the S T A R T P C . 

T h e A L I C E heavy- ion expe r imen t at the LHC is built a round a m a m ­
moth T P C , 2.5 x 5.5 m wi th 750 0 0 0 pads . Analogue- to-d ig i ta l -con­
ver ter t echno logy has ma tu red and A L I C E has rep laced S C A s wi th 
cus tom in tegrated c i rcui ts, e a c h con ta in ing 16 x 10-bit A D C s wi th 
digital fi lters for tail supp ress ion a n d zero -suppress ion circuitry. Data 
can be read out 1000 t imes per s e c o n d . 

S o m e t i m e s longi tudinal ly drift ing e lec t rons m a y not be op t ima l . 
T h e co l labora t ions for S T A R and C E R E S ( N A 4 5 at C E R N ) have built 
cy l indr ical T P C s w h e r e the e lec t rons drift ou twa rds radial ly f r om a 
cy l indr ica l cent ra l c a t h o d e t o w a r d s a n o d e s on a concen t r i c ou te r 
cyl inder. Th i s g e o m e t r y is a d v a n t a g e o u s w h e n t racks are paral lel to 
the cy l inder 's axis, but it in t roduces m a n y compl ica t ions. T h e electr ic 
and magne t i c f ie lds are no longer paral le l , wh i ch leads to c o m p l e x 
electron-dri f t t ra jector ies. C u r v e d pad -p lanes are t hen requ i red , or 
the ideal ized cyl indr ical g e o m e t r y m u s t be comp l i ca ted . For t hese 
reasons , radial-drift T P C s have a more c o m p l e x s t ructure and poorer 
resolut ion than l inear-drift dev i ces . H o w e v e r , s o m e t i m e s these fac­
tors can prov ide a wor thwh i le trade-off . 

N o n - a c c e l e r a t o r a p p l i c a t i o n s 
T P C s are a lso used in m a n y non-acce le ra to r expe r imen ts s u c h as 
double-beta decay and dark-matter searches . Often these exper iments 
use dense med ia , s u c h as l iquids, w h e r e the act ive detector v o l u m e 
also serves as the exper imenta l target (for neutr inos or dark mat ter) or 
a radioact ive sou rce (for double-beta decay , proton decay , e tc . ) . 

T h e first labora to ry obse rva t i on of doub le -be ta d e c a y , in 1987 , 
by S t e v e Elliott, A l an H a h n a n d Michae l M o e , u s e d a th in layer of 
8 2 S e depos i t ed on the cent ra l c a t h o d e of a T P C . T h o u g h v e r y suc ­
c e s s f u l , th is t e c h n i q u e w a s l imi ted to re la t ive ly sma l l s a m p l e 
v o l u m e s . Mos t cur ren t efforts use a s ing le mater ia l , s u c h as l iquid 
1 3 6 X e , as both a s o u r c e a n d drift m e d i u m . O n e part icu lar ly a m b i ­
t ious g r o u p , the Enr i ched X e n o n O b s e r v a t o r y co l labora t ion , p lans > 
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Fig. 3. A side view of the tracks from a 200 GeV per nucléon 
pair gold-on-gold collision at RHIC, as reconstructed in the TPC 
of the STAR experiment. 

Fig. 4. This image shows a muon-to-electron decay recorded in 
the liquid-argon TPC that is used in the ICARUS project. The 
muon travels about 60 cm before decaying. The decay 
produces a pronounced kink. 

to use a l iqu id-xenon T P C to local ize doub le -be ta d e c a y e v e n t s and 
t h e n inser t a p robe into t he x e n o n to ex t rac t t he 1 3 6 B a d a u g h t e r 
p roduc t for deta i led s tudy . 

L iqu id -xenon T P C s are a lso be ing u s e d as imag ing de tec to rs to 
t rack pho tons wi th energ ies of a f e w M e V . T h e pho ton d i rect ions are 
de te rm ined by reconstruct ing doub le -Compton interact ions. A l iquid-
x e n o n imager has a l ready b e e n used to s t udy the ga lact ic cen t re . 
T h e t e c h n o l o g y m igh t a l so be u s e d to s e a r c h for p h o t o n s f r o m 
s m u g g l e d nuc lear mater ia l . 

L iqu id-argon T P C s h a v e b e e n s tud ied for m a n y y e a r s unde r the 
a e g i s of t he I C A R U S ( I m a g i n g C o s m i c a n d Rare U n d e r g r o u n d 
S igna l s ) project. T h e cur ren t T 6 0 0 p ro to type , b a s e d on 4 7 6 t o n n e s 
of l iquid a rgon in a v o l u m e of 2 7 5 m 3 , recent ly c o m p l e t e d a 68 day 
eng ineer ing run. T h e co l laborat ion 's goal is a 3 0 0 0 t onne detector in 
the Gran S a s s o Labora tory in Italy, wh i ch will s tudy so lar a n d a tmos­
pher i c neu t r i nos , ter res t r ia l neu t r i nos f r o m 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 ) , and a lso pro ton d e c a y . T h e so lar neut r ino s tudy 
m a y be qui te cha l leng ing in t e r m s of b a c k g r o u n d s . 

O n e interest ing idea be ing p u r s u e d by severa l g r o u p s is to use 
dri f t ing ions rather t h a n dri f t ing e lec t rons in a g a s or l iqu id. Both 
pos i t ive ly and nega t i ve ly c h a r g e d ions h a v e b e e n c o n s i d e r e d ; the 
latter can be f o rmed w h e n an ionizat ion e lec t ron a t taches itself to a 
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p rev ious ly u n c h a r g e d mo lecu le . T h e a d v a n t a g e of ion drift is tha t 
the d i f fus ion can be m u c h smal le r . O n e big d r a w b a c k is that pos i ­
t ively cha rged ions c a n n o t i nduce a v a l a n c h e s , great ly comp l i ca t ing 
the de tec t ion of t he s igna l . T h e m u c h s l owe r drift ve loc i ty s e e m s to 
offer both a d v a n t a g e s a n d d i s a d v a n t a g e s . Ion-drift T P C s h a v e been 
cons idered for a var ie ty of appl icat ions, inc luding double-beta d e c a y 
and dark -mat te r a n d ax ion s e a r c h e s . 

F u t u r e d i r e c t i o n s 
T h e m o s t exc i t ing t echno log i ca l d e v e l o p m e n t s in g a s e o u s T P C s 
c o n c e r n e lec t ron amp l i f i ca t i on , w h e r e t w o n e w t e c h n o l o g i e s are 
replacing wire c h a m b e r s . G a s Electron Mult ipl iers ( G E M s ) are plastic 
foils that are meta l coa ted on both s ides , wi th 5 0 - 1 0 0 | jm d iamete r 
holes p u n c h e d in t h e m . 

T h e meta l coa t ings are cha rged to a potent ia l d i f ference of a f ew 
hundred vo l ts , c reat ing s t rong electr ic f ie lds in the ho les. E lec t rons 
drift ing into the ho les ionize the g a s , cheating an a v a l a n c h e m u c h 
like tha t f o r m e d a r o u n d a n o d e w i res in c o n v e n t i o n a l c h a m b e r s . 
G E M s have severa l a d v a n t a g e s ove r wi re c h a m b e r s . T h e y are easi ly 
s u p p o r t e d , e l iminat ing wi re s a g a n d instabi l i ty, and can be p laced 
ve ry near to read-out p a d s , reduc ing d i f fus ion after ampl i f i ca t ion . 
T h e high ho le dens i t y p rov ides an e v e n ampl i f i ca t ion ove r a large 
a rea . Pos i t ive ions g e n e r a t e d in the w i re a v a l a n c h e drift natura l ly 
a w a y f rom the ampl i f icat ion reg ion, e l iminat ing the bui ld-up of s p a c e 
charge in the ampl i f icat ion reg ion. 

M i c romesh g a s e o u s s t ruc ture c h a m b e r s ( M i c r o m e g a s ) use a th in 
meta l m e s h ins tead of a n o d e w i res . T h e m e s h can be s u p p o r t e d a 
sma l l d i s t a n c e a b o v e t he p a d s . A s i m p l e w i re gr id a b o v e t h e 
M ic romegas p roduces a potent ia l d i f ference wi th the m e s h , so elec­
t ron a v a l a n c h e s f o rm in the s t rong electr ic f ie lds a r o u n d the m e s h 
e lements . Like G E M s , M i c r o m e g a s can be p laced ve ry c lose to read­
out pads , great ly reduc ing di f fusion. T h e y a lso have the s a m e a d v a n ­
tage as G E M s for pos i t ive- ion e l im ina t ion . 

Both G E M s a n d M i c r o m e g a s h a v e a s o m e w h a t lower gain than 
wire c h a m b e r s . Howeve r , t w o or th ree layers of G E M s or M ic romegas 
c a n be c a s c a d e d by p lac ing t h e fo i ls or m e s h e s on t op of e a c h 
o ther , t h e r e b y mu l t i p l y ing t he g a i n s . G E M s a n d M i c r o m e g a s a re 
beg inn ing to r ep lace w i re c h a m b e r s in s o m e e x p e r i m e n t s , m o s t 
no tab ly in the C O M P A S S e x p e r i m e n t at the S P S at C E R N . T h e y are 
also p rominen t in R & D for fu ture l inear col l iders a n d for upg rades of 
the de tec to rs at R H I C . 

O v e r the past 25 y e a r s , T P C s h a v e g r o w n into a p r o v e n , ma tu re 
a n d f lex ib le t e c h n o l o g y . W i t h t h e s e n e w d e v e l o p m e n t s t he nex t 
quar te r cen tu ry looks equa l l y br ight. 
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For more abou t the T i m e Pro ject ion C h a m b e r s y m p o s i u m , s e e 
w w w - t p c . I b I. g o v / s y m posi u m / . 
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P R I Z E S 

Dyson and Rubakov share the 
Pomeranchuk Prize for 2003 
Freeman Dyson , f rom the Institute for 
Advanced Study in Princeton, and Valéry 
Rubakov, f rom the Institute for Nuclear 
Research ( INR) in Moscow, have been 
awarded the Pomeranchuk Prize for 2003 , 
which is administered by Moscow 's Institute for 
Theoret ical and Experimental Physics ( ITEP) . 

Dyson , w h o is one of the founders of modern 
quantum electrodynamics ( Q E D ) , receives the 
prize for outstanding contr ibutions to quantum 
field theory. With the publication in 1949 of his 
papers on Q E D , there was at last a general and 
systemat ic formal ism physicists could easily 
learn to use, and which provided a c o m m o n 
language for the subsequent appl icat ions of 
quantum field theory to problems in physics. 
T h e famous S c h w i n g e r - D y s o n equat ions are 
still used to solve many problems in quantum 

Indian awards for the 
physics of plasmas 
T h e Indian Physics Assoc ia t ion has named the 
recipients of its prest igious R D Birla Memor ia l 
Award for 2002 ; they are Predh iman Kaw of 
the Institute of P lasma Research , 
A h m e d a b a d , and Bikash Sinha of the S a h a 
Institute of Nuclear Phys ics and Var iable 
Energy Cyclotron Centre, Kolkata. T h e R D 
Birla Award is given biennial ly for excel lence 
in pure physics, and prev ious w inners have 
included Nobel laureates Abdus Sa lam and 

Young physicist wins 
Klaus B laum, of GSI Darmstadt and the 
project leader of the ISOLTRAP exper iment at 
C E R N , has been awarded the Gus tav Hertz 
Prize for 2004 for his outs tanding work on the 
mass determinat ion of unstable atomic 
nuclei . Th is is the highest award g iven by the 
G e r m a n Physical Society to a young physic ist 
wi thout a professorship. B laum ex tended the 
measur ing capabil i ty of the ISOLTRAP exper i -

Freeman Dyson (left) and Valéry Rubakov. 

S u b r a h m a n y a n Chandrasekhar . 
S inha receives the award for his susta ined 

and outs tanding contr ibution to the field of 
q u a r k - g l u o n p lasma ( Q G P ) physics, 
proposing signals for Q G P that are now used 
as an essent ia l part of the exper imental set 
u p for the nuc leus -nuc leus p rogramme at the 
Relativistic Heavy Ion Coll ider at Brookhaven 
and for the future Large Hadron Coll ider at 
C E R N . He has also contr ibuted signif icantly to 
the consequences of the density 
inhomogene i ty created in the early universe 
due to a possible first-order phase transit ion 
f rom Q G P to hadrons. In addi t ion, S inha has 
been responsib le for establ ishing an 

Gustav Hertz Prize 
ment at C E R N ' s ISOLDE facility by install ing a 
source of carbon clusters. These provide the 
reference of choice for precision mass spec­
t rometry, s ince the atomic mass s tandard is 
based on the mass of 1 2 C . Using carbon 
clusters as mass references in this w a y 
al lows ISOLTRAP to make higher precision 
and absolute atomic mass measuremen ts 
on short- l ived isotopes. 

field theory, not only in Q E D . Nowadays , Dyson 
is working on ecological problems, in particular 
the issue of global warming. 

Rubakov, w h o receives the prize for the 
theoretical analysis of the baryonic asymmet ry 
of the universe at the electroweak scale, is one 
of the best known Russian theorists. His popu­
lar papers include those on monopole 
catalysis and , together with Vladimir Kuzmin 
and Mikhael Shaposhn ikov , on the effect of 
electroweak non-conservat ion of baryon and 
lepton numbers at high temperatures, currently 
a cornerstone of modern astroparticle physics. 
Recent ly, Rubakov has been working on the 
brane wor ld ; indeed, he and Shaposhn ikov 
suggested the possibility that we are living on a 
brane as early as 1983. These ideas have 
been greatly boosted by recent deve lopments . 

international ly recognized school of Q G P 
physicists in India, which carries out exper i ­
ments in relativistic heavy- ion coll isions at 
C E R N and Brookhaven . 

Kaw, an international ly acc la imed p lasma 
physicist , has m a d e severa l p ioneer ing contri­
but ions to t he phys ics of nonl inear col lect ive 
p h e n o m e n a in p lasmas and magnet ical ly 
conf ined fusion p lasmas. T h e s e contr ibut ions 
include the l ase r -p l asma interact ion, 
thermonuc lear fus ion and astrophysical dusty 
p lasmas. He has also been mainly respon­
sible for start ing a major p rogramme in 
p lasma research and thermonuc lear fusion at 
the Institute for P lasma Research in India. 
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New Year knighthood 
for Tim Berners-Lee 
T im Berners-Lee has been awarded his 
country 's highest honour - a knighthood - in 
the UK's New Year ' s Honours List for his work, 
whi le at C E R N , on the "Wor ld Wide W e b " . The 
idea for the W e b goes back to March 1989 
when Berners-Lee wrote a proposal for a 
"Distr ibuted Information Managemen t 
S y s t e m " f o r t he high-energy physics c o m m u ­
nity. By Chr istmas 1990 this had become the 
Wor ld Wide W e b , with its first servers and 
browsers running at C E R N . On 30 April 1993 
CERN issued a s ta tement declar ing that the 
sof tware was in the public doma in , thus 

opening the f loodgates to W e b deve lopment 
around the wor ld . 

In the s a m e honours list Roger Cashmore 
has been made a Compan ion of the Order of 
St Michael and St George ( C M G ) "for his 
serv ices to international co-operat ion in 
particle phys ics" . Cashmore was C E R N ' s 
director for coll ider p rogrammes between 
1999 and 2003 , and is now principal of 
Brasenose Col lege, Oxford. Chris Damerel l of 
the Rutherford Appleton Laboratory has also 
received the Order of the British Empire ( O B E ) 
for serv ices to particle physics. 

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

DESY holds colloquium for Schmidt-ParzeM 
On 27 November 2003 the Facul ty of Phys ics 
at Hamburg Universi ty and the D E S Y 
laboratory held a specia l co l loqu ium - a 
"Fes tko l loqu ium" - in honour of Wal ter 
Sch m i dt-Pa rzef a 11, w h o retired on 31 March . 
After s tudy ing in Gôt t ingen and Kar lsruhe, 
Schmidt-Parzefal l jo ined the group of Klaus 
Winter at C E R N in 1970, where he was 
involved in exper iments at the Intersect ing 
Storage Rings and in the preparat ion of the 
C H A R M neutr ino exper iment . He then wen t to 
D E S Y in 1977 to work at the DORIS 
e lec t ron-pos i t ron coll ider, where as 
spokesperson of DASP (be tween 1977 and 

Walter Schmidt-Parzefall (right) and Michael 
Danilovat the Festkolloquium in November. 

1980) and A R G U S (be tween 1978 and 
1990) he p layed a decis ive role in both 
exper iments , contr ibut ing to the 
outs tanding scienti f ic results of the A R G U S 
col laborat ion. He became professor at the 
Universi ty of Hamburg in 1990, and was 
e lected director of the 2nd Institute of 
Exper imenta l Phys ics one year later. 
Schmidt-Parzefal l is seen in the picture with 
Michael Dani lov of the Moscow Institute for 
Theoret ica l and Exper imenta l Phys ics. 
Dani lov rev iewed "20 Years with A R G U S " 
f o r t h e approx imate ly 300 part ic ipants 
at the Festko l loqu ium. 

J C Sens celebrates 
his 75th birthday 
One of the pioneers of the first muon g-2 
exper iments at C E R N , " H a n s " (J C) Sens , 
celebrated his 75th bir thday on 30 November 
2003 . Sens , who gained his PhD work ing on 
muons with Valentin Telegdi at the University 
of Ch icago, came to C E R N in 1958 at the 
s a m e t ime as Leon Lederman , and together 
they initiated a study of the methods for 

measur ing the muon g-2. In 1966, after 
work ing on var ious exper iments with muons , 
Sens left C E R N to join the Foundat ion for 
Fundamenta l Research on Matter in the 
Nether lands and the University of Utrecht. 
With the advent of the Intersecting Storage 
Rings ( ISR) at C E R N , he became spokesman 
of the C E R N - H o l l a n d - L a n c a s t e r - M a n c h e s t e r 
col laborat ion at the ISR. 

In 1976, whi le on leave of absence in the 
U S , Sens jo ined Lederman 's exper iment that 
d iscovered the upsi lon particle and hence the 
fifth quark, "bo t tom" or "beauty" . He later 

spent seven years at SLAC (be tween 1979 
and 1986) work ing with fel low Dutch 
col laborators on e lec t ron-pos i t ron and 
p h o t o n - p h o t o n col l is ions at the PEP coll ider. 
S e n s then returned to particle physics at 
C E R N , and worked on the deve lopment of 
the analys is p rograms f o r t h e L3 exper iment 
at the Large Electron Positron collider. He 
retired in 1993, but has s ince spent t ime 
as a visit ing scient ist at the Academica 
Sinica and the Nat ional Central Universi ty of 
T a i w a n , and is now at the Institut 
Non-Linéaire de Nice. 

C E R N C o u r i e r January/February 2004 45 



PEOPLE 

NIKHEF appoints Karel 
Gaemers as new director 
Karel Gaemers has been appointed director 
ad interim of NIKHEF, the Dutch national 
institute for subatomic physics, as of 1 
January 2004. Gaemers has been full profes­
sor in theoretical physics at the University of 
Ams te rdam since 1980, and served as sc ien­
tific director of the high-energy physics sect ion 
of NIKHEF between 1989 and 1995. He was 

Albrecht Wagner , the cha i rman of the board 
of directors of the DESY research centre, will 
officiate for a further f ive years after the 
complet ion of his first term of office in Ju ly 
2004 . Th is decis ion w a s made by the 
Adminis t rat ive Counci l of the research 
centre at its meet ing on 4 December 2003 , 
and was on the basis of a recommenda t ion 
by the DESY Scientif ic Counc i l . 

W a g n e r has worked on exper iments at 
D E S Y s DORIS and PETRA storage rings, and 
at C E R N . In 1991 he took up a post as 
professor of exper imenta l phys ics at the 
Universi ty of Hamburg and b e c a m e the 
research director of DESY. W a g n e r took over 
as the chair of the D E S Y board of directors 
in Ju ly 1999. 

Anthony (Tony) T h o m a s has accepted the 
position of chief scientist and head of the 
Theory Group at Jefferson Lab. T h o m a s brings 
30 years of experience in nuclear and particle 
physics to Jefferson Lab, where he will lead an 
internationally recognized theory group. His 
interests include chiral symmet ry , lattice Q C D , 
quark models, structure funct ions, nuclear 
forces, symmetr ies and symmet ry breaking. 

a member of CERN 's scientific policy commit­
tee between 1996 and 2002 , and has also 
been a member of the extended scientif ic 
counci ls of DESY and RECFA (Restr icted 
E C F A ) , and of the execut ive commit tee of the 
European Physical Society. Former NIKHEF 
director Jos Engelen has moved on to C E R N to 
become chief scientific officer (see p5) . 

T h o m a s comes to Jefferson Lab from a 
position as Elder Professor of Physics - the 
chair first held by Will iam Henry Bragg - in the 
Depar tment of Physics and Mathematical 
Physics at the University of Adelaide in 
South Austral ia. He is also director of the 
Special Research Centre for the Subatomic 
Structure of Matter and the National Institute 
for Theoret ical Physics. 

.. .while Henning 
continues at GSI... 
The governmental supervisory board of the 
German heavy-ion research centre, GSI 
(Gese l l scha f t fu rSchwer ionenfo rschungmbH) 
Darmstadt, has extended the term of office of 
Walter Henning as scientific director until 31 
March 2007. Henning has held this position 
since 1 October 1999, during which t ime the 
GSI Future Project was proposed and approved. 
In this project a double-ring facility of 1100 m 
circumference will be built by 2012, fol lowed 
by a system of cooler-storage rings and various 
experimental halls. The project is expected to 
cost € 6 7 5 million and will be funded by the 
German federal government and the state of 
Hesse. Promoting the Future Project while mini­
mizing interference with existing experiments 
and commissioning the therapy accelerator at 
the University Hospital, Heidelberg, are 
Henning's main goals for the coming term. 

DESY director-general stays in 
office for another five years... 

.. .and Jefferson Lab announces Thomas 
as the new head of its Theory Group 
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New initiative benefits Greek students 

In 2003 the CERN summer students from the National Technical University of Athens 
(NTUA) included four sponsored through the newly established CERN-NTUA educational 
agreement, as well as two who participated under the standard CERN summer student 
scheme. Here Magda Lola of the CERN Recruitment Service (third from left), Evangelos 
Gazis of NTUA (centre) and Claude Détraz, director for fixed target and future programmes 
at CERN (fourth from right), pose with all six students, from left to right, Dimitris Skipis, 
Dimitris Kouzis-Loukas, llias Holis, Dimitris Perrakis, Iro Koletsos and Nassia Assiki. 

T h e National Technical Universi ty of A thens 
( N T U A ) is Greece 's oldest and most presti­
gious educat ional institution in the field of 
technology, and has a long tradit ion in 
nuclear and high-energy physics research and 
in the deve lopment of detectors and electron­
ics instrumentat ion. Nicholas Christofi los, 
whose pioneering work contr ibuted to the 
deve lopment of induction accelerat ion at the 
Lawrence Livermore National Laboratory in 
the US, was an NTUA graduate, and Theodore 
Kouyoumzel l is , professor at NTUA, was the 
Greek scientific delegate at C E R N for many 
years and put his personal s tamp on the 
deve lopment of high-energy physics both at 
NTUA and in Greece. Now this tradit ion is 
cont inuing with a new initiative, through which 
physics and engineer ing s tudents f rom NTUA 
can benefit f rom t ime at C E R N . 

In 2002 NTUA set up, through former rector 
Themistokl is Xanthopou los and his col leagues 
S imos S imopoulos ( former vice-rector) and 
Evangelos Gazis, an agreement for a 
C E R N - N T U A educat ional protocol , under 
wh ich students from NTUA can participate in 
C E R N ' s educat ional activit ies (as summer , 
technical and doctoral s tudents and as 
fe l lows) . This protocol provides a special 
a r rangement for the acceptance of NTUA 
students, with f inancial suppor t f rom NTUA 
complement ing suppor t f rom C E R N . 

T h e s u m m e r of 2003 saw the first results of 
the agreement when four NTUA students f rom 
the faculty of Appl ied Mathemat ical and 
Physical Sc iences received sponsorsh ip to 

T h e president of the Italian republic, Carlo 
Azegl io Ciampi , visited C E R N on 2 December , 
where he met some of the Italians work ing at 
C E R N . Italians are the second- largest 
nationality at C E R N , number ing around 1500, 
which is about one-sixth of the total number of 
visitors and staff work ing at the laboratory. 
The president visited the CMS assembly hall 
and the LHC superconduct ing magnet test 
hall before meet ing the C E R N communi ty , in 

attend the CERN summer student p rogramme. 
In addi t ion, two more NTUA students f rom the 
Faculty of Electrical and Computer 
Engineer ing received normal CERN s u m m e r 
s tudentsh ips, and so a small NTUA student 
commun i ty made its appearance at C E R N . 

The excel lent results of the students and 
their enthusiast ic feedback have conf i rmed 
that NTUA should cont inue this effort. The stay 
in the unique learning env i ronment of C E R N is 
seen as providing the students with a big 

particular Italian personnel , in the main 
audi tor ium. There he emphas ized the role of 
CERN as a transnat ional model for research 
that has not only achieved great results in 
sc ience but is also a powerful vehic le for 
progress in other fields. " C E R N stands as the 
demonstrat ion of the great results that 
sc ience can achieve [...] when it succeeds in 
getting all the main players in international 
scientif ic co-operat ion invo lved," he sa id . 

push in their careers. Not only is the 
laboratory a major source of new scientific 
and technological knowledge, but the vitality 
of more than 7000 researchers using 
C E R N ' s facilities creates a cont inuous 
exchange of ideas and people f rom all over 
the wor ld . The current NTUA rector Andreas 
Andreopou los and vice-rectors Panagiot is 
Kottis and Manol is Dris are therefore planning 
to cont inue with and improve this successfu l 
educat ional agreement . 

President Ciampi (right) listens intently to 
Fabiola Gianotti of the ATLAS collaboration 
during his visit to CERN in December. 

V I S I T S 

Italian president tours CERN 
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C E R N ' s new di rector-general R o b e r t A y m a r ( second left) w a s present w h e n the 2003 

edi t ion of the "F rance at C E R N " exhib i t ion w a s opened on 23 Sep tember by B e r n a r d F r o i s 

( second r ight) , d i rector of the Depar tmen t for Energy , T ranspor t and Env i ronment of the 

French Ministry for Research and N e w Techno log ies . Here they are seen together w i th , f rom 

left to r ight, J e a n - C l a u d e B r i s s o n , I L O , F r a n ç o i s e L e M o i g n , ass is tant genera l consu l at 

G e n e v a , A l a i n G u i l l o u ë t , head of the economic miss ion in Swi tze r land , French Embassy , 

T h i e r r y B o q u i e n , Ub i f rance, F rench agency for in ternat ional deve lopment of compan ies 

and C l a u d e D é t r a z , d i rector for f ixed ta rgets and fu ture p rog rammes at C E R N . 

M E E T I N G S 

T h e 7 t h D E S Y W o r k s h o p o n E l e m e n t a r y 

P a r t i c l e T h e o r y " L o o p s a n d L e g s in 

Q u a n t u m F ie ld T h e o r y " will take place on 

2 5 - 3 0 April 2004 in Zinnowitz ( U s e d o m 

Is land), Germany. For further information see 

w w w - z e u t h e n . d e s y . d e / t h e o r y / L L 2 0 0 4 . 

T h e I n t e r n a t i o n a l S y m p o s i u m " 4 0 y e a r s of 

c o l l i d i n g b e a m s " ( C 0 L L I D 0 4 ) , a joint 

SLAC-Novos ib i r sk meet ing, will be held at the 

Budker Institute of Nuclear Physics in 

Novosibirsk, Russia, on 1 7 - 1 8 May. T h e 

sympos ium will be dedicated to the anniver­

sary of the first e lec t ron-e lec t ron beam 

coll isions. Its p rogramme will review the history 

of the colliding beam exper iments, d iscuss the 

status of the current p rogrammes and focus on 

the future prospects for high-energy physics at 

e V colliding beam mach ines . For more 

information e-mail co l l id04@inp.nsk.su or see 

www. inp .nsk . su /even ts / con f s / co l l i d04 . 

T h e 9 t h T o p i c a l S e m i n a r o n " I n n o v a t i v e 

p a r t i c l e a n d r a d i a t i o n d e t e c t o r s " will take 

place at the University of S iena , Italy, f rom 

2 3 - 2 6 May. At tendance will be by invitation. 

Interested physicists should write to the orga­

nizing commit tee, indicating name, address, 

affiliation and , if appl icable, the title of a 

contr ibut ion. The deadl ine for submit t ing an 

abstract is 15 March . For further information 

see www.bo. in fn . i t / smin ia to /s iena04.h tml . 

N e u t r i n o 2 0 0 4 - T h e 21st 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 N e u t r i n o P h y s i c s a n d 

A s t r o p h y s i c s , will be held in Collège de 

France, Paris, on 14 -19 June. The scientific 

programme will cover the latest developments 

in neutrino physics, astrophysics and related 

topics through a set of invited talks and a 

poster sess ion. Participation is by invitation. For 

more details see ht tp: / /neutr ino2004. in2p3.fr . 

Q C D 0 4 , t h e 11th M o n t p e l l i e r I n t e r n a t i o n a l 

C o n f e r e n c e , will be held on 5 - 9 July. As in 

previous years, different theoretical and experi­

mental aspects of quantum chromodynamics 

will be d iscussed, and contributions f rom 

young post-docs will be encouraged. For 

further information see www. lpm.univ-

montp2. f r :6714/ ~qcd /qcd .h tm l . 

H E P - M A D 0 4 , t h e 2 n d M a d a g a s c a r 

I n t e r n a t i o n a l C o n f e r e n c e in H i g h - E n e r g y 

P h y s i c s , will be held from 26 September to 2 

October. The conference, which is part special­

ized meeting and part introductory school , will 

discuss different aspects of high-energy and 

P e t r M a r e s , depu ty pr ime minister for 

research and deve lopmen t , h u m a n r ights 

and h u m a n resources of the Czech 

Repub l ic , v is i ted C E R N on 9 December 

2 0 0 3 . Wh i l e at the laboratory, he toured the 

assemb ly hal ls and underg round cavern for 

the A T L A S exper iment , the test faci l i ty for 

the L H C superconduc t ing magne ts , the 

ma in compu te r cent re and the underg round 

cavern f o r t h e A L I C E exper iment . Here , he is 

s e e n , on the left, in an A L I C E c leanroom 

toge ther w i th F r a n t i s e k K o z e l , deputy 

minister of v ice pr ime minister, and 

W o l f g a n g K l e m p t f rom C E R N / A L I C E ( r igh t ) . 

astroparticle physics. For more details see www. 

lpm.un iv -montp2. f r :6714/~qcd/hep.h tml . 

C H E P '04 , the next in the series of comput ing 

in high-energy physics conferences, will take 

place in Interlaken, Switzer land, from 27 

September to 1 October. The CHEP 

conferences provide an international forum to 

exchange information on comput ing experience 

and the needs of the communi ty , and to review 

recent, ongoing and future activities. CHEP '04 

is organized by C E R N , on the occasion of its 

50th anniversary. Registration should open 

early in 2004. For further details see 

www.chep2004.org . 

T h e I E E E 2 0 0 4 N u c l e a r S c i e n c e 

S y m p o s i u m , M e d i c a l I m a g i n g C o n f e r e n c e , 

S y m p o s i u m o n N u c l e a r P o w e r S y s t e m s 

a n d 14th I n t e r n a t i o n a l W o r k s h o p o n R o o m 

T e m p e r a t u r e S e m i c o n d u c t o r X - a n d 

G a m m a - R a y D e t e c t o r s will be held in Rome 

on 1 6 - 2 2 October. This conference represents 

a unique occasion for scientists and engineers 

to participate and present their work in a 

variety of subjects related to nuclear sc ience 

and medical imaging. T h e deadl ine for the 

submiss ion of abstracts is 15 May. For further 

information see h t tp : / /nss-mic- r tsd-

2004.d f .un ip i . i t /nsshome2004.h tml . 
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Jan Kwiecinski 1 9 3 8 - 2 0 0 3 
Jan Kwiecinski , head of the Depar tment of 

Theoret ical Physics at the Henryk 

Niewodniczanski Institute of Nuclear Physics 

in Cracow, Poland, died unexpectedly on 

29 August 2003. 

Jan graduated from the Jagiel lonian 

University in Cracow in 1960 with a degree in 

theoretical physics. He then devoted his entire 

scientific career to the Institute of Nuclear 

Physics, which was created in 1955 by Henryk 

Niewodniczanski . There he jo ined the theory 

group formed by Wies law Czyz. The group later 

t ransformed into a department, which was 

headed by Jan from 1988 until his death. 

From the beginning Jan was a very indepen­

dent researcher with a strong mathematical 

background. As Czyz recalls: "At first I made an 

attempt to introduce him to some simple 

problems in nuclear physics, but I quickly 

realized that he was 'a cat who walks his own 

path' ." The theory of strong interactions was the 

major focus of Jan 's research. His early work 

concentrated on the analytical properties of 

amplitudes for high-energy hadron collisions. 

He successfully applied Reggeon calculus to 

the dual theory of the scattering matrix and 

high-energy nuclear collisions. Soon after the 

formulation of quantum chromodynamics 

( Q C D ) , he studied the Regge limit of Q C D , 

which he successfully applied to the description 

of semi-hard processes. In 1980 he wrote a 

seminal paper on a three-gluon exchange with 

odd charge parity, where he derived the odd-

eron equation now widely known as the BKP 

(Barte ls-Kwiecinski -Praszalowicz) equat ion. 

The last 15 years of Jan ' s scientific activity 

were dominated by the physics of deep-

inelastic scattering at smal l va lues of the 

N E W P R O D U C T S 

C O M S O L has announced the release of 

FEMLAB 3, the latest version of FEMLAB, which 

uses the finite-element analysis method to 

solve models of physical phenomena. 

Compared with its predecessor, this new prod­

uct can compute some models as much as 20 

t imes faster while using up to 20 t imes less 

memory. The new software also has access to 

a library of more than 200 completely solved 

and fully documented models of commonly 

Bjorken variable x. His papers with Alan Martin 

were vital for the experimental programme at 

HERA in DESY. Jan was one of the first to 

understand the implications of the increase of 

gluon density at small x on the behaviour of 

the total cross-sections such as in the struc­

ture funct ion F 2 or the minijet cross-sect ion. He 

also pioneered studies of nonlinear parton 

shadowing effects. Recently, with his Cracow 

col laborators, he discovered a new type of 

scal ing in deep-inelastic scattering at small x. 

Jan 's scientific work was strongly va lued by 

experimental ists, who were a lways eager to 

enter into discussions and collaborate with 

him. Together with experimentalist Barbara 

Badelek he wrote important papers on nucléon 

structure functions at low Q 2 , spin structure 

funct ions and nuclear shadowing. In the last 

few years he mostly worked on projects 

oriented towards the future, such as cosmic-

neutrino interactions at the highest energies 

and the application of unintegrated parton 

distributions to Higgs production at the LHC. 

Jan fo rmed col laborat ions with physicists in 

many physics institutes around the wor ld , and 

made lengthy visits to several of t hem. In 

particular he had a long and fruitful col labora­

t ion with the University of Durham in the UK, 

where he was a visiting professor. In all these 

places he made many fr iends, who were 

impressed by the depth of his theoretical 

insight into current exper imental results. 

In recognit ion of his scientific ach ievements 

Jan was elected a member of the Polish 

A c a d e m y of Arts and Sc iences and the Polish 

A c a d e m y of Sc ience. Grey College of the 

University of Durham also awarded him an 

honorary fel lowship. In addit ion, he was a 

encountered systems in fields such as wave­

guides, antennas and micro-electromechanical 

systems. For further details call +44 1865 

338 036 or see www.uk.comsol .com. 

T h a ï e s C o m p u t e r s now offers support for the 

Linux operat ing sys tem for its low-cost, 

low-power V C E 4 0 5 "connect iv i ty eng ine" , 

a rugged single board computer for I /O 

operat ions. T h e company has also announced 

suppor t for 2eSST transfers on V M E sys tems 

running LynxOS. For further information call 

Photo by Teresa Kwiecihska. 

member of the editorial boards of Acta 

Physica Polonica B and the European 

Physical Journal C. 

Jan was also an inspirational teacher. His 

enthus iasm and competence attracted many 

research students, both in Cracow and the 

other places he visi ted. He was always gener­

ous to people, full of trust and respect, and 

ignited others with his enthus iasm. His gentle­

ness in treating people led one of his English 

fr iends to say about h im: "absolutely the kind­

est man I have ever met in my whole life." 

Jan had three great passions in life: 

physics, music and mounta ins. He was a keen 

pianist and members of Grey College can 

fondly recall his per formances, which were 

somet imes p layed in a duet. Jan was also a 

fervent mounta in hiker and skier. His long-

lasting love of mounta ins ended on a 

mounta in trail. He is sorely missed. 

Krzysztof Golec-Biernat and Leonard Lesniak, 

Institute of Nuclear Physics in Cracow. 

+1 800 848 2330 or see the websi te at 

www. tha lescompute rs .com. 

X - t r o n i x has released a new vacuum 

components catalogue, which lists more than 

1500 items with an emphasis on flanges, view­

ports, feedthroughs, gauges and many supplies 

for vacuum and thin-film applications. Some 

300 engineering drawings, pictures and graphs 

support the product descriptions. For further 

details contact Xavier Gorra or Mirjam Tissot, 

tel + 4 1 2 1 8 0 2 5490, or see www.x-tronix.com. 
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CERN Courier we lcomes letters f rom readers. 
Please e-mail cern .cour ier@cern.ch. 
W e reserve the right to edit letters. 

T h a t t h i r d p i o n 
In his recent book Facts and Mysteries in 
Elementary Particle Physics (CERN Courier 
October 2003 p52) Tini Ve l tman states that 
s o m e people bel ieve Marietta Blau should 
have shared the 1950 Nobel prize with Cecil 
Powell for the deve lopment of the nuclear 
emuls ion technique. He also credits me, 
much too generously, with the d iscovery of 
the pion. Since the d iscovery of the pion and 
of strange particles in 1947 really kick-started 
the 50 year history of high-energy physics at 
accelerators, perhaps I may pass a few com­
ments as one of the last surv ivors of that era. 

T h e deve lopment of the nuclear emuls ion 
method for recording high-energy charged 
particles involved several physicists wor ldwide 
during the 1930s. The work of the V iennese 
ladies Marietta Blau and Hertha W a m b a c h e r 
(an unlikely pair - one a J e w e s s and the other 
an active Nazi party member ) is well known 
(see pXX) . They exposed Agfa emuls ions 
sensit ized with pinakryptol ye l low on the 
Zugspi tze and Hafelekar and recorded a few 
nuclear disintegrations. Comparab le contr ibu­
t ions were made at that t ime by Zhdanov in 
Russia, Powell in Eng land, and Wilk ins, 
Rumbaugh and Locher in the US. However , 
the real breakthrough w a s made in 1946, 
when at the behest of a panel set up by 
B lacke t tand chaired by Rotblat, an industrial 
chemist , C Waller of llford Ltd in Essex, pro­
duced the first "concent ra ted" emuls ions, 
with four t imes the normal ha l ide/ge la t ine 
ratio, sensit ive enough to make the tracks of 

mesons visible for the first t ime. 
With regard to the discovery of the pion, it is 

true that when at Imperial Col lege I publ ished 
the first example of nuclear capture of a 
negat ive pion in January 1947. Occhial ini and 
Powell at Bristol publ ished six more examples 
two weeks later. The first two examples of 
decay at rest of a positive pion to a muon 
(and neutr ino) were publ ished by Lattes, 
Occhial in i , Muirhead and Powell in May 
1947. In the fol lowing July, I observed a third 
example , but al though it appeared in my 
thesis, I never publ ished it. Valer ie Gibson of 
Cambr idge once asked me: " W h y not?" My 
reply was that the two Bristol events gave the 
same range for the muon , convincing me that 
it was a s imple two-body decay. Conf i rmat ion 
from a third event was not really necessary 
and I didn't want to clog the l i terature! 
However , conf irmation for the world at large 
really had to wait until October 1947, when 
the Bristol group publ ished 10 more complete 
p i - m u decays from emuls ions exposed on 
Mount Chaca l taya. 

Tini Ve l tman has kind words for Guiseppe 
(Beppo) Occhial ini , who indeed missed out on 
sharing a Nobel prize with either Blackett or 
Powel l . Occhialini spent the Second World War 
in Brazil, and became a mountain guide. I am 
told that even now if you get lost in the Andes 
and shout "Beppo" loudly enough, people will 
come to your rescue. He is also famous 
through the BeppoSax satellite named after 
h im, which made a major breakthrough in 
pinning down the origin of gamma-ray bursts. 
So Occhial ini 's name lives on . 
Don Perkins, Oxford. 

W h y W e e p f o r I S A B E L L E ? 
I wou ld like to thank the CERN Courier and 
Gordon Fraser for putting out a fair review of 

my rather unusua l book Weep for ISABELLE. 
(CERN Courier N o v e m b e r 2003 p48) . Jus t 
see ing the review in print gave me delight, 
and I really have no bones to pick with it. 
On the other hand , Gordon chose to take a 
s tab at the quest ion of wha t drove me to 
write the book. Th is is precisely the territory, 
that of wha t makes people do what they do , 
that I explore in great depth in my 600-page 
tome . It is a tough place to manoeuv re in, 
fil led with dark a l leys, dead-ends and 
unseen obstac les. Gordon conc ludes that 
I w a s embi t tered by a perceived injustice 
done to me, the obv ious implicat ion being 
that I wrote the book to try to get back at 
those w h o hurt me. It was a catharsis, he 
says , p resumab ly to purge me of the d e m o n s 
of the night. 

Actual ly, his interpretation sounds quite 
logical, quite right. But only f rom a d is tance! 
If you move closer in order to see the reality in 
detai l , you' l l f ind that there is another very 
different picture. T rue , I was devil ishly impa­
tient with those w h o wouldn ' t heed my advice. 
But my reaction w a s not disgrunt lement. In 
fact I naively fought back, becoming a thorny 
provocateur. The truth is that I was having fun 
with the who le dirty business. 

Ironically, in the end , ISABELLE's cont inued 
downhi l l sl ide came to liberate me. I got on 
with my life and built a highly var ied career, 
not only in sc ience but also in government 
management , educat ion, sc ience communi ty 
work, writ ing and now university teaching. In 
short, I happen to be a happy man . As for my 
book, want ing to try my hand at generat ing 
one, I opted to write about a major part of my 
professional life. In doing so , and sticking to 
the principles I w a s brought up wi th, my story 
tells it like it was . 
Mel Month. 

C O R R E C T I O N S 

In the November issue, in the article 
"International interactions at Fermi lab" , on 
p l 7 we s e e Y o u h e i Morita, deputy head of 
the Public Relations Office f rom the KEK 

laboratory, making changes to a poster at 
the Lepton Photon 2003 conference at 
Fermi lab. As the picture clearly shows , the 
poster is f rom the K2K exper iment, not the 
BELLE exper iment as erroneously stated 
in the capt ion. 

A lso in the N o v e m b e r issue, the article 
"F rench industry shows its wa res " in the 
People sect ion (p37 ) was accompan ied by 
a photo f rom a prev ious exhibi t ion, in 
2001 . For this year ' s exhibi t ion, see p48 
of this issue. 

V A C U U M V A L V E S 
N e w 2004 cata logue avai lable: w w w . v a t v a l v e . c o m 

50 C E R N C o u r i e r January/February 2004 

mailto:cern.courier@cern.ch
http://www.vatvalve.com


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

Tel: +44 (0)117 930 1028. Fax: +44 (0)117 930 1178. E-mail: sales@cerncourier.com. 
Rates per single column centimetre: mono $ 7 4 / € 6 8 / f 47, single colour $76 /€71 /£49 , full colour $ 8 0 / € 7 4 / f 51. Please contact us for more information about publication dates and deadlines. 

FACULTY POSITION IN E X P E R I M E N T A L 
HIGH ENERGY PHYSICS 

The Department of Physics at the University of California, Riverside, is seeking an 
outstanding individual for a faculty appointment in experimental high energy 

physics. The appointment will be at the tenure track assistant professor level. The 
position is intended to strengthen our program of electron-positron collision 

physics with the BABAR exper iment at SLAC. UCR has a well establ ished program 
in the area of electron-positron collisions. In addition to BABAR, we participate in 

the OPAL and L3 experiments at L E R T h e Department also has strong efforts in the 
DO and CMS hadron collider programs, theoretical high energy physics, heavy ion 

physics, condensed matter physics, and astrophysics. 
The successful candidate is expected to initiate and maintain a vigorous research 
program with international prominence, and to demonstrate excel lence in teaching 

at both the undergraduate and graduate levels. A Ph.D. in physics and 
postdoctoral experience in experimental high energy physics are required. 

Salary will be competit ive and commensurate with 
qualif ications and level of appointment. 

Candidates should submit a letter of application, curr iculum vitae, statement of 
research interests, and list of publications to: 

Chair, Experimental High Energy Physics Search Committee 
Department of Physics 

University of California, Riverside 
Riverside, CA, 92521-0412 

USA 

Full review of applications will begin January 12 ,2004 . 
The position will remain open until fil led. 

UCR 
UNIVERSITY OF CALIFORNIA, RIVERSIDE 

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

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

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

A R e s e a r c h Assoc iate position is available with the particle physics group at 
T R I U M F and the Universi ty of British Co lumbia working on rare kaon decay 
exper iments E949 and K O P I O at B rookhaven National Laboratory. T h e s e 
challenging discovery-or iented exper iments offer unique potential for probing quark 
mixing and C P violation that is competit ive with and complementary to future B 
phys ics measurements . Participation in other projects associated with the new 
Laboratory for A d v a n c e d Detector Deve lopment ( L A D D ) , such as liquid x e n o n 
detectors, is also possible. In addition to a recent P h D in exper imental particle 
physics, applicants should h a v e strong interest and exper ience in detector 
technologies, electronics, simulation, and data analysis. 

T h e position will be based at T R I U M F , in Vancouver, British Columbia. Applications from 
qualified candidates should include a detailed C V and at least three reference letters sent 
to the following address, or fax, prior to March 31, 2004. T R I U M F Human Resources, 
Competition No. 924, 4004 Wesbrook Mall, Vancouver, B.C. V 6 T 2A3 Canada. Fax: 
(604) 222-1074. For further information contact Douglas Bryman (doug@triumf.ca). 

U N I V E R S I T Y OF T O R O N T O 
D e p a r t m e n t o f P h y s i c s 

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

i n E X P E R I M E N T A L P A R T I C L E P H Y S I C S 

rrm 
! VELUTjI lk/EVO ; 

: ARBOR I 

The Department of Physics at the University of Toronto plans to make a tenure 
track appointment in experimental particle physics at the rank of Assistant 
Professor, with starting date of July 1, 2004. 

The University has a strong experimental particle physics program, consisting of 
seven faculty members playing leading roles in the ATLAS experiment at CERN, the 
CDF-II experiment at Fermilab and the ZEUS experiment at DESY. This is 
reinforced by a strong group in theoretical particle physics and in astrophysics. 
This appointment will allow the candidate to focus on developing a successful 
research program. 

For this position, we seek candidates with a Ph.D. in physics and proven or 
potential excellence in both research and teaching. We invite prospective 
candidates to visit our home page at www.physics.utoronto.ca. The salary will be 
commensurate with qualifications and experience. 

Applicants should submit hard copies only of a curriculum vitae, list of 
publications, and research plan, and must arrange for at least three letters of 
reference, to be sent to: 

Professor Henry M. van Driel, Chair, 
Department of Physics, University of Toronto, 
Toronto, Ontario, Canada M5S 1A7 

Applications will be reviewed beginning March 15,2004 until the position is filled. 

The University of Toronto offers the opportunity to teach, conduct research and 
live in one of the most diverse cities in the world. The University is strongly 
committed to diversity within its community and especially ivelcomes 
applications from visible minority group members, women, Aboriginal 
persons, persons with disabilities, members of sexual minority groups and 
others who may contribute to further diversification of ideas. All qualified 
candidates are encouraged to apply; however, Canadians and permanent 
residents will be given priority 

P o s t d o c t o r a l R e s e a r c h A s s o c i a t e i n P a r t i c l e P h y s i c s 

I n s t i t u t e o f P h y s i c s , A c a d e m i a S i n i c a , T a i w a n 

The Par t ic le P h y s i c s G r o u p a t the A c a d e m i a S i n i c a inv i tes a p p l i c a t i o n s fo r severa l Pos tdoc to ra l 

Research A s s o c i a t e pos i t i ons to s u p p o r t its expe r imen ta l a n d theory p rog rams . V is i t ing Sc ien t i s t 

pos i t ions are ava i lab le for more sen io r cand ida tes . 

A c a d e m i a S in i ca is the lead ing bas ic research inst i tu t ion in T a i w a n . T h e exper imen ta l g roup has 

act ive part ic ipat ion in the C D F , A T L A S , A M S , LEPS exper iments and the GRID project. It a lso heads 

the T E X 0 N 0 neutr ino p rogram and a s o n o l u m i n e s c e n c e project . The theory g roup covers all ma jo r 

areas of part icle phys ics and cosmo logy , part icular ly the s tud ies of B / C P phys ics , cosmic mic rowave 

background and quan tum compu ta t i on . Posi t ions can be m a d e avai lab le in all these f ie lds to match 

the cand ida tes ' research interest. For detai ls , see http://hepmail.phys.sinica.edu.tw/~recrujt. 

App l i ca t i ons ( inc lud ing cur r icu lum v i tae and three reference letters) and inquir ies can be fo rwarded 

t o : Dr. Henry Wong, Institute of Physics, Academia Sinica, Taipei 11529, Taiwan RoC 
(htwong@phys.sinica.edu.tw). A p p l i c a t i o n s a re a c c e p t e d unt i l t he p o s i t i o n s are f i l l e d . W e 

part icular ly w e l c o m e cand ida tes wi th in ternat ional exper ience to app ly . 
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F o u n d a t i o n F O M 

The Foundation for 
Fundamental Research of 
Matter (FOM) stimulates 
and coordinates 
fundamental physics 
research in the 
Netherlands. For that, she 
is enabled by grants from 
the Dutch government 
through the Dutch 
Organisation for Scientific 
Research (NWO). 
FOM receives funds from 
NWO, Euratom, EU and 
several companies. 
The 1000 employees 
approximately, mainly 
scientists (including 
Ph.D. students) and 
technicians, are divided 
over five laboratories and 
approximately 
100 departments at general 
and technical universities. 
FOM -founded in 1946 -
is a foundation recognized 
by NWO. 

DIRECTOR OF THE NATIONAL 
INSTITUTE N I K H E F 

NIKHEF is a joint venture of FOM 
with 4 Dutch universities. 
It co-ordinates experimental high 
energy and astro particle physics in 
the Netherlands. The director of the 
FOM institute for subatomic physics 
NIKHEF is also director of the 
NIKHEF collaboration between FOM 
and these 4 universities. 

FOM is seeking applications/ 
nominations for this important post. 

The FOM institute is one of the three 
scientific institutes of FOM. 
The director of this institute plays a 
dual role, on the one hand guiding 
and directing the scientific, technical 
and administrative functions of the 
laboratory, and on the other hand 
co-ordinating the. national 
programme in subatomic physics 
and the Dutch input in the 
international programmes in these 
areas. As such it is viewed as a 
challenging and crucial appointment 
in the Dutch physics community. 

The director's main task will be to 
develop and guide the scientific 
policy for high energy and astro 
particle physics in the Netherlands. 
The director will have considerable 
responsibility for obtaining funding 
for the institute and for technology 
transfer and outreach. 

Candidates should be established 
physicists of high international 
repute with both scientific vision and 
managerial skills. Ideally they should 

have experience in both the Dutch 
and international arenas with the 
ability to inspire and lead a world 
class laboratory. 
The director will promote the 
position of the institute in the 
broader context of society. 

The successful candidate will be 
offered a permanent appointment by 
FOM. However, the initial 
appointment as director of the FOM 
institute will be for a period of 
5 years with the possibility of 
re-appointment for a further period 
of 5 years. The appointment is at full 
professorial level. 
The terms of employment of the 
foundation (FOM) are subject to the 
collective terms of employment 
(CAO). The employee will become a 
member of the Foundation State 
Employees Pension Scheme (ABP). 

Further information may be obtained 
from either mr. B.J. Geerts, 
(e-mail: ben.geerts@fom.nl) or the 
chairman of the selection committee, 
prof. B. de Wit (e-mail: 
bdewit@phys.uu.nl). 
Nominations and applications, 
which should include a c.v. and list 
of publications should be sent to 
mr. B.J. Geerts, head of the Human 
Resources Department, PO Box 3021, 
3502 Utrecht, The Netherlands. 
The closing date is 20 February 2004. 

Nlj§8JEF 
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T h e C C L R C is a g o v e r n m e n t - f u n d e d sc ience r e s e a r c h o r g a n i s a t i o n . W e p r o v i d e w o r l d l e a d i n g r e s e a r c h fac i l i t ies ac ross a b r o a d 
s p e c t r u m o f sc ience , e n g i n e e r i n g a n d t e c h n o l o g y . T h e e x p e r t i s e o f o u r s ta f f , a n d t h e r e s e a r c h c a r r i e d o u t a t o u r t h r e e 
l a b o r a t o r i e s , a re i n t e r n a t i o n a l l y - r e n o w n e d . 

RESEARCH POSITIONS IN EXPERIMENTAL PARTICLE PHYSICS 
(ATLAS) ( V N 2 4 9 1 / C C ) 
T h e Par t ic le Physics D e p a r t m e n t has t w o vacanc ies t o w o r k o n t h e A T L A S si l icon t r a c k e r s y s t e m (SCT) a n d o n t h e d e v e l o p m e n t 
o f a r e a l - t i m e sys tem f o r t h e A T L A S Leve l -2 t r i g g e r . T h e r e w i l l be o p p o r t u n i t i e s t o t a k e a s ign i f i can t r o l e in t h e i n t e g r a t i o n a n d 
f i na l c o m m i s s i o n i n g w o r k at C E R N , a n d in t h e p r e p a r a t i o n f o r L H C physics analys is . 

A p p l i c a n t s m u s t h a v e a P h D in e x p e r i m e n t a l par t i c le phys ics , o r e q u i v a l e n t e x p e r i e n c e . 

O n e a p p o i n t m e n t w i l l be f i x e d - t e r m f o r t h r e e y e a r s , a n d w i l l sui t app l i can ts s e e k i n g t o d e v e l o p t h e i r in terests a n d expe r t i se in 
e i t he r o f t h e a b o v e m a j o r areas. T h e o t h e r a p p o i n t m e n t w i l l be an es tab l i shed post , a n d t h e successfu l c a n d i d a t e w i l l h a v e 
e x p e r t i s e in o n e o f t h e a reas o f w o r k o u t l i n e d a b o v e as w e l l as t h e p o t e n t i a l f o r l e a d e r s h i p a n d p ro j ec t m a n a g e m e n t . A p p l i c a n t s 
s h o u l d ind ica te w h e t h e r t h e y a re a p p l y i n g f o r t h e f i x e d - t e r m post , t h e es tab l i shed post , o r b o t h . 

F u r t h e r i n f o r m a t i o n a b o u t t h e S C T p o s t c a n b e o b t a i n e d f r o m D r M i k e T y n d e l (Tel +44 (0)1235 445246, ema i l : m . t y n d e l @ r l . a c . u k ) 
a n d at h t t p : / / w w w . c c l r c . a c . u k / a c t i v i t y / s e c t i o n = 5 2 1 0 Fo r t h e L e v e l - 2 p o s t f u r t h e r i n f o r m a t i o n can b e o b t a i n e d f r o m D r F r e d 
W i c k e n s (Tel +44 (0)1235 445737, emai l : f .w i ckens@r l . ac .uk ) a n d at h t tp : / /www.cc l rc .ac .uk /ac t i v i t y /sec t ion=5209 

T h e s tar t ing salary f o r t h e f i x e d - t e r m post is in t h e r a n g e £20,630 t o £25,790, a n d f o r t h e es tab l ished post is in t h e r a n g e £26,190 t o 
£32,740, (pay a w a r d p e n d i n g ) . 

A l l appl icat ions mus t be r e t u r n e d b y 20th F e b r u a r y 2004. I n t e r v i e w s w i l l be he ld in m id -March 2004. 

RF PHYSICIST ( V N 2 4 8 8 / C C ) 
ISIS is t h e w o r l d ' s mos t p o w e r f u l s o u r c e o f pu l sed n e u t r o n s a n d m u o n s . It c u r r e n t l y o p e r a t e s 25 n e u t r o n a n d m u o n i n s t r u m e n t s , 
w h i c h p r o v i d e scient ists a n d e n g i n e e r s w i t h u n i q u e t oo l s f o r s t u d y i n g t h e s t r u c t u r e a n d d y n a m i c s o f ma te r i a l s o n t h e 
a t o m i c / m o l e c u l a r scale. ISIS is based at t h e C o u n c i l f o r t h e C e n t r a l L a b o r a t o r y o f t h e Resea rch Counc i l s ( C C L R C ) in O x f o r d s h i r e . 
T h e s o u r c e is d r i v e n b y a n 800 M e V p r o t o n s y n c h r o t r o n , a n d a ve rsa t i l e physic is t w i t h subs tan t i a l e x p e r i e n c e o f RF is r e q u i r e d 
t o w o r k o n t h e s y n c h r o t r o n RF s y s t e m cons is t ing o f s w e p t f r e q u e n c y f e r r i t e l o a d e d b e a m acce le ra t i ng cav i t ies a n d t h e i r 
t h e r m i o n i c v a c u u m t u b e d r i v e r s . 

T h e successfu l app l i can t w i l l be e x p e c t e d t o : 

• w o r k w i t h ex is t ing RF e x p e r t s o n t h e six RF sys tems a l r e a d y ins ta l led o n t h e s y n c h r o t r o n , a n d t o p r o p o s e s t ra teg ies f o r 
e n s u r i n g e f f ec t i veness a n d re l iab i l i t y o f t h e s y s t e m o v e r t h e n e x t t w o decades . 

• w o r k o n c o m m i s s i o n i n g f o u r n e w RF sys tems p r o v i d i n g a s e c o n d h a r m o n i c a d d i t i o n t o t h e RF w a v e f o r m s a l r e a d y p r e s e n t in 
t h e s y n c h r o t r o n . 

• pa r t i c i pa te in e x p e r i m e n t a l a c c e l e r a t o r phys ics w o r k w i t h a v i e w t o e n h a n c i n g t h e p e r f o r m a n c e o f t h e s y n c h r o t r o n RF s y s t e m 
as a w h o l e . 

In t h e in te res t o f k e e p i n g ISIS f u l l y o p e r a t i o n a l , w i l l i n g n e s s t o r e s o l v e fau l t s a n d p r o b l e m s in t h e RF sys tems d u r i n g s i lent h o u r s 
w o u l d be a n a d v a n t a g e . 

T h e c a n d i d a t e w o u l d be e x p e c t e d t o h a v e a d e g r e e in phys ics a n d p r o v e n e x p e r i e n c e o f par t i c le a c c e l e r a t i o n in RF f ie lds . 
E x p e r i e n c e o f la rge-sca le fac i l i t y o p e r a t i o n a l e n v i r o n m e n t s w o u l d be a n a d v a n t a g e . 

T h e sa la ry r a n g e is b e t w e e n £26,190 a n d £32,740 ( p a y a w a r d p e n d i n g ) . 

Further information on this post is available f rom Adr ian Morris, Leader, Synchrotron and Electrical Engineering Group, e-mail 
a.morris@rl.ac.uk or David Findlay, Act ing Head, ISIS Accelerator Division, e-mail d.j.s.findlay@rl.ac.uk 

A l l applications must be returned by 9th February 2004. 

Salaries on appointment are awarded according to relevant experience. A n excellent index linked pension scheme and a 
generous leave allowance are also offered. 

More information about CCLRC and these posts is available f rom CCLRC's Wor ld Wide W e b pages at http: / /www.cclrc.ac.uk. 

Appl icat ion forms can be obtained f rom: Operations Group, HR Division, Rutherford App le ton Laboratory, Chi l ton, Didcot, 
Oxfordshire, OX11 0QX. Telephone (01235) 445435 (answerphone) or email recruit@rl.ac.uk quoting the appropriate 
reference number. 

CCLRC is committed to Equal Opportunit ies. 

F P C C L R C 
INVESTOR IN PEOPLE 

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

General Manager 
WWW.DANTE.NET 

L o c a t i o n : C a m b r i d g e - U K E x c e l l e n t P a c k a g e + R e l o c a t i o n 
DANTE, (Delivery of Advanced Network Technology to Europe), is owned by 15 National Research and Education Networks (NRENs) to 
plan, build and operate the pan-European research network, www.geant .net . Its 30 staff representing 12 different nationalities 
ensure that project results are delivered on time, to budget and with high levels of reliability. With a turnover of in excess of €50 
million, DANTE acts as the managing partner of European networking and related projects. The company also serves as a secretariat 
and undertakes management and coordination functions on behalf of the other project partners, as wel l as being responsible 
for building, managing and operating the network itself. 
Due to the impending retirement of one of the ' two General Managers, w e are seeking an individual to take responsibility for 
the running of DANTE overseeing its technical direction, contractual relationships w i t h the European Commission, and contact 
w i t h partners. The General Manager wi l l share joint responsibility for all management and staff issues and also for public 
relations and communications. 
The Role: 
• Leading the team to undertake and co-ordinate pan-European 

research networking on behalf of the NRENs. 
• Strategic and motivational day-to-day leadership of the team, 

overseeing the operation and development of the pan-European 
Research & Education network. 

• Liaison with the European Commission and project partners, 
developing policy and strategy with regard to European research 
and education networking. 

e - m a i l : r e s p o n s e . m a n a g e r @ o d g e r s . c o m 
F a x : + 4 4 ( 0 ) 2 0 7 5 2 9 1 0 0 0 • w w w . o d g e r s . c o m 

S w i s s C e n t r e f o r 

S c i e n t i f i c C o m p u t i n g 

( C S C S ) ; 
M a n n o , T i c i n o , S w i t z e r l a n d 

T h e C S C S , in c lose co l laborat ion wi th 
p rominent Sw iss academ ic and 

research inst i tut ions, p lans a 
substant ia l d e v e l o p m e n t in 

Grid comput ing and data centr ic 
Gr ids . A s part of th is b road 

p rogram w e are p leased to of fer 
new posi t ions in Grid t echno logy 
appl ied to part ic le phys ics and 

b iomedica l sc ience . 
W e invite y o u to visit our webs i te 

www.cscs.ch 
to f ind out abou t this exci t ing 

d e v e l o p m e n t and the interest ing 
posi t ions ava i lab le . 

Contact: 
L. Gilly, HR Officer, 
CSCS, Galleria 2, 

Via Cantonale, 
6928 Manno, Switzerland; 

e-mail: lgilly@cscs.ch 

The Candidate: 
• A knowledge of technology, networking and the internet and 

how they can be used to support the strategic objectives of 
research and education. 

• Previous experience in a partner/stakeholder liaison role 
preferably in a European context. 

• A knowledge of the European NREN community through previous 
work in or with the education or research sectors is desirable. 

Please reply in confidence, wi th full career and current salary 
details, quoting reference JG/5967C 

O d g e r s R a y & B e r n d t s o n , 11 H a n o v e r S q u a r e , 
L o n d o n W 1 S 1 J J , U K • T e l : + 4 4 ( 0 ) 2 0 7 5 2 9 1111 

bright futures 
Diamond Light Source Ltd. is currently constructing the iargest scientific facility to he built in the UK for 1 

30 years. The Diamond synchrotron light source, located at Chilton, will consist of three accelerators - a 
100 MeV linac, a 3 GeV booster synchrotron and a 562m circumference 3 GeV storage ring - and an initiai 
complement of 7 beamlines which will be operational for users from 2007. 

Exciting opportunities with Diamond 
PHYSICISTS/ENGINEERS 
Salary will be in the range £35k - £48k for Group Leader positions, £2lk - £40k for other positions depending 
on relevant skills and experience. 
V a c a n c i e s exist for phys ic is ts and eng ineers at va r ious levels within the Techn ica l Div is ion to suppor t 
activit ies in the fo l lowing areas: 

• Acce le ra to r phys i cs • Insert ion dev i ces 
• Rad io - f requency s y s t e m s • B e a m d iagnost ic and f eedback s y s t e m s 

Please see our website for further details and specific job numbers. 

HEALTH PHYSICISTS r e f d i a o o 3 4 
Salary will be in the range £21K - £40K depending on relevant skills and experience. 
Phys ic is ts are requ i red in the Heal th Phys i cs g r o u p to deal wi th the radiat ion safety aspec ts of the 
commiss ion ing , opera t ion and deve lopmen t of the D i a m o n d acce lera tors a n d beaml ines . 
F u r t h e r i n f o r m a t i o n a b o u t D i a m o n d L igh t S o u r c e a n d t h e s e pa r t i cu la r p o s t s is a v a i l a b l e f r o m o u r w e b s i t e 
w w w . d i a m o n d . a c . u k o r c o n t a c t o u r r e c r u i t m e n t t e a m o n 01235 445435 ( a n s w e r p h o n e ) , 01235 445943 ( fax n u m b e r ) 
f o r a n app l i ca t i on f o r m q u o t i n g t h e a p p r o p r i a t e r e f e r e n c e n u m b e r . E l e c t r o n i c a p p l i c a t i o n s a r e p r e f e r r e d a n d s h o u l d 
b e s e n t to r e c r u i t m e n t @ d i a m o n d . a c . u k 

diamond Closing date for applications: 30th January 2004 
Interviews will take place towards the end of February 2004. 

Diamond Light Source Ltd, Rutherford Appleton Labor 
Chilton. Didcot, Oxfordshire 0X11 OQX 
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Deutsches Elektronert-Syr icf i rotron 

D E S Y Is w o r l d - w i d e o n e o f t h e l ead ing a c c e l e r a t o r c e n t r e s 
e x p l o r i n g t h e s t r u c t u r e o f mat ter . T h e m a i n r e s e a r c h a r e a s 
r a n g e f r o m e l e m e n t a r y pa r t i c l e p h y s i c s o v e r v a r i o u s app l i ­
c a t i o n s o f s y n c h r o t r o n rad ia t i on t o t h e c o n s t r u c t i o n a n d u s e o f 
X - r a y l a s e r s . 

For the running of Free-Electron Lasers like T T F 2 - F E L and X F E L 
electron sources with excellent beam quality are needed. For the 
development of such electron guns a test facility for RF photo 
injectors is running and will be substantially upgraded at DESY 
Zeuthen. The development of photoinjectors is based on detailed 
measurements, corresponding simulations and further develop­
ment of theoretical models. The laboratory in Z e u t h e n (near Berlin) 
is searching for a 

D S t d o c (m/f) 

for participating in the photoinjector project. You should have a 
Ph.D. in physics and be under 33 years of age. You have substan­
tial knowledge and professional experience in one or more of the 
following fields: accelerator physics, electron beam dynamics, 
software development for data acquisition systems, hardware de­
velopment of subsystems of accelerators or beam diagnostics sy­
stems. You are expected to take responsibility for sub-projects 
and will contribute significantly to the experiments, the upgrade 
and optimization of the electron source. You like to work in a moti­
vated team of physicists and engineers and have a good know­
ledge of the English language. In the framework of the position 
shift work may be necessary at times. 

Contact to project group: Dr. F. Stephan, phone +49-(0)33762~ 
77338, e-mail frank.stephan@desy.de 

The position is limited to 2 years at the beginning. 

Salary and benefits are commensurate with public service organi­
sations. DESY operates flexible work schemes, such as flexitime 
or part-time work. DESY is an equal opportunity, affirmative action 
employer. 

D e u t s c h e s E l e k t r o n e n - S y n c h r o t r o n D E S Y 
member of the Heimhoitz Association 

code: 76/2003 • Platanenallee 6 • D-15738 Zeuthen » Germany 
Phone +49-(0)33762-77338 • www-zeuthen.desy.de 
e-mail: personai.abteilung~zeuthen@desy.de 

D e a d l i n e f o r a p p l i c a t i o n s : 15.02.2004 

WÊÊÊÊÊÊKKÊIKÊÊKÊÊÊKKÊÊÊÊÊÊKÊÊÊÊÊKÊÊÊÊÊÊÊÊÊÊÊÊÊ 

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

O X F O R D 

D e p a r t m e n t a l L e c t u r e r a n d R e s e a r c h A s s i s t a n t 

i n R & D f o r t h e n e x t L i n e a r C o l l i d e r 
T h e S u b d e p a r t m e n t o f P a r t i c l e P h y s i c s , U n i v e r s i t y o f O x f o r d , i s s e e k i n g t w o o u t s t a n d i n g 

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

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

c o l l i d e r ( L C ) . T h e a c t i v i t i e s i n v o l v e h a r d w a r e a n d s o f t w a r e d e v e l o p m e n t ; o n e p o s i t i o n w i l l 

b e o n t h e L i C A S p r o j e c t , w h o s e a i m is t o p r o v i d e a s u r v e y a n d a l i g n m e n t s y s t e m f o r t h e 

L C ; t h e o t h e r w i l l b e o n t h e L a s e r - W i r e p r o j e c t , w h i c h a i m s t o p r o v i d e a b e a m - p r o f i l e 

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

c o n c e r t e d U K e f f o r t t o d e v e l o p a b e a m - d e l i v e r y s y s t e m f o r a f u t u r e L C . 

A h i g h l y q u a l i f i e d s u c c e s s f u l c a n d i d a t e w i l l b e e m p l o y e d b y t h e U n i v e r s i t y o f O x f o r d a s a 

D e p a r t m e n t a l L e c t u r e r f o r a f i x e d t e r m o f u p t o 6 y e a r s . A R e s e a r c h A s s i s t a n t a p p o i n t m e n t 

is f o r a n in i t ia l f i x e d t e r m o f 3 y e a r s w i t h s o m e p o s s i b i l i t y o f r e n e w a l f o r o n e m o r e y e a r . 

The appl icat ion deadline is 20th February 2004. Further part iculars about 

the post and information on h o w to apply are available at 

ht tp: / /www.physics .ox .ac .uk /pnp/ jobs/LC-DL-RA-fp .htm or from Mrs Sue Geddes, 

+44 (0)1865 273353. Informal enquiries about the projects and these posts may be 

made to Dr Armin Reichold (a.reichold@physics.ox.ac.uk). 

The University is an Equal Opportunities Employer. 

RIKEN BNL 
Research Center 

Brookhaven National 
Laboratory 

SCIENTIFIC STAFF POSITIONS 
Strong Interaction Theory 

T h e R I K E N B N L R e s e a r c h Cen te r ( R B R C ) at B r o o k h a v e n National 
Labo ra to ry ( B N L ) car r ies out a theoret ica l research p r o g r a m 
f o c u s e d on the phys i cs of the Relat ivist ic H e a v y Ion Col l ider 
(RH IC ) , h e a v y ion react ions, hard Q C D / s p i n phys i cs , and lattice 
Q C D . M e m b e r s of the cen ter w o r k c lose ly w i th the exist ing nuclear 
and high ene rgy phys i cs g r o u p s at B N L as wel l as wi th the lattice 
g roup at C o l u m b i a Univers i ty . T h e lattice Q C D effort m a k e s use of 
the local o n e teraf lop Q C D S P ( Q C D is a signal p rocessor ) and the 
s o o n to be comp le ted ten teraf lop Q C D O C ( Q C D on a chip) super ­
c o m p u t e r s . A p p l i c a t i o n s wil l be c o n s i d e r e d for R e s e a r c h 
Assoc ia tes ( two -yea r appo in tments ) and R I K E N B N L Fe l lows (up to 
f i ve -year appo in tments ) for the fall of 2004. 

Scient is ts wi th appropr ia te b a c k g r o u n d s w h o are interested in 
apply ing for these t heo ry posi t ions shou ld s e n d a cur r icu lum vi tae 
and have three letters of re ference sent to Prof. T . D . Lee , R I K E N 
B N L R e s e a r c h Cen te r , Bui ld ing 51 OA, B r o o k h a v e n Nat iona l 
Laboratory , U p t o n , N Y 11973. App l ica t ions shou ld be rece ived by 
J a n u a r y 30, 2004. B N L is an equal oppor tuni ty employer commi t ted 
to work fo rce diversity. 

BROOKHAVEN NATIONAL LABORATORY 
V i s i t o u r w e b s i t e a t : w w w . b n l . g o v 

T h e F a c u l t y o f S c i e n c e o f t h e U n i v e r s i t y o f B e r n 
i nv i t es a p p l i c a t i o n s f o r a p o s i t i o n o f 

Full Professor of Experimental 
High Energy Physics and 

Head of the Laboratory for High Energy Physics 
o p e n i n g M a r c h 1, 2006 at t h e L a b o r a t o r y o f H i g h E n e r g y P h y s i c s 
o f t h e P h y s i c s Ins t i tu te , U n i v e r s i t y o f B e r n , S w i t z e r l a n d . C u r r e n t 
r e s e a r c h ac t i v i t i es o f t h e L a b o r a t o r y i n c l u d e w o r k at C E R N e s p e ­
c ia l ly o n t h e A T L A S e x p e r i m e n t at L H C , a s w e l l a s t h e p h y s i c s o f 
n e u t r i n o osc i l l a t i ons ( O P E R A ) a n d d a r k m a t t e r ( O R P H E U S ) . 

C a n d i d a t e s s h o u l d h a v e a p r o v e n f i rst r a te r e s e a r c h r e c o r d in 
e x p e r i m e n t a l h i g h e n e r g y p h y s i c s . T h i s m a y i n c l u d e pa r t i c i pa t i on 
in la rge e x p e r i m e n t s a n d t h e d e v e l o p m e n t o f n o v e l e x p e r i m e n t a l 
t e c h n i q u e s . S h e / h e s h o u l d a l s o b e p r e p a r e d t o pa r t i c i pa te 
a c t i v e l y in t h e t e a c h i n g o f p h y s i c s at b o t h t h e u n d e r g r a d u a t e a n d 
g r a d u a t e l e v e l . A s H e a d o f t h e L a b o r a t o r y , t h e s u c c e s s f u l c a n d i ­
d a t e h a s o v e r a l l r e s p o n s i b i l i t y f o r a b o u t 30 c o l l a b o r a t o r s a n d wi l l 
b e a m e m b e r o f t h e B o a r d o f D i r e c t o r s o f t h e P h y s i c s Ins t i tu te . 

T h e U n i v e r s i t y o f B e r n e s p e c i a l l y e n c o u r a g e s w o m e n t o a p p l y f o r 
th is p o s i t i o n . L e t t e r s o f a p p l i c a t i o n , i nc l ud ing a c u r r i c u l u m v i t a e , 
a list o f p u b l i c a t i o n s , c o p i e s o f t h e m o s t i m p o r t a n t p u b l i c a t i o n s , 
a n d a n ou t l i ne o f p a s t a n d f u t u r e r e s e a r c h (all in E n g l i s h ) s h o u l d 
b e s e n t b e f o r e M a r c h 1, 2004 t o P ro f . G . J a e g e r , D e a n o f t h e F a c ­
u l ty of S c i e n c e , S i d l e r s t r a s s e 5, C H - 3 0 1 2 B e r n , S w i t z e r l a n d . 

F u r t h e r i n f o r m a t i o n a b o u t t h e L a b o r a t o r y c a n b e f o u n d at 
h t t p : / / w w w . l h e p . u n i b e . c h a n d e n q u i r i e s a b o u t th is p o s i t i o n c a n 
b e m a d e b y c o n t a c t i n g P r o f . W . B e n z , P h y s i k a l i s c h e s Inst i tu t , 
S i d l e r s t r a s s e 5, C H - 3 0 1 2 B e r n , S w i t z e r l a n d , P h o n e : +41 31 6 3 1 -
4403, F a x : +41 31 631-4405 , e - m a i l : w b e n z @ p h i m . u n i b e . c h 
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M a r i e t t a B l a u - S t e r n e d e r 
Z e r t r i i m m e r u n g by Robert Rosner and 
Birgitte St rohmaier ( e d s ) , Bôhlau Ver lag. 
ISBN 3 2 0 5 7 7 0 8 8 9 , €29 .90 . 

Marietta Blau - Sterne der Zertrummerung 
(stars of f ragmentat ion) is the third in a new 
ser ies devoted to scient ists f rom Austr ian 
history, fol lowing on f rom those about Hans 
Th i r r i ngand L u d w i g B o l t z m a n n . 

In brief, Marietta Blau w a s born in V ienna in 
1894 to a moderately well-to-do Jewish family, 
and w a s among the first w o m e n to s tudy 
physics at the University of V ienna . In 1923 
she jo ined the Radium Institute in V ienna , but 
was forced into exile in 1938. After f ive years 
in Mexico and 16 years in the US she returned 
to her native Austr ia in 1960, aged 66 and 
badly in need of medical t reatment. She died 
of cancer in V ienna in 1970. 

The book begins with a long and wel l -
documen ted biographic chapter writ ten by the 
editors. Here the history of the Rad ium 
Institute is descr ibed so viv idly that I had the 
feel ing I was actual ly mov ing around the 
bui lding and meet ing the people work ing 
there. T h e reader is presented with s o m e 
interesting and at t imes surpr is ing detai ls. 

For example, more than one-third of the 
researchers at the Radium Institute were 
w o m e n and the majority of Blau's PhD students 
were female. However , this was not a general 
phenomenon during the 1930s. After leaving 
Austr ia, aided by Albert Einstein, Blau found 
refuge in Mexico as a staff member at the 
Polytechnic Institute in Mexico City between 
1939 and 1944. One of the pictures in the 
book shows the teaching staff at the institute in 
1940, and out of 58 people in the photo, Blau 
is the only w o m a n . (It is interesting to compare 
this with our own t ime. A recent picture in CERN 
Courier (September 2003 p27) shows the 
participants at a conference on supergravity, 
and three out of the 52 are w o m e n . ) 

Another surpr is ing fact is that the majori ty 
of the researchers at the Rad ium Institute, 
both male and female and including Blau, 
were unpaid . Perhaps they were work ing there 
s imply to have a meaningfu l life? T h e book 
quotes the famous Austr ian physic ist Use 
Me i tne r to have said in 1963: "I bel ieve that 
all young people think about how they wou ld 
like their lives to deve lop . W h e n I did so , I 
a lways arr ived at the conc lus ion that life need 
not be easy; wha t is important is that it not be 
empty . And this wish I have been g ran ted . " 

The book also descr ibes how Blau turned 

down academic job offers during her most 
productive years to take care of her sick mother, 
and her close collaboration with Hertha 
Wambache r ( 1903 -1950 ) , who having origi­
nally studied chemistry had turned to physics 
and chosen Blau as her supervisor. After 
Wambache r had finished her doctorate, the two 
w o m e n had an extensive and fruitful collabora­
tion fo r the next six years, in particular in trying 
to improve the emulsion technique for detecting 
particles. However, much of their relationship 
remains a great mystery. Wambacher was a 
member of the Nazi party, but obituaries for her 
shed no light on this matter as they deal 
exclusively with her work. 

Other topics covered in detail include 
Blau's work before and after the S e c o n d 
Wor ld War , and there are remin iscences f rom 
those w h o had contact with Blau in the latter 
s tages of her career when she w a s in her 
sixties. Blau's last PhD student worked f rom 
1960 to 1964 analys ing an exper iment done 
at C E R N in wh ich emuls ions were exposed to 
a beam of protons. Th is was one of a large 
number of exper iments at C E R N at this t ime 
that used emuls ions. At the end of the book 
there is a reprint of three of Blau's papers , two 
of wh ich were with W a m b a c h e r , and a list of 
all her publ icat ions. 

Blau w a s an expert on nuclear emuls ions , a 
detect ion techn ique with old roots. In 1937 
she and W a m b a c h e r observed 31 "s tars" in 
emuls ions exposed to cosmic rays. T h e stars 
were m a d e by coll isions in the emuls ions , 
wh ich produced several particle t racks 
emanat ing f rom the coll ision point; one of the 
stars had no less than 12 t racks! T h e observa­
t ion of these stars drew the attention of the 

scientif ic commun i t y to emuls ions, wh ich 
were cons idered by s o m e as being rather out 
of date. However , to claim that the work by 
Blau and W a m b a c h e r w a s a prerequisi te for 
the d iscovery of the pion is a gross exaggera­
t ion. Emuls ions had to be enormous ly 
improved to ach ieve the required sensit ivi ty. 
O n e of the authors in the book also c la ims 
that Blau must have been frustrated that Cecil 
Powel l w a s awarded the Nobel prize for a 
d iscovery using her me thod , so much so that 
she er roneous ly attr ibuted the first 
observat ion of the negat ive pion to Don 
Perkins. However , this speculat ion is 
un founded ; Blau w a s in fact giving a correct 
account of wha t had happened (see Letters, 
p50) . Ano ther point made concerns the nomi­
nat ion of Blau and W a m b a c h e r for the Nobel 
Prize in Phys ics. By itself this is n o t a measure 
of the highest excel lence as every year there 
are a large number of such nominat ions. 

T h e literature on emuls ion techn iques is 
vas t and it is very difficult to do just ice to all 
those w h o have contr ibuted to this f ield. 
Nonethe less , I w a s deeply touched by the 
portrait of this except ional w o m a n , descr ibed 
as shy , gent le and highly dedicated to her 
métier, but w h o had the misfortune to live in a 
hosti le env i ronment , a vict im of a sick society. 
Cec/7/a Jarlskog, CERN. 

L e s t a c t i q u e s d e C h r o n o s by Et ienne Klein, 
Edit ions F lammar ion . ISBN 2 0 8 2 1 0 0 9 I X , 
€18 .00 . 

T ime is an elusive concept and presents 
itself in mani fo ld and disparate guises. As a 
result, d ict ionar ies ment ion it in relation to 
f ields as var ied as choreography, economics , 
horse-r iding, l inguistics, liturgy, seafar ing, 
sports , forestry, hunt ing and , obviously , 
phys ics . In his book Les tactiques de Chronos 
(Chronos ' s tact ics) , Et ienne Klein sheds s o m e 
light on the ideas each of us have of the 
d isconcer t ing parameter that is t ime. 

Wi th his cons iderab le store of phi losophical 
and scientif ic knowledge, the author sets out 
to help the reader unders tand the concept of 
t ime. However , the mean ing of t ime remains 
amb iguous and the book warns of the 
difficulties in providing a definit ion. T h e reader 
is reminded of the words of Saint August ine : 
"Wha t , t hen , is t ime? If no one asks me , I 
know wha t it is. If I w ish to explain it to him 
w h o asks, I do not know. " 

Klein attempts to assist Saint August ine. He 
begins with a summary of the various philo- t> 
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sophies put forward over the ages, before 

introducing the concept of physical t ime with 

Gali leo, who included t ime as a variable in 

dynamic equat ions. The concept of t ime was 

revolutionized by relativity theory and lost its 

absolute quality. Quantum mechanics suggests 

that going back in t ime is like crossing over into 

the world of antimatter. Klein goes on to dis­

cuss the "arrow" of t ime, which stipulates the 

irreversibility of macroscopic phenomena , and 

is illustrated by effects such as entropy and the 

evolut ion towards more probable states. This 

brings him to a discussion of CP violat ion, 

which implies T violation, in microscopic phe­

nomena . The author does not shy away even 

f rom the most speculat ive of concepts, such as 

discont inuous t ime or t ime with several d imen­

sions as a possible consequence of superstr ing 

theory. On the anecdotal s ide, the reader learns 

w h o wrote the article on t ime in Diderot and 

d 'Alembert 's encyclopaedia. It was J J 

Rousseau . W e also find out to w h o m the phrase 

"eternity is long, especial ly towards the e n d " 

can be attributed - a list that over the years has 

included Franz Kafka, French humorist Pierre 

Dac and W o o d y Allen - and about S B Preuss, 

the physicist w h o put his name to just one 

article, albeit alongside Albert Einstein's. 

Whi le reading the book, which is a p leasure, 

it becomes clear that physics has made an 

important contr ibut ion to our understanding of 

t ime. It also becomes ev ident that a subject ive 

t ime exists that is distinct f rom physical t ime, 

or if you prefer an individual t ime that is super­

imposed on universal t ime. Is not subject ive 

t ime ev idence of our relat ionship to physical 

t ime? Th is quest ion is addressed in the final 

chapter of the book, entit led "Has physics 

forgotten about dea th? " . Life still t ranscends 

the laws of phys ics, and it may be that man 's 

concept of t ime is def ined by his awareness of 

his own mortality. Th is hypothesis remains 

unanswered and the book is rounded off with 

a comprehens ive bibl iography of the sources 

used by the author. 

Hav ing f in ished the book, the physicist is 

left wi th the feel ing of being c loser to the 

phi losopher , and m a y b e the phi losopher will 

be better able to unders tand the need to take 

into accoun t the major advances in phys ics in 

order to prov ide a more comple te picture of 

the h u m a n exper ience . 

François Vannucci, Université de Parisï 

and IN2P3. 

SUPPLIER INFORMATION 
J a n i s R e s e a r c h C o m p a n y 
3He-4He dilution refrigerator 
Janis Research is offering the model JDR-100 
Dilution Refrigerator with: 
• 3He mechanical pump only 
• 15 mK guaranteed base temperature 

(10 mK expected) 
• 150 uW guaranteed cooling power at 100 mK 

(180 LJW expected) 
• Sample in vacuum 
• Integrated safety features 
• Resistance and CMN calibrated thermometers 
Janis Research Company Inc, 
2 Jewel Drive, Wilmington, MA 01887, USA 
Tel:+1 978 657 8750 
Fax:+1978 658 0349 
E-mail: sales@janis.com 
Web: www.janis.com 

C M C A M A C 
Introducing the CMC081, a new version of an old standard 

16 Channel FERA Compatible Charge Integrating ADC 

It emulates a 4300b in 11 bit mode on power up. S a m e 

connectors, same c o m m a n d s , same sensit ivity, and less than 

10 microseconds convers ion t ime. Just plug it in your existing 

sys tem and go , no changes required. 

Conf igure a few registers and you have a dual range ADC 

with 16 bit dynamic range. Both modes add a sliding scale 

for excel lent DNL The sensit ivity is 30 fC per LSB on the low 

range, Multi-event data buffers for low dead t ime and 

FASTCAMAC readout. 

The complete spec sheet is at w w w . c m c a m a c . c o m . Call or write 

for more information. 

C M C A M A C , 24 Halley Drive, Pomona , NY 10970 USA 

T e l : + 1 (845 ) 364 0211 

E-mail: i n fo@cmcamac .com 

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

Libera...frees you from traditional hardware and 
software limitations. 
Instrumentation Technologies is unveiling a 
completely new product line: Libera. Libera enables 
trouble-free commissioning, accurate beam position 
monitoring, and local and global feedback building. 
For more info about this all-in-one, feedback-ready, 
and customizable product, subscribe to the 
l-Tech newsletter at: http://www.i-tech.si. 
Instrumentation Technologies d.o.o., Srebrnicev trg 
4a, SI-5250 Solkan, Slovenia 
Tel:+386 (0)5 3311700 
Fax: +386 (0)5 3311719 
E-mail: i-tech@i-tech.si 
Visit us at APAC 2004 in Gyeongju, Korea. 

SPECTRA GASES 

Specialty Oases and Equipment 

Spect ra Gases 

Stable isotopic and rare gas catalogue 
FREE! ! ! T H E STABLE ISOTOPIC A N D RARE GAS CATALOGUE IS 

NOW AVAILABLE FROM SPECTRA G A S E S , WHICH HAS FACILITIES 
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VIEWPOINT 

Science in the information society 
In hosting the recent RSIS conference, CERN took a bold step into the global policy arena. 

Manjit Dosanjh, John Ellis and Hans Hoffmann explain why. 

On 8 and 9 D e c e m b e r 2 0 0 3 , C E R N hos ted a 

con fe rence on T h e Role of Sc ience in the 

Informat ion Soc ie ty ( R S I S , s e e p l 4 ) , immed i ­

ately prior to the Wor ld S u m m i t on the 

Informat ion Soc ie ty ( W S I S ) . Ou r efforts to 

organize this con fe rence we re s t imu la ted by a 

cha l lenge that the UN secre tary -genera l Kofi 

A n n a n m a d e to the wor ld scient i f ic c o m m u ­

nity. Last March in the magaz ine Science, he 

wro te that " recent a d v a n c e s in in format ion 

techno logy , genet ics and b io techno logy hold 

ext raord inary p rospects for indiv idual wel l -

be ing and humank ind as a w h o l e , " but 

noted that " the w a y in wh i ch scient i f ic 

e n d e a v o u r s are pursued a round the wor ld is 

marked by clear inequal i t ies." A n n a n cal led 

on the wor ld 's sc ient is ts to work wi th the UN 

to ex tend the benef i ts of m o d e r n sc ience 

to deve lop ing countr ies. 

T h e open exchange of in format ion, m a d e 

poss ib le by the Wor ld W i d e W e b and other 

in format ion techno log ies , has revolut ion ized 

every th ing f rom global c o m m e r c e to how 

w e commun i ca te wi th f r iends and fami ly . W e 

live in the age of the " in format ion soc ie ty " , 

but w i thout sc ience there wou ld be no such 

th ing; it w a s basic sc ience that m a d e the 

under ly ing techno log ies poss ib le . Moreover , 

cont inu ing scienti f ic research is necessa ry to 

underp in the future d e v e l o p m e n t of the 

informat ion s o c i e t y - t h r o u g h the shar ing of 

distr ibuted comput ing resources v ia the 

Gr id , for examp le . 

T h e informat ion soc ie ty has the potent ial to 

e m p o w e r scient ists f rom regions of the wor ld 

that have not been p rominen t in recent 

scient i f ic research , but have va luab le h u m a n 

resources and original perspec t i ves on m a n y 

of the p rob lems w e all f ace . Th is cou ld create , 

in the w o r d s of Ado l f Og i , spec ia l adv iso r to 

the Sw iss Federal Counc i l on W S I S , " sc ience 

s a n s f ront ières" , mak ing use of w h a t A d a m a 

S a m a s s é k o u , pres ident of W S I S P r e p C o m , 

descr ibed as " ind igenous know ledge " . 

Prior to the con fe rence C E R N conduc ted an 

onl ine fo rum whe re sc ient is ts , pol icy makers 

and s takeho lders f rom a round the wor ld 

rev iewed the prospects that d e v e l o p m e n t s in 

sc ience and techno logy offer for the future of 

the in format ion society , especia l ly in 

educa t i on , heal th , env i ronment , econom ic 

d e v e l o p m e n t and enabl ing techno log ies . 

T h e s e issues fo rmed the basis for d iscuss ions 

in f ive paral lel sess ions at RSIS , wh ich 

c o m p l e m e n t e d the p lenary sess ions . T h e 

result is a v is ion for how informat ion and 

commun ica t i on techno log ies can be appl ied 

for the greater benef i t of all. 

Educa t ion is a key e lement for deve lop ­

ment . In format ion and commun ica t i on 

techno log ies ( ICTs) are vital for learning at all 

s tages of life. Here , s o u t h - s o u t h co-operat ion 

is as impor tant as no r t h - sou th co-opera t ion . 

In the area of heal th , ICTs can help in priority 

publ ic-heal th a reas by promot ing the 

d issemina t ion of health in format ion, 

enhanc ing capaci ty-bui ld ing and permit t ing 

te lemed ic ine . In the case of env i ronmenta l 

issues, p lanners and dec is ion-makers need 

accura te , local and t imely informat ion -

global co l laborat ion is vital to ensure access 

to appropr ia te env i ronmenta l da ta . T o 

acce lera te econom ic deve lopmen t , 

educa t ion and the d isseminat ion of scient i f ic 

know ledge and technolog ica l know-how 

th rough ICTs is a critical c o m p o n e n t of local 

and nat ional deve lopment . It is impor tant for 

sc ient is ts in all countr ies to unite to def ine 

their local needs in te rms of ICT infrastructure 

and content . 

T h r o u g h these examp les in part icular, 

RSIS w a s able to formulate a v is ion of how 

ICTs can be appl ied to benefi t all. T h e fol low­

ing t h e m e s e m e r g e d as guidel ines and 

rece ived c lear suppor t at RSIS : that 

f undamen ta l scienti f ic informat ion be m a d e 

f reely ava i lab le ; that the sof tware tools for 

d issemina t ing this informat ion be also 

m a d e f reely ava i lab le ; that network ing 

infrastructure for distr ibut ing this informat ion 

be es tab l i shed wor ldw ide ; that the training 

of peop le and equ ipmen t to use this 

in format ion be-prov ided in the host nat ions; 

that genera l educa t ion underp ins all t hese 

goa ls and is an ind ispensab le basis for the 

informat ion soc ie ty . 

Severa l of the ob ject ives def ined at RSIS 

are a l ready mak ing h e a d w a y . In part icular, 

the W S I S draft Dec larat ion of Pr inciples 

recogn izes that " sc ience has a central role in 

the d e v e l o p m e n t of the informat ion soc ie ty . " 

Moreover , the W S I S draft Act ion Plan a ims to 

p romote h igh-speed Internet connec t ions for 

all universi t ies and research inst i tut ions; the 

d issemina t ion of know ledge th rough 

e lectronic publ ish ing and peer- to-peer 

techno logy ; and the eff icient col lect ion and 

preservat ion of essent ia l scienti f ic da ta . 

In host ing the RSIS con fe rence , C E R N took 

a bold s tep fo rward into the pol icy a rena . 

S ince scient i f ic research underp ins the past 

and future d e v e l o p m e n t of ICTs and the reby 

the in format ion soc ie ty , w e scient ists have a 

part icular mora l responsibi l i ty to prevent the 

"digital d iv ide" f rom further increasing the gap 

be tween rich and poor. Moreover , the 

informat ion soc ie ty offers scient ists f rom all 

parts of the wor ld the oppor tun i ty to 

contr ibute to the global scienti f ic adven tu re 

of wh i ch C E R N ' s Large Hadron Col l ider is 

jus t one e x a m p l e . 

It is vital that the global scienti f ic c o m m u ­

nity e n g a g e s ful ly in the pol icy a rena , th rough 

the d e v e l o p m e n t of new and af fordable 

techno log ies to o v e r c o m e the digital d iv ide. 

T h e scient i f ic c o m m u n i t y shou ld commi t its 

best efforts to imp lement ing the W S I S Act ion 

Plan and to demons t ra t ing real progress 

by the t ime of the next W S I S meet ing in 

T u n i s in 2 0 0 5 . 

Manjit Dosanjh, John Ellis and Hans 

Hoffmann were members of CERN's RSIS 

organizing committee. 
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P o w e r S u p p l y 

V M E 

T h e new C A E N T D C family is the state of the art in multi­
channel Time to Digital Converters design. 
Very high density (up to 128 channels) or very high resolution 
(up to 25 ps) modules are available in a 1-unit wide VME 6U 
board. The units use the HPTDC chips, developed by 
CERN/ECP-MIC Division, to achieve top performances. 
The modules are programmed via an on-board micro­
controller by using a set of high-level symbolic commands, 
thus enhancing their friendliness and flexibility to match a 
large variety of experimental conditions. 
The VIVE interface allows the modules to work in A24 and 
A32 addressing modes. The internal registers are available in 
D16 mode only while the 32 kwords deep buffer (expandable) 
is accessible in D32, BLT32 or M8LT64. The modules also 
support CBLT32/64 and the Multicast commands (IvtCST). 

C A E N \ J 

$#Afl§A€£ 

N i M 
1 M o d e l # c h . t S B D y n a m i c R a n g e I n p u t 

V1190A 128 100/200/800ps 50ps E C L / L V D S 

V1190B 64 100/200/800ps 50jjs E C L / L V D S 

V1290A 32 25ps 50MS E C L / L V D S 

V1290N 16 25ps 50| iS NIM 

c a e n . i t UHi E N I S O 
c e r t , n., S 1 0 5 . C A E N 

http://caen.it



