
Around the Laboratories 
Bunch trains arrive at LEP 

On 11 November at CERN's LEP 
collider, after surprisingly few 
hours of machine development, 
a train of four electron bunches 

CERN 
Physics at LEP2 

With the LEP2 project pushing ahead 
to boost CERN's LEP electron-
positron collider to higher energy, 
in February a Workshop on Physics 
at LEP2 will review the studies for 
the preparation and interpretation of 
LEP2 data. 

The organization of this Workshop 
and its final report will resemble the 
1989 Workshop on Z Physics at 
LEP1. 

With LEP2 physics scheduled for 
1996, conveners and experiments 
contact persons have now been 
appointed, and working groups are 
being formed. The first General 
Meeting of all working groups will 
take place on 2-3 February at 
CERN in the Main Auditorium. 
After one or two more such meetings, 
the final General Meeting will be 
in October 1995. All the General 
Meetings will take place at CERN. 
Those interested in participating are 
invited to attend the first General 
Meeting in February, where formation 
of the working groups will be com
pleted. 

Four sectors are foreseen, each 
with one or two co-ordinators and 
four to eight contact persons nomi
nated by the four LEP experiments 
to promote and organize participation 
in the working groups. 

The sectors with their working 
groups are: 

Standard physics -1 ) WW cross 
sections and distributions, 
2) W mass, 3) Standard Model 
processes, 4) QCD, 5) Gamma-
gamma physics; 

New physics -1 ) Three-gauge 
couplings, 2) Higgs, 3) New particles: 
virtual effects and/or real production, 

collided with a similar train of 
positrons. This successful debut 
bodes well for future operations 
with the higher energy LEP200 
(November, page 6). 

CERN Director General Chris Llewellyn Smith 
(right) observes as Robert Cailliau demon
strates World Wide Web to European Commis
sioner for Research, Development, Education 
and Training Antonio Ruberti. Developed at 
CERN, the World Wide Web hypertext-based 
information system has revolutionized access 
to computer networks. World Wide Web was 
recently awarded the 'Laser d'Or'at the XVth 
International Video Art festival in Locarno, 
Switzerland. 

4) Z-prime; 
Event generators -1 ) WW and 

Standard Model processes, 2) 
Gamma-gamma physics, 3) Discov
ery physics, 4) Bhabha luminometer, 
5) QCD; 

Machine/physics interface -1) 
Absolute energy calibration and 
polarization, 2) Interaction point, 3) 
Integrated luminosity versus energy. 

Each working group will have two 
conveners. 

Up-to-date information may be 
found in the World-Wide Web: http:// 
www.cern.ch/Physics/Conferences/ 
C1995/LEP2PHYS/ 
Announcement.html 

Strengthening 
Scientific Co-operation 

On a visit to CERN in October, 
European Commissioner for Re
search, Development, Education and 
Training, Antonio Ruberti signed an 
administrative agreement promoting 
closer scientific and technological 
cooperation between the European 

Union and CERN. 
The first meeting of the Joint EC-

CERN Research Committee estab
lished by the agreement followed the 
signing ceremony. Potentially fruitful 
areas identified for cooperation 
include information technology, 
industrial and materials technology, 
training and mobility of researchers, 
and developing scientific cooperation 
with Central and Eastern European 
countries. 

CERN has already actively partici
pated in various EC programmes 
such as SCIENCE, which encour
ages researcher mobility, and RACE 
and ESPRIT promoting telecommuni
cations and information technology 
respectively. The recently installed 
CS-2 scalable parallel computer in 
the CERN Computing Centre formed 
part of the ESPRIT-funded European 
High Performance Computing initia
tive. 

In addition, CERN's wunderkind 
World Wide Web network information 
system will be further developed and 
maintained with support from the 
European Union and in collaboration 
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Helmut Haseroth, project leader for CERN's 
heavy ion facility - "The nicest present for our 
enthusiasm and effort will be from physics: the 
discovery of quark-gluon plasma. We hope 
they discover something interesting." 

with the Massachusetts Institute of 
Technology. Financial support of 1.5 
million ECU - 2.5 million Swiss 
francs - has been earmarked for this 
project. World Wide Web is a spinoff 
from CERN's involvement in ad
vanced networking and in the past 
few years has revolutionized access 
to computer networks. 

Heavy implications 

Heavy ions at CERN are back, and 
heavier, as a new CERN facility 
supplies its first lead ion beams. 
Ingenious upgrades of existing 
accelerators together with several 
new systems accelerate lead ions to 
the high energies and intensities 
required by experiments searching 
for the long-awaited quark-gluon 
plasma. With lead beams, the more 
compact nuclear concentrations of 
matter will improve the chances of 
seeing quark-gluon matter in turmoil. 

As with the oxygen and sulphur 
beams of the late 1980s and early 
1990s, the system uses an Electron 
Cyclotron Resonance source operat
ing in afterglow mode. Microwave 
power pulses transfer energy to the 
source's electrons, creating a 
plasma. At the end of the pulse, there 
is a sudden, brief increase in beam 
intensity as the plasma collapses and 
the lead ions escape. 

The lead ions travel along a new 
Low Energy Beam Transport and 
through a high resolution 
spectrometer. This separates the 
different isotopes, selecting only lead 
27+. These ions are then accelerated 
from 2.5 keV to 250 keV per nucleon 
by a new Radio Frequency 
Quadrupole (RFQ). 

After traversing the specially built 
Medium Energy Beam Transport, the 

beam enters the new linac. This has 
an interdigital H structure: an ar
rangement of drift tubes that give a 
higher accelerating field for lower 
input power, and occupy a much 
smaller space than conventional 
linacs. Its three tanks push the lead 
ions to 4.2 MeV per nucleon. 

The beam then passes along the 
High Energy Beam Transport to a 
carbon foil that strips the ions to lead 
53+. It is much easier to accelerate 
lead in this highly ionized form as, for 
a given field, acceleration is propor
tional to a particle's electrical charge. 
Other, unwanted charge states are 
removed by a filter system. 

The next stage is the Booster, 
suitably upgraded. Without these 
improvements, the ions would be lost 
through interactions with residual gas 
in the system. Cleaning out the 
Booster and adding more vacuum 
pumps has brought the pressure 
down to the 10~9 Torr region. Pulsing 
the Booster's radiofrequency (RF) 
acceleration system to bunch the 
ions, they are accelerated from 10 to 
20 per cent of the speed of light. The 

RF is then switched off and the ions 
allowed to debunch. The bunching 
and acceleration are then repeated to 
take the ions from 20 to 42 per cent 
of the speed of light. 

The ions are next fed into the 
Proton Synchrotron (PS), whose 
radiofrequency is synchronized with 
the Booster. The PS is also used to 
accelerate protons, electrons and 
positrons, and injection of the lead 
ions somehow has to be fitted into 
this crowded programme. A compli
cated timing device ensures that all 
these particles can be accelerated in 
turn. There are four ion cycles of 1.2 
seconds within a supercycle of 19.2 
seconds; protons, electrons and 
positrons are individually inserted in 
the remaining time. The lead ions 
travel about 200,000 times around 
the PS in each ion cycle, rising to 
4.25 GeV per nucleon before being 
ejected to the Super Proton Synchro
tron (SPS) through a foil that strips 
them to lead 82+. 

The four batches of lead ions 
injected consecutively from the PS 
are accelerated simultaneously by 

CERN Courier, December 1994 15 



Around the laboratories 

the SPS. One potential problem was 
that the lead ions do not have a high 
enough velocity, and thus the fre
quency swing in the SPS travelling 
wave cavities is not large enough. 
The novel solution exploits the fact 
that the four batches do not fill the 
whole ring but only about 10 micro
seconds of the total revolution time of 
23 microseconds. The short filling 
time of the SPS cavities - about 1 
microsecond - allows the cavity 
phase to be readjusted during the 
beam-free period. The cavities hence 
operate at constant frequency and 
their phase is fine tuned after each 
revolution of the beam. The SPS 
supplies lead 82+ ions to the experi
ments at between 50 and 160 GeV 
per nucleon. Speaking at a party to 
celebrate the successful acceleration 
of heavy ions, project leader Helmut 
Haseroth said, "The nicest present 
for our enthusiasm and effort will be 
from physics: the discovery of quark-
gluon plasma. We hope they dis
cover something interesting." 

The project is the result of a 1988 
proposal to accelerate lead ions 
using an interconnecting series of 
accelerators. It was achieved by the 
collaboration established in 1990 
between GANIL in France, Legnaro, 
Torino and Padua in Italy, GSI and 
Frankfurt in Germany, and CERN. 
Financial contributions were made by 
Sweden and Switzerland; India 
helped with software and some 
hardware production, and the Czech 
Republic contributed some labour. 

Heavy ion experiments 

A range of major experiment are 
lined up for the new heavy ion 
beams. Each uses a different method 
to search for signs of the elusive 
quark-gluon plasma. 

To the best of our knowledge, 

quarks in today's world only exist in 
clusters which form hadrons, strongly 
interacting particles. However, at 
extremely high energy densities, the 
idea that a particular quark belongs 
to a particular hadron becomes 
meaningless. At these energy densi
ties, strong interactions surpass the 
electromagnetic interactions that 
dominate matter at everyday densi
ties. Since gluons mediate strong 
interactions, the mix of particles 
becomes a quark-gluon plasma. 

To detect quark-gluon plasma, 
experimentalists need to collide 
matter at high energy and density, 
and find a record of what happened. 
Heavy ions such as lead provide the 
necessary volume of nucleons and 
have now been accelerated to higher 
energies at CERN. 

There are three types of experiment 
searching for quark-gluon plasma. 
The first will detect electromagnetic 
signals: P280, a proposed 
Brookhaven/CERN/Dubna/ 
Heidelberg/Milan/Weizmann, collabo
ration hopes to look for electron-
positron pairs; NA50, an Annecy/ 
Bucharest/Cagliari/INFN/CERN/ 
Clermont Ferrand/CNRS/Lisbon/ 
Moscow/Orsay/LPNHE Palaiseau/ 
Strasbourg/Turin/Lyon group, will 
look for muon pairs; and WA98, of 
Bhubaneswar/Calcutta/CERN/ 
Chandigarh Punjab/GSI/Dubna/ 
Geneva/Groningen/Jaipur Rajasthan/ 
J am m u/Lu n d/M osco w/M u nste r/Oak 
Ridge/Tennessee/Utrecht/Warsaw 
will search for photons issuing from 
the early part of the collision. These 
experiments will measure the state of 
the system at the time when quark-
gluon plasma is expected to exist, 
and study whether the properties of 
the hadrons produced in the dense 
medium are altered. 

A second approach is taken by 
experiments NA44, a collaboration 
between Brookhaven/CERN/Colum-

bia/Copenhagen/Creighton/Hiro-
shima/KEK/Los Alamos /Lund/Ohio 
State/Pittsburgh/Tibilsi State/Texas 
A&M/Tsukuba; NA49, from Athens/ 
Birmingham/Budapest/CERN/ 
Crakow/GSI/UC Davis/Frankfurt 
Main/Freiburg/LBL/UCLA/Marburg/ 
Munich/Warsaw/Washington/Zagreb; 
and WA97 of Athens/Bari/INFN/ 
Bergen/Birmingham/CERN/Paris/ 
Genoa/Kosice/Legnaro/Padua/Rome/ 
Salerno/Serpukhov/Strasbourg ULP/ 
Trieste. These will examine the 
hadronic signals and determine the 
overall conditions when hadrons are 
formed, possibly from quark-gluon 
plasma. 

In addition, NA52 of BERN/CERN/ 
Annecy/Helsinki/Stockholm/CNRS/ 
Strasbourg, will look for material that 
may be left over from a quark-gluon 
plasma. 

Supplementing these major experi
ments is a range of studies using 
emulsion targets. 

LEAR throws light on 
antiprotonic helium 
atoms 

Antiprotonic helium is an exotic atom 
formed when a low energy (a few 
electronvolts) antiproton collides with 
a helium atom, displacing one of its 
two orbital electrons. 

Newly installed inside the charge 
cloud of the remaining electron, the 
antiproton ejects this too within a few 
of its own orbits of some 1 0 1 5 sec
onds. As with the dog that did not 
bark in the night in the Sherlock 
Holmes story, the missing electron 
plays a crucial role in what happens 
next, ensuring that subsequent 
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Antiproton annihilation rate vs. time in 
metastable antiprotonic helium atoms, 
measured by plastic scintillation counters. A 
dye laser pulse was fired into the helium target 
1.8 microseconds after the entry of each 
antiproton. At the critical wavelength of 
597.256 nm, it stimulated any atom still in the 
n=39,1=35 state at that time to jump to the 
lower n=38,1=34 state, resulting in a sharp 
increase in the annihilation rate 

collisions bring the antiproton near 
the nucleus in less than 10~12 sec
onds, when it annihilates. 

In three or four cases in every 
hundred in such atoms, the 
antiproton survives for as long as 25 
microseconds (June 1992, page 14). 
To put this in perspective, if the 
antiproton's orbital period is an 
atomic 'year', its expected lifetime is 
then of the order of 'centuries', while 
in the long-lived atoms the antiproton 
can survive for the equivalent of the 
age of the Universe. 

The PS205 collaboration (Tokyo, 
Okazaki, Munich, Budapest and 
CERN) has been hard at work on this 
phenomenon at CERN's LEAR low 
energy antiproton ring since Novem
ber 1991, unearthing an isotope 
effect, which makes the antiproton 
live 14% longer in helium-4 than in 
helium-3, studying the influence of 
additional foreign gases on the 
lifetime, and showing that this 
metastability is unique to helium. 

Intriguing though these results 
were, they have been eclipsed by the 

collaboration's latest exploits. The 
metastability was tentatively ex
plained as a property of those 
antiprotonic helium atoms which at 
birth have the antiproton in states 
with large principal and orbital 
quantum numbers. The spacing of 
these levels should be only 2-3 eV. 
Ejecting the second electron requires 
25 eV energy release, and this 
should therefore be strongly sup
pressed. 

However if the second electron 
remains, the dog barks - deexcitation 
by collisions becomes ineffective, 
and the atom can only approach the 
nucleus very slowly, by radiating 2-3 
eV photons. This contrived-sounding 
model has been questioned, but it 
held out enticing prospects for 
making very precise visible-light 
spectroscopic measurements on 
atoms containing antiprotons. Could 
it be possible in the same experiment 
both to confirm the model and open 
up this new field of investigation, 
bordering on particle as well as 
atomic physics? Precision measure
ments on other exotic atoms have 
always deepened our understanding 
of fundamental particles, so it was 
certainly worth trying. 

But it was a classic needle in a 
haystack. At any given moment, only 
one metastable atom was present in 
the helium target among some 10 2 3 

ordinary helium atoms (the experi
menters went to considerable trouble 
to arrange this, so that their detectors 
would know exactly which antiproton 
had annihilated). In addition the 
searchers were blindfolded - theoreti
cal models could only suggest 
approximately which regions of the 
haystack to search, and when a 
transition did occur the deexcitation 
photon would be emitted in an 
arbitrary direction, making it very 
difficult to catch in a spectrometer. 

Luckily, a further feature of the 

Effect of varying the laser ignition time. The 
progressive decay of the metastable state 
shows up through the decreasing areas under 
the peaks at successive ignition times. 

model is that some metastable levels 
must have adjacent non-metastable 
partners. A high powered laser pulse 
was therefore fired into the helium 
target every time a metastable atom 
was known to be inside [1]. By 
scanning the laser wavelength a 
search could be made for transitions 
between such pairs; when the 
resonance condition was reached the 
antiproton would jump down to the 
nearby non-metastable level and 
annihilate in the fast lane. 

The beauty of this method is that it 
converts the problem of catching the 
photon into one of catching the 
annihilation products, something 
which can be done easily by sur
rounding the helium target with 
scintillation or Cherenkov counters. 

After several days of scanning, the 
experimenters' persistence was 
rewarded by a sharp increase in the 
antiproton annihilation rate 'on 
resonance' at 597.256 nm. By 
studying the shape of the peak and 
the number of events in it, quantum 
numbers could be assigned to the 
transition. The principal quantum 
number goes from 39 to 38 while the 
orbital quantum number goes from 
35 to 34. In further experiments [2], 
the laser light delay was varied in 
order to study the time evolution of 
the metastable state population. 
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Two-laser experiments were also 
done, the second being used to 
measure the repopulation of the level 
depopulated by the first. 

In September, PS205 removed any 
remaining doubts about the validity of 
the model by shooting down 
antiprotons from a second 
metastable level, and demonstrated 
a new technique in which 100ns 
bunches containing some 10 8 

antiprotons were stopped in helium, 
producing several million metastable 
atoms simultaneously. 

Laser stimulated annihilation has 
now been demonstrated in this new 
mode of operation, and should result 
in a vastly increased efficiency when 
searching for and studying new 
resonances. The collaboration also 
plans to study fluorescent transitions 
and investigate the fine and hyperfine 
structure of the spectrum. This may 
bring greatly improved measure
ments of the antiproton's static 
properties. 
References 
[1] Phys. Rev. Lett. 72, p. 180. 
[2] Phys. Rev. Lett. 73, p. 1485 

Hidden strangeness? 
Quark rules not OK 

Recent results from the annihilation 
of stopped antiprotons at CERN's 
Low Energy Antiproton Ring (LEAR) 
have demonstrated a significant 
violation of the Okubo-Zweig-lizuka 
(OZI) rule, which forbids the produc
tion of particles containing quarks 
which were not in the reaction ini
tially. 

Production of the phi meson is a 
particularly sensitive test of the rule 
because the phi is almost a pure 
strange quark-antiquark state, while 
the omega meson, in contrast, 

contains up and down quarks and 
antiquarks, present initially. The 
proton or neutron is not normally 
considered as containing strange 
quarks or antiquarks. 

According to OZI, the ratio of phi to 
omega-meson production in hadron 
interactions should be rather small, 
on the level of a few parts per thou
sand. This has been nicely confirmed 
in a number of experiments with 
proton-proton, pion-proton and 
antiproton-proton annihilation at 
different projectile energies. 

After this confirmation, results from 
LEAR showing strong deviations 
from the OZI rule are something of a 
surprise. The Crystal Barrel collabo
ration, for example, has measured 
the production of phi and omega 
accompanied by one or two neutral 
pions, an eta or a photon in proton-
antiproton annihilations after the 
antiprotons have been stopped in 
liquid hydrogen. The experiment 
sees a large deviation from the 
'naive' OZI rule for single pion 
production, whilst the other cases 
deviate only slightly. However, the 
most striking result was an extremely 
large anomaly in the case of accom
panying photons, where the phi 
production rate was found to be 
about 100 times higher than ex
pected! 

Also at LEAR, the OBELIX collabo
ration has complemented these 
results by comparing phi and omega 
production in antineutron 
annihilations in liquid hydrogen, and 
in antiproton annihilation on gaseous 
deuterium. Large deviations from OZI 
were found when the phi and omega 
were accompanied by a negative or a 
positive pion. 

An interesting result was obtained 
by the ASTERIX collaboration at 
LEAR, which compared phi and 
omega production accompanied by a 
range of mesons when annihilation 

The Okubo-Zweig-lizuka (OZI) rule forbids in 
principle the production of particles containing 
quarks which were not there initially. The top 
process, giving a phi meson, is suppressed. In 
the process below, all the final quarks were 
there initially. 

took place from low angular momen
tum (S- or P-wave) states of the 
resultant proton-antiproton atom. The 
phi/omega ratio in S-wave 
annihilations is generally higher than 
the OZI prediction by a factor of 2 to 
8, but the most striking variation is 
the case of an accompanying single 
pion in S-wave annihilations, when 
the disagreement is a factor 20 or so. 
However, in P-wave annihilations 
there is no corresponding enhance
ment. 

A phi meson and a pion can only be 
produced in proton-antiproton annihi
lation from the S-wave, when the 
proton and antiproton spins are 
parallel (spin triplet state). If annihila
tion takes place from the P-wave, 
only the spin-singlet state 
(antiparallel spins) is possible. 

Why are results from antiprotons at 
rest so different from other hadronic 
tests? Why does the OZI rule viola
tion depend so strongly on the 
quantum numbers of the initial state? 
There are different theoretical models 
on the market. One interesting 
possibility is a small strange quark 
component inside the nucleon. Deep 
inelastic scattering experiments using 
beams of neutrinos and polarized 
(spin oriented) muons and electrons 
have shown that the nucleon's 
valence quarks are accompanied by 
strange quarks which may carry part 
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Comparison of phi- and omega-meson 
production under different conditions, showing 
the startling increase in phi production at the 
three experiments at CERN's LEAR low 
energy antiproton ring. 

of the nucleon spin (July, page 19). 
If so, these strange quarks have 
special spin assignments. 

Annihilation at rest explores a 
kinematic region with much less 
momentum transfer than the deep 
inelastic experiments. But if under 
these conditions the nucleon con
tains some polarized strange quarks 
then some of the puzzles of 
antiproton annihilation can be ex
plained. 

If the nucleon contains strange 
quarks, then the phi could be created 
directly via OZI-allowed processes. 
Dependence on the quantum con
figuration of the initial state is due to 
the polarization of the strange 
quarks: they willingly form the spin-
one phi meson from the spin-triplet 
states. 

Only in proton-antiproton annihila
tion at rest are phi mesons created 
from a pure spin state. Other interac
tions have a mixture of different spin 
and angular momentum states, 
hiding the OZI-violation. Experiments 
on phi production in polarized proton 
beam interactions with polarized 
targets could test whether there is 
intrinsic strangeness in the proton. 

Installing the superconducting radio frequency 
cavity for its test run in CESR. The CLEO 
experiment is visible in the background. 

CORNELL 
Superconducting 
technology 
breakthrough at CESR 

Superconducting accelerating cavi
ties are routinely employed in the 
present generation of electron 
storage rings at TRISTAN (KEK, 
Japan) and HERA (DESY, Hamburg) 
and will be used in CERN's LEP II. In 
order to be useful in future high 
current machines, such as the Phase 
III upgrade of Cornell's CESR ring 
(December 1993, page 22), B facto
ries, tau-charm factories, or other 
ongoing plans, superconducting 
cavities must meet extremely strin
gent requirements. 

The cavities must be able to oper
ate safely with very high circulating 
beam currents and must deliver 
hundreds of kilowatts of 
radiofrequency (r.f.) power to the 
beams. At the same time, this power 
must be transmitted to the cavities 
through the cryogenic liquid helium 
environment, and many kilowatts of 
beam-induced higher-order-mode 
(HOM) power must be conducted out 
of that environment and dissipated at 
room temperature. Finally, the 
cavities must be designed to mini
mize impedance (excitation of the 
cavities by beam wake fields) in 
order to avoid beam instabilities at 
high currents. 

These rigorous requirements have 
been met in a prototype (December 
1992, page 17) of the superconduct
ing radiofrequency (SRF) cavity 
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