
Prince K. Malhotra of Bombay's Tata 
Institute of Fundamental Research 
died while attending the Evian meet
ing. A tribute will appear in the May 
issue. 

Around the 
Laboratories 

on electrons, with a lead/liquid argon 
electromagnetic calorimeter, and 
tracking through interleaved layers of 
scintillators and transition radiation 
detectors, with semiconductor pads 
close to the beam pipe. A 1.5T su
perconducting solenoid in front of the 
electromagnetic calorimeter distin
guishes electrons and positrons. 
Hadron calorimetry uses iron and liq
uid argon. 

The EAGLE (Experiment for Accu
rate Gamma, Lepton and Energy 
measurements) collaboration pro
poses a comprehensive detector to 
cover a wide range of physics, and 
already involves physicists from 14 
CERN Member States, plus Canada, 
Russia, Australia, Brazil and Israel. 

EAGLE foresees a powerful inner 
electron detector inside a 2T central 
superconducting solenoid. The de
sign features high quality electromag
netic sampling calorimetry combined 
with fine-grained electron and photon 
preshower detection, a high precision 
vertex detector for lower collision 
rates, hadron calorimetry, and a con
ventional toroid muon spectrometer. 

Many different detector technolo
gies are under study, and a final 
choice of the specification for the 
various EAGLE components will be 
made when R and D work is com
plete. 

The Compact Muon Solenoid 
(CMS) LHC detector is designed to 
be compatible with the highest LHC 
collision rates, and is built around a 
15 m-long superconducting solenoid 
providing a 4T field. The strong field 
gives relatively compact muon meas
urement. R and D work for the muon 
detectors is looking at resistive plate 
chambers and parallel plate cham
bers for timing information and hon
eycomb strip chambers and wall-less 
drift chambers for spatial information. 

The central tracker will use small 
cells, based on silicon (or gallium 

arsenide) strip detectors and 
microstrip gas chambers, to ensure 
good pattern recognition under the 
stringent LHC conditions. Also inside 
the coil is a high resolution electro
magnetic calorimeter and a hadron 
calorimeter. 

CMS involves a team from 12 
CERN Member States, plus 
Byelorussia, Bulgaria, Estonia, Geor
gia, Hungary, Russia and the US. A 
wide range of ongoing R and D work 
examines the possible detector tech
nologies before deciding on final so
lutions. 

The L3 experiment at LEP was 
originally designed for use at both 
LEP and LHC, with a large experi
mental hall and magnet. Upgrade for 
LHC would involve improving the 
muon resolution, adding a fine-grain 
hadron calorimeter, increasing the 
magnetic field, and being able to lift 
the detector 120 centimetres from the 
LEP position to the LHC beams 
above. For the work, 39 institutes 
from the L3 LEP line-up have been 
joined by 20 more, mainly from China 
and the former Soviet bloc. 

Supplementing the main proton-pro
ton LHC programme are a range of 
other experiments, including fixed 
target studies. Expressions of inter
est received so far include ideas for 
two neutrino experiments and three 
studies concentrating on CP-violation 
in B-particle decays, one using a 
gas-jet target, one using extracted 
beams and one a colliding-beam 
setup. 

Although not the spearhead of LHC 
physics, ion-ion collisions will still 
play a major role, continuing a CERN 
tradition in this field (page 8). For ion 
collisions, three teams are interested 
- one using CMS, another using the 
(suitably modified) Delphi experiment 
at LEP, and a third using a new dedi
cated detector. 

CERN 
LEP in the Alps 

With CERN's 27-kilometre LEP elec
tron-positron collider shut down for 
the winter, LEP specialists met in 
Chamonix in the French Alps from 
19-25 January to review the ma
chine's 1991 performance (January/ 
February, page 6) and to look at 
ways of improving it. 

Nine specialist areas were covered 
- operations, instrumentation, ma
chine optics, the 'pretzl' scheme to 
increase the number of colliding 
bunches, energy calibration and po
larization, beam-beam interactions, 
optics for the LEP2 energy upgrade, 
and radiofrequency to power LEP2. 

Operational experience had shown 
the machine's limitations. While the 
total number of collisions in 1991 was 
twice that of the previous year, actual 
beam intensity had not changed sig
nificantly. Experience had also 
shown the need for better measure
ments of machine optics parameters. 
A long list of problems await further 
investigation, and the machine physi
cists warn that experiments may 
have to learn to live with higher back
grounds if beam intensities are to be 
improved. 

In the instrumentation sector, the 
specially developed streak camera 
had shown its worth in investigating 
little understood beam behaviour, 
and will be better exploited with a di
rect link to the control room. 

From the start, LEP has continually 
tried different tuning schemes to find 
an optimal working point, with 'split' 
horizontal and vertical tunes being 
popular. Additional options are to 
change the phase of the transverse 
(betatron) oscillations. Each choice 
has advantages and disadvantages, 
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but after careful consideration it was 
decided to go this year for an optimal 
90-degree phase option, which was 
carefully explored in last year's ma
chine development sessions. As well 
as reducing beam size and increas
ing collision rates, this choice should 
also benefit initial trials of the 'pretzl' 
scheme to increase LEP perfor
mance by handling more bunches 
per beam. As a foretaste of thing to 
come, LEP will try for eight bunches 
per beam sometime this year, in
stead of the normal four. 

The main limitations to increased 
beam intensity are known to come 
from transverse mode coupling insta
bilities for a single beam, com
pounded with beam-beam interac
tions once two beams are in the ring. 

Polarization studies last year (No
vember 1991, page 12) were encour
aging, with 20 per cent spin align
ments on the cards. As well as the 
spin oriented beams, this work also 
gives a precision handle on the LEP 
beam energy, which has to be known 
as accurately as possible for physics. 
However improvements over a few 
parts per thousand might have to 
take into account tidal effects due to 
the moon's gravity! 

In an effort to better understand 
troublesome beam-beam effects, 
some old octupole magnets left over 
from the Intersecting (proton) Stor
age Rings, closed in 1984, are being 
installed. 

The LEP200 energy upgrade is a 
major push to boost the beam energy 
above the threshold to produce W 
particle pairs. Although the supercon
ducting radiofrequency cavities are 
not arriving as quickly as expected, 
confidence is still high that industrial 
production will meet the planned 
1994 deadline. 

At the Chamonix meeting, special
ists from the Japanese KEK Labora
tory, where the TRISTAN collider has 

CERN's LEP electron-positron collider is the 
scene of major activity to boost the beam en
ergy from around 45 GeV towards 90 GeV to 
ensure mass-production of pairs of W particles 
in 1994. One major task is to install the neces
sary additional radiofrequency power. Here a 
new klystron gallery at Point 8 is being linked 
with the main LEP tunnel. 

(Photo CERN) 

used superconducting radio-
frequency since 1988, reported that 
accelerating power in the machine 
was frequently not as good as in 
bench tests. 

To attain the W-pair threshold thus 
needs adequate radiofrequency 
volts, together with enough klystrons 
to ensure sufficient beam power. 
The initial LEP superconducting cavi-

This compressor for the 6KW cryoplant at LEP 
Point 2 is already running. 

(Photo CERN 15.12.91) 

ties, installed at Point 2, have been in 
regular use since October. 

Meanwhile a major effort is continu
ing for everything LEP2 needs - cryo-
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genie plant, power supplies, civil en
gineering for new klystron galleries, 
additional cooling and ventilation, 
new (low-beta) magnets to squeeze 
the beams, vacuum, etc. 

In some areas the work for LEP2 
even surpasses what was needed for 
the initial machine configuration. 
LEP2's radiofrequency power re
quirements involve half as much 
work again as LEP1! 

1992 LEP goals include introducing 
eight-bunch 'pretzl' running, and do
ing polarization studies during phys
ics runs, while also aiming for an
other doubling of the recorded 
physics score. Other achievements 
cannot be ruled out, but no guaran
tees can be given. 

The LEP Chamonix meeting was 
organized by Steve Myers, with each 
specialist stream having a Chairman 
and a Scientific Secretary (in fact the 
relevant LEP Engineer-in-Charge). A 
major effort ensured that session 
documentation was ready in ad
vance. As well as LEP personnel, 
the meeting included invited special
ists from KEK (Japan), DESY (Ham
burg), and Cornell (US). 

Putting four LEP 
experiments together 

Since they started taking data in Au
gust 1989, the four big LEP experi
ments - Aleph, Delphi, L3 and Opal -
have been providing precision infor
mation about the Z particle, the elec
trically neutral carrier of the weak nu
clear force and at 91 GeV the 
heaviest elementary particle known. 

While the results reported by the 
four experiments have consistently 
been in step, they have almost al
ways been presented separately by 

Pulling together data on the Z resonance from 
the four experiments at CERN's LEP electron-
positron collider gives interesting consistency 
checks on the Standard Model, and in particu
lar limits the mass of the long-awaited sixth 
('top') quark (vertical axis). The implications of 
the mass of the Z and the inter-quark coupling 
strength (alphas), together with their remain
ing uncertainties, are plotted here against (a) 

the width of the Z resonance, (b) the Z width 
for decays into leptons, (c) the ratio of 
hadronic to leptonic widths, and (d) the ratio of 
weak interactions couplings, assuming a Higgs 
mass of 300 GeV (but with a possible variation 
between 50 and 1000 GeV). A top quark mass 
below 90 GeV has already been ruled out in 
searches at Fermilab's proton-antiproton 
collider. 
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each experiment. Even at CERN, ob
servers wanting a pan-LEP view 
have had to wait for summary talks at 
major international meetings. (Last 
year's major international conference 
in Geneva included several - Sep
tember 1991, page 1.) 

The four experiments continue to 
amass data and examine the Z and 
its decays in finer detail, but now an 
effort has been launched to combine 
their results. The move concentrates 
so far on pooling published data. 

The results provide as yet unprec
edented precision insights and wrap 
up even tighter the Standard Model -
the current picture of particle physics 
with the electroweak unification of 
electromagnetism and weak interac
tions married with the (quantum 
chromodynamics) field theory of in
ter-quark forces. 

Each LEP experiment measures in 
detail the shape of the Z resonance, 
charts its decays, and measures the 
delicate forward-backward asymme-
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Schematic of the new scheme being planned 
to provide experiments at CERN with beams of 
heavier ions, in traditional CERN style, all the 
'proton' machines are interlinked, and the 
scheme could ultimately go on to feed an even 
bigger link, the LHC collider in the 27-kilometre 
LEP tunnel. 
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try due to interference between elec-
tromagnetism and weak interactions. 
The pan-LEP analysis collaboration 
took the 650,000 Z decays from the 
1989 and 1990 data-taking periods 
(the combined score of the four ex
periments now exceeds two million). 
Systematic differences between the 
four experiments are small. 

The combined results give better 
values for some Standard Model pa
rameters and improved consistency 
checks, while showing graphically 
that the Model has room for only 
three types of particle families and 
three types of neutrinos. 

The Z can decay in a number of dif
ferent ways, including a pair of neutri
nos. These particles cannot be ob
served directly, and normally can 
only be inferred by mismatches in the 
energy deposited by visible particles. 
However decays giving just neutrinos 
leave no trace at all, so this possibil
ity only shows up when the total ob
servable Z reaction rate is compared 
with the width of the Z resonance. 

The width of a resonance is a 
measure of how easily it can decay -
the more decay possibilities there 
are, the faster it can disintegrate. By 
measuring the total Z width and the 
separate widths due to decays into 
hadrons (strongly interacting parti
cles) and visible leptons (weakly in
teracting particles), the experiments 
arrive at a remaining Invisible' width 
due to the decays into neutrinos. 

For the four experiments combined, 
the ratio of the invisible to leptonic 
width of the Z comes out to exactly 
three (assuming that the neutrinos 
are light). Alone, the fact that this 
number is an integer is dramatic con
firmation of the underlying theory, 
while its value confirms the three-
family picture. 

However LEP does not measure 
everything. The Standard Model in
formation pool has to be supple

mented with measurements from 
neutrino experiments and with infor
mation on the W, the electrically 
charged companion of the Z, from 
proton-antiproton collider studies. 

Taking all this data together gives 
consistency checks on those few cor
ners of the Standard Model which 
have yet to be found - the Higgs par
ticle at the origin of mass, and the 
sixth ('top') quark. While the sensitiv
ity to the Higgs particle is small, the 
top quark does make its presence 
felt. Top looks unlikely to weigh more 
than 200 GeV, while searches at 
Fermilab's proton-antiproton collider 
have already ruled out energies be
low about 90 GeV. The top door is 
closing fast. 

Heavier ions 

Work by a major international col
laboration is progressing well for a 
new heavy ion system, capable of 
providing experiments at CERN with 
a wide range of heavy ions, extend
ing up to the heaviest elements in the 
Periodic Table. First beams (of lead 
ions) should be available in 1994. 

High energy ions have long fea
tured on CERN's menu of charged 
particle beams - the Intersecting 
Storage Rings regularly used beams 
of deuterons and alpha particles. As 
well as continuing the studies using 
the SPS synchrotron, a long term aim 
is also to provide ion beams for the 
LHC collider to be built in the 27-kilo
metre LEP tunnel. 

In a collaboration with heavy ion 
specialist Laboratories Berkeley and 
GSI Darmstadt, work got underway 
at CERN in the early 1980s to extend 
the range of ions. As a result ion 
physics at CERN took a new direc
tion in 1986 with the availability in the 
SPS 'proton' synchrotron of beams of 
oxygen nuclei, with sulphur making a 
debut in 1987. 

One of the main objectives in this 
area of physics is the search for new 
states of matter, when quarks and 
gluons break loose from their con
ventional confinement inside nucle-
ons to form a quark-gluon plasma. 

While these experiments have 
given some interesting physics, ex
ploring the way nuclear matter be
haves and interacts, it is clear that 
production of the long-awaited quark-
gluon plasma demands the higher 
energy densities provided by much 
heavier ions slamming into targets. 
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Interior of the interdigital-H tank for a high 
charge state injector at the GSI heavy ion 
Laboratory, Darmstadt, showing the special 
arrangement of staggered electrodes inside 
the radiofrequency tank. A similar device will 
be supplied by GSI for CERN's future pro
gramme using a full range of heavy ions. 

(Photo A. Zschau) 

As well as a special ion source, the 
ion scheme developed at CERN in 
the 1980s involved some upgrading 
of the proton machines, particularly 
the 'old' linac, fed by a 
radiofrequency quadrupole (RFQ). 
With this linac already pushed to its 
limits with 33% higher internal fields, 
handling heavier ions requires a 
completely new linac, together with 
substantial upgrading of the down
stream machines and beamlines. 

The new electron cyclotron reso
nance heavy ion source, provided by 
the French GANIL heavy ion Labora
tory in Caen, will be an extrapolation 
of existing technology. It will feed a 
radiofrequency quadrupole (RFQ) 
taking the ions up to 0.25 MeV per 
nucleon. 

The next energy kick, to 4.2 MeV/ 
nucleon will come from a new linac, 
to be supplied by GSI, using the 
'interdigital H' structure. This is a 
variant of the classical Wideroe ac
celerating technique, with a series of 
drift tubes inside a radiofrequency 
cavity arranged to give high shunt 
impedance - a minimum amount of 
power lost in the cavity walls. 

The usefulness of interdigital H 
cavities, initially used to give particles 
emerging from Van de Graaff ma

chines an additional energy kick, has 
now been extended to cover a wider 
energy range. 

Software for the linac control sys
tem will be developed in India, a 
longtime enthusiastic user of CERN's 
ion beams. Other contributions to the 
new CERN scheme come from Italy, 
where Legn^ro and Turin will respec
tively supply the low energy (includ
ing the RFQ) and high energy beam 
transport systems. Frankfurt's Insti
tute for Applied Physics (IAP) will 
supply a debuncher to handle the 
beams after the linac. 

The next stage will be the Booster 
synchrotron, where improved beam 
instrumentation and a complicated 
series of beam handling gymnastics 
will take the particles into the relativ
ists regime at 96 MeV per nucleon. 
Gymnastics will continue for the 
transfer and injection into the PS syn
chrotron for acceleration up to 4.2 
GeV per nucleon. To handle the 
heavy ions, both the Booster and PS 
vacuum systems will have to be im
proved to attain the required 1 0 9 

millibar level, the former from a few 
10~8 millibars the latter from about 8 x 
10 9 . 

Finally the highly relativistic ions will 
be passed to the SPS where again 
ingenious methods of operation will 
be needed to take the particles to
wards the equivalent of about 160 
GeV per nucleon for lead (a total of 
over 30 TeV for the lead nucleus!) 
ready for the waiting experiments. 
Turin will provide additional SPS 
beam instrumentation. 

Taking the lead ions through this 
chain of machines will not be easy, 
but CERN's machine specialists are 
used to taking the challenges of new 
particles in their stride. Antiprotons, 
deuterons and alpha particles, oxy
gen and sulphur ions, and electrons 
and positrons have all been added to 
the beam menu in the past decade. 
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