
Around the 
Laboratories 

needed a special effort in data 
communications. Richard Mount of 
Caltech looked after the international 
computer network. 

L3 has its own dedicated computer 
for data analysis. Provided by US 
Department of Energy funds, it 
currently uses an advanced IBM 
3090-200J processor. 

Despite its size and complexity, the 
detector worked very well when LEP 
provided its first beams in the sum
mer of 1989. A few dead sectors in 
the vertex chamber were soon 
replaced. 

Sam Ting sees the three data 
taking seasons so far as only the 
beginning of a long career for L3. 
With the current data samples there 
is little to choose between the four 
detectors, he explains. However 
specific design objectives should 
come into their own in the next few 
years, when the experiments have 
each a few million Z decays under 
their belts. He highlights the first L3 
results on B physics (particles con
taining the fifth 'beauty', or 'b', quark) 
as a pointer to L3's future capabili
ties. These results include branching 
ratios for semi-leptonic b quark 
decays, the affinity of the Z particle 
for b quarks, the mixing parameter of 
the neutral B mesons, and the 
lifetime of B particles. 

Also for the future, L3 is installing 
forward-backward muon chambers to 
extend muon coverage down to 22 
degree angles. This will be particu
larly important for running at higher 
LEP energies to study the physics of 
W particle pairs. L3 will also be fitted 
with a microvertex detector inside the 
Time Expansion Chamber and 
immediately around a new narrow 
beam pipe, to improve tracking for 
very short-lived particles. 

Despite the complexity of the 
detector and the size of the experi
mental collaboration, L3's results are 

presented publicly in a refreshingly 
clean and easy-to-assimilate form. 
'Physics comes from transmission of 
simple ideas,' explains Ting. 'You 
don't have to go into too many 
details.' 

A specially developed streak camera at 
CERN's LEP electron-positron collider can 
give top (left) and lateral views of the circulat
ing particle bunches. In this photograph, the 
development of the bunches (each a few 
centimetres long, about a millimetre high and a 
few millimetres across) in successive (bottom 
to top) turns around the 27-kilometre ring 
shows delicate oscillations. This camera has 
proved invaluable in understanding the 
complex behaviour of the LEP beams. 

(Photo CERN CO 36.11.91/3) 

CERN 
LEP vintage 1991 

When CERN's 27-kilometre LEP 
electron-positron collider finished its 
1991 run in mid-November, the four 
big experiments - Aleph, Delphi, L3 
and Opal - had each amassed about 
300,000 Z particles over eight 
months. This was about twice the 
figure for the 1990 run, so that the 
total number of Zs seen by the four 
detectors since experiments got 
underway in August 1989 now 
exceeds two million. 

1991 started on an optimistic note. 
Lessons had been learned, and a 
healthy crop of Zs was expected. In 
addition, LEP would continue to scan 
around the Z energy to see how 
behaviour changes across the 
resonance. 

After the experience of the 1990 
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run, simulation studies had sug
gested how troublesome beam-beam 
effects could be sidestepped using a 
new optimal working point (horizontal 
and vertical tuning). This worked, and 
together with some magnet realign
ment, gave luminosities of some 7 x 
10 3 0 persq cm pers, compared with 
a best of 5 x 10 3 0 in the previous 
year. 

Among other things, beam-beam 
effects had meant that the experi
ments saw less than the predicted 
luminosity. In addition, the four 
experiments, spaced symmetrically 
around the ring, had each seen a 
different luminosity. In 1991, they 
enjoyed equal and predictable shares 
of electrons and positrons. 

The next tentative advance came 
when new measurements showed 
that the (low-beta) focussing 
quadrupoles were not squeezing the 
colliding beams as tightly as was 
thought. The collision rate is very 
dependent on this final beam com
pression, and rectifying the error 
quickly took the luminosity to 10 3 1 . 
With the Z score climbing fast, 
confidence was high. 

However this fresh optimism was 
short-lived. The new conditions 
brought in their wake high back
grounds and radiation problems in 
the experiments. The new settings 
had to be abandoned, and the peak 
luminosity took a step back. 

The experiments log their data 
while stable beams collide, a good 
beam coast lasting about eight or 
nine hours, sometimes more. Before 
the next one, the depleted beams 
have to be dumped and the ring 
refilled with fresh particles. Ramping 
the beams from the 20 GeV at which 
they are injected from the SPS 
towards 45 GeV takes the best part 
of an hour, and the final grooming of 
the beams before physics conditions 
are 'declared' normally takes another 

hour. However these figures are very 
variable, and coast turnround time 
has been as short as one hour. 

Accumulated experience and know-
how continually improve overall 
machine efficiency (the ratio of 
collision coast time to total time 
available for physics). One particular 
1991 improvement (which also 
reduced residual beam-beam effects) 
was a combined ramp and squeeze 
procedure to simultaneously acceler
ate the LEP particles and focus them 
at the collision points. Over the year, 
the average efficiency was about 44 
per cent, but attained 70 per cent at 
times. 

Running during the height of the 
summer was dogged by a series of 
equipment failures. Also taking their 
toll were power supply instabilities 
due to thunderstorms, and skill 
shortages with key personnel enjoy
ing well-earned vacations. 

This down-time underlined the 
importance of comprehensive moni
toring and diagnostics. The LEP 
control room can now follow a lot 
more behaviour on-line and antici
pate trouble. 

At the beginning of October a major 
vacuum leak was found in the beam 
tube inside the Delphi experiment, 
where the aluminium lining had 
become detached from the outer 
carbon fibre reinforcement. After 
heroic efforts, a sleeve was fitted to 
get physics underway again for the 
remainder of the run and minimize 
downtime. 

After three operational seasons, the 
LEP team still acknowledge that their 
machine is tricky. Unforeseen wrin
kles need careful investigation, but 
smoothing out one quickly reveals 
another somewhere else. The latest 
LEP obstacle to appear is unwanted 
sidebands of main resonances 
attacking the positron beam. 

Interleaved with the physics, as 

always, was machine development 
time. As well as exploring new 
machine optics for improved running, 
the main 1991 goals were beam 
polarization (leading to an improved 
energy calibration - November, page 
10), testing superconducting 
radiofrequency units which will take 
the LEP collision energy towards 200 
GeV, and preparing the way for the 
'pretzl' scheme - running with eight, 
rather than four - bunches per beam. 

The 1992 LEP run begins in April. 

SuperLEARative 

With CERN's SPS ring now only 
occasionally serving as a proton-
antiproton collider, the LEAR low 
energy antiproton ring at CERN is the 
main client for CERN's antiproton 
supply system. 

LEAR has attacked a wide range of 
physics problems since its commis
sioning in 1983, and the experimental 
programme is continuing, notably 
with three major second generation 
studies - Crystal Barrel, Obelix and 
Jetset - while the CP-LEAR experi
ment is also poised to make impor
tant new contributions. However it is 
becoming increasingly clear that 
continued progress needs antiproton 
energies beyond the 2 GeV currently 
available. 

With the Quantum Chromodynam-
ics field theory of inter-quark forces in 
good shape, the gluons which carry 
this force should also show up as 
particles ('glueballs'), or combine with 
quarks to form hybrid particles. Initial 
evidence for glueballs has been seen 
(July/August 1989, page 21), but 
further study is needed to clinch the 
assignment. 

Quarks could form complex 'mo
lecular' states as well as just baryons 
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P - fast rise, exp. fall; S - nominal square pulse; St - step; M - quasi monocycle; 
D - internal delay option; R - internal rate option; A - auxiliary low level trigger 
outputs (for sampling pretrigger etc); V - variable pulse length 
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A 157'-metre circumference ring of supercon
ducting magnets envisaged for the 
SuperLEAR antiproton scheme at CERN. 

(composed of three quarks) and 
mesons (quark-antiquark pairs). The 
particle spectrum invites further 
explanation, while evidence for gluon 
interactions (known at high energy) 
could be found at lower energies, 
and particularly in proton-antiproton 
annihilation. 

To supply the higher energies 
needed to exploit this physics, plans 

have been prepared for a new 
SuperLEAR storage ring using 
superconducting magnets. 
Antiprotons would be injected into the 
PS synchrotron at 3.5 GeV (as at 
present), for acceleration or decel
eration prior to injection into 
SuperLEAR. Operation of this mod
est 157 metre-circumference ring 
could be interleaved with major PS 

functions (LEP, heavy ions, LHC). 
As well as examining the physics 

aims in detail, a workshop with 120 
participants in Zurich from 9-12 
October also looked at the machine 
possibilities. Several options have 
been prepared, with different ar
rangements of gas jet targets and 
extracted beafns. 

Three high priority SuperLEAR 
physics objectives were identified at 
Zurich - spectroscopy of particles 
containing the fourth ('charm') quark, 
light quark spectroscopy in the 2-3 
GeV mass range, and the production 
of hyperon pairs. 

'Charmonium' states (composed of 
a bound charmed quark and 
antiquark) are a good laboratory for 
studying the details quark forces. A 
wider range of these states is acces
sible through proton-antiproton 
annihilation than through the elec
tron-positron route (for example at a 
tau-charm factory). 

In contrast to light quarks, where 
states cluster and overlap, the 
charmonium spectrum is well spaced 
out. With the potential of the inter-
quark force well known, the spectrum 
is also predictable, so that 'exotic' 
additional particles would soon show 
up. 

In the light quark sector, the basic 
quark-antiquark states are well 
charted. However many additional 
levels are expected carrying radial 
and angular momentum (just as in 
atomic spectroscopy). To explore this 
potentially rich spectrum, where the 
component quarks are wider apart 
than usual, needs higher proton-
antiproton energies. 

If a decision is taken next year, 
SuperLEAR could be running for 
physics in 1996. The configuration of 
jet targets and extracted beams 
would have to be carefully matched 
with the physics objectives, and the 
Zurich meeting helped the selection 
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Construction at the Ellis County, Texas, site of 
the Superconducting Supercollider (SSC). 
Right is the football-pitch size Magnet 
Development Laboratory (MDL), and at lower 
left the Accelerator String Test System (ASST, 
some 200 metres long, and now complete). 
Under construction alongside are the refrigera
tion buildings. Nearby, work for the first 
magnet delivery shaft has now also begun. 

of likely scenarios. 
Two working groups on the concep

tual design of possible detectors 
have been set up, one for extracted 
beams and external targets, headed 
by Lucien Montanet (e-mail montanet 
at cernvm.cern.ch) and the other, on 
internal target possibilities, headed 
by Claude Amsler (e-mail amsler at 
cernvm.cern.ch). 

SUPERCOLLIDER 
Texas meeting 

With preparations pushing forward 
for the Superconducting Supercol
lider (SSC) to be built in Ellis County, 
Texas, there was a full agenda at the 
third SSC fall conference, held in 
Corpus Christi, Texas, from 14-17 
October. 

Participants heard that civil con
struction is progressing at the N15 
area, with staff and equipment 
already moving into the Magnet 
Development Laboratory. The Accel
erator System String Test (ASST) 
building was completed in October, 
and installation of refrigeration 
equipment has now begun. The 
ASST will be used for system testing 
of a string of full-length 50-mm 
collider dipole magnets, now being 
assembled by industry using facilities 
at Fermilab and Brookhaven. 

On the machine side, the design of 
the accelerator complex continues to 
be refined, with the low-, medium-
and high energy boosters better 
optimized. Soviet accelerator physi
cists working at the SSC Laboratory 
have contributed to this work. 

An SSC site development plan, 
drawn up by the architectural and 
engineering contractor, covers 
technical facilities and lays out 
buildings, roads, utilities and other 

services for the east and west com
plexes. A zoning plan for Ellis County 
is being prepared by an independent 
contractor. The first campus building 
contracts are expected to be 
awarded by the end of the year, and 
'pioneers' should start moving onto 
the campus during 1994. 

On the experimental side, the first 
major proposal - the Solenoidal 
Detector Collaboration (SDC) - has 
selected scintillating tiles with wave
length-shifting fibre readout for its 
central calorimeter. The tracking 
radius has been fixed at 1.7m, while 
the number of layers of silicon and 
other trackers has been reduced to 
lower costs and reduce thickness of 
material near the interaction point. 

The second major detector candi
date - the Gammas, Electrons and 
Muons (GEM) collaboration - in
volved 300 physicists from nine 
countries as of October, and was 
growing rapidly. Detector technology 
options were being selected - for the 
electromagnetic calorimeter, barium 
fluoride and an accordion geometry 
liquid argon or krypton were being 

studied. The magnet is planned as a 
large (17m diameter x 30m long) 
unshielded superconducting sole
noid. 

A full day of the Corpus Christi 
meeting was devoted to detector 
research and development, with talks 
on calorimetry, tracking, electronics, 
muon systems, and computing. 

Meanwhile magnets are being built 
at the SSC Laboratory, and the first 
SSCL-built magnet has been assem
bled and successfully tested. This 
short 50-mm-aperture dipole went to 
'short sample' (the superconductor 
current limit, about 7500 amperes at 
4.35 K) on the first quench when 
testing began at Fermilab in October, 
and has continued to perform con
sistently. 

The first prototype 'spool piece' has 
been sent to Fermilab as part of the 
40-mm magnet test programme 
(December 1991, page 6). Each half-
cell of the collider lattice will include a 
spool piece to provide the interface 
between the magnets and the out
side world of electrical power, liquid 
helium, and control systems. A spool 
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