
TE S LA - TeV Superconducting Linear 
Acceleration - is being hailed as a good route 
to future high energy linear electron-positron 
colliders, and many research centres are 
collaborating in TESLA R&D work. This shows 
a cross-section for a possible TESLA design. 

as particle factories, both linear and 
circular colliders, recirculating linacs 
and in heavy ion storage rings. Their 
low R/Q is an advantage in control
ling beam loading in proton and 
electron rings. Wolfgang Weingarten 

of CERN, in a review of the super
conducting cavity scene, mentioned 
that production lines at CEBAF, 
CERN, Darmstadt, DESY and KEK 
had between them made 200 units 
with fields averaging 9 to 10 MV/m 

and at best, in the lab, as high as 
16.5 MV/m. The Q values were 
typically 3.5 to 5.4 x 1 0 9 and at best 7 
x 1 0 9 . Both at CEBAF and CERN, all 
but one or two cavities met the 
specification. This was in spite of the 
fact that CERN had raised specifica
tions in response to good results 
from niobium-coated copper cavities 

Performance in operation was 
generally not as good, but every 
research centre had its own quite 
different practical reason for this, 
ranging from insufficient cooling to 
synchrotron radiation background. 

(The second part of this Hamburg 
report, covering the status of the 
major current accelerator projects, 
will feature in our November issue.) 

By Edmund J.N. Wilson, Leader, 
CERN Accelerator School 

Around the Laboratories 

CERN 
The best of the bunch 

As other factors governing the 
electron-positron collision rate in 
CERN's LEP 27-kilometre storage 
ring reach their limit, one way of 
coaxing the collision rate higher is to 
increase the number of bunches 
stored in the ring. 

Normally LEP operates with four 
bunches in each of the counter-
rotating beams. This gives collisions 
at eight evenly-spaced points, the 

four sites occupied by the big LEP 
experiments - Aleph, Delphi, L3 and 
Opal - and the intervening points, as 
yet unoccupied. To avoid the latter 
unwanted collisions, the beam orbits 
are locally 'bumped' by electrostatic 
separators. 

Increasing the number of LEP 
beam bunches beyond four in an 
effort to increase the luminosity 
(collision rate) would also result in 
additional unwanted collisions in the 
arcs of the machine. These cause 
deleterious beam-beam effects and 
reduce the beam lifetime 
dramatically, but can be avoided by 
installing additional electrostatic 

separators to pull the beam orbits 
apart at many places in the arc. 

This technique, known as the 
'pretzel' scheme, has resulted in 
significant performance 
improvements at Cornell's CESR 
electron-positron ring. Proton-
antiproton colliders have also 
benefited from pretzels - the 
performance of CERN's collider 
improved following a transition from 
3- to 6-bunch operation, and 
electrostatic separators have also 
been fitted to Fermilab's Tevatron. 

With the decommissioning of 
CERN's proton-antiproton collider, 
electrostatic separators became 
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The full 'pretzel' scheme in CERN's LEP 
electron-positron collider enables the number 
of colliding bunches to be increased beyond 
the four initially foreseen. To suppress the 
additional (unwanted) collisions, extra 
electrostatic separators have been installed 
around the (even-numbered) Interaction points 
(IP) to 'bump' the beams. The TAZis an 
additional test area. 

available for installation in LEP last 
year. Firsts tests in 1991, with four 
separators, were hampered by 
sparking, but this was soon 
overcome with suitable polarity 
settings and initial investigations of 
beam dynamics in the 'half-pretzel' 
scheme were encouraging. 

Most LEP operation this year has 
used a new 'low emittance' optics 
(with 90 rather than 60 degrees of 
betatron phase advance in each arc 
cell) which provides the smaller 
beam sizes needed now for the 
pretzel scheme and later for collision 
energies near 200 GeV. Although 
luminosities were initially lower, the 
use of the 'emittance wiggler' 
magnets gave more stable beams in 
collision and boosted the 

accumulated luminosity, despite 
slightly lower peak figures. 

The powerful new 'polarization 
wigglers' to lengthen the bunches at 
the injection energy of 20 GeV, 
together with additional correction 
and feedback systems, has provided 
beam currents to match those 
achieved with 60 degree operation. 

Unlike the pioneer CESR pretzel 
scheme at Cornell, in which the 
particles are injected into the storage 
ring at their nominal energy, LEP 
operation is complicated by having to 
accelerate the beams prior to 
bringing them into collision. Thanks 
to the new optics, these problems 
were completely overcome in the first 
1992 LEP pretzel trials. With the full 
complement of eight separators in 

place, first full pretzel LEP running in 
1992 used eight electron bunches 
with four of positrons, and modest 
luminosities were recorded. 

An unforeseen setback delayed 
further pretzel studies, and two 
further machine development runs for 
pretzel tests were specially 
scheduled. For the first time, eight 
bunches were injected in both 
beams. An interleaved injection 
scheme to fill the two groups of four 
bunches per beam on alternate 
cycles of the SPS (as LEP injector) 
was tried and worked well. With all 
the polarization wigglers at maximum 
field at injection, a 16 mm separation 
between the bunch encounters in 
mid-arc gave currents above 300 
microamps per bunch with good 
injection rates. 

Total beam currents of over 4 mA 
(in both beams) were successfully 
ramped to 45.6 GeV with negligible 
losses. The electrostatic separators 
were ramped to keep the pretzel 
separation constant and the beams 
were squeezed as usual with no 
losses. Healthy luminosities resulted, 
comparable to those achieved in 
four-bunch running.In an attempt to 
improve the luminosity, some 
progress was made in improving the 
beam crossings. The LEP 
experiments took advantage of this 
run to test out their triggers and 
timing systems with eight bunches 
per beam. Under the optimum 
polarity scheme, the electrostatic 
separators behaved themselves. In 
the second run, on 19 August, 
physics conditions were officially 
'declared' for some 10 hours. 

Before the pretzel scheme can be 
brought into regular operation, the 
tricky business of eliminating 
miscrossings has to be mastered. 
This should result in increased 
luminosity and reduce background at 
the experiments. 
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Is Massively Parallel Processing the future of 
supercomputing? Computer performance 
(measured in Mega-, Giga-, or Teraflops) can 
be improved by playing on the number of 
processors used (vertical axis) and the power 
of each processor (horizontal axis). In the 
former case, the limiting factor is the ability of 
all the processors to talk to each other, while in 
the latter it is simply the speed of light. Some 
solutions (5, 6) go for a few high performance 
processors, while others (1,2) use assemblies 
of more modest units to achieve their goals. 

Meanwhile LEP is now performing 
well after some initial problems with 
90-degree operation earlier this year. 
The introduction of polarization 
wigglers to increase the bunch length 
has improved beam currents, and 
initial luminosities are now 
comparable to those seen previously 
with 60-degree operation (some 7 x 
10 3 0 per sq cm per s). New software 
facilitates ramping and squeezing the 
beams, with shorter turnround times 
between physics coasts. 

With better understanding of the 
complicated LEP procedures and 
improved skill in carrying out tricky 
manipulations, the luminosity can be 
maintained for longer in the coasts. 
This gives higher integrated 
luminosities, so that with the four 
experiments having already passed 
last year's score, they should 
substantially add to their score of 
accumulated Zs. 

Massive parallel 
processing 

On 19 June at CERN, an important 
meeting organized by CERN's 
recently established Massively 
Parallel Processing (MPP) steering 
group highlighted some special future 
needs of high energy physics 
computing. It was attended by more 
than 110 scientists, including 
physicists from external institutes and 
representatives from computer 
industries. 

The major aim of the event was to 
present physicists with preliminary 
results from investigating this 
technology at CERN and assessing 
the commercial market. Another 
objective was to initiate discussion 

and establish plans for further action 
in this field, where Massively Parallel 
Computing technology could 
dramatically increase the computing 
power available for high energy 
physics. 

P. G. Innocenti, leader of CERN's 
Electronics and Computing for 
Physics (ECP) Division opened the 
meeting by reviewing the current 
understanding of computing for 
experiments at the LHC proton-
proton collider to be built in CERN's 
LEP tunnel. He presented in general 
terms the foreseen trigger and data 
acquisition architecture and 
explained some basic parameters 
that make LHC computing a 
challenge if there is no 
accompanying breakthrough in 
computer technology. 

L. Robertson, responsible for 
RISC farming services in the 
computer centre and co-ordinator of 
MPP activities in CERN's Computing 

and Networks (CN) Division, 
reviewed what has been learnt in 
developing and exploiting computing 
farms for several different 
applications at CERN, explained 
some limitations of this approach and 
presented the plans of the MPP 
steering group. 

B. Dobinson, ECP co-ordinator of 
MPP activities, presented the CERN 
experience in MPP projects 
developed in the framework of the 
European ESPRIT programme. F. 
Gagliardi from the MPP steering 
group reviewed existing technology 
and compared the major MPP 
products available on the commercial 
market, and I. Willers, also from the 
MPP steering group, presented the 
most relevant programming 
techniques and software paradigms 
for MPP. Turning to applications, U. 
Wolff from the CERN Theory Division 
surveyed for lattice field theory 
simulations and concluded with a call 
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for investment in this kind of 
computing. 

F. Carminati of the MPP steering 
group discussed the potential for 
data analysis and event simulation. 
S. Cittolin, leader of the ECP Read
out Architecture group, explained his 
view of the LHC data acquisition 
architecture. He expressed some 
doubts about the cost effectiveness 
of MPP versus computing farming in 
this particular field and concluded 
that interactive data analysis was the 
most likely application for MPP 
technology at CERN. 

G. Shering reviewed problems in 
the accelerator and engineering 
design and on-line control areas. 
Several programs developed by 
physicists and by industry require 
large amounts of computing power 
and have been traditionally run on 
powerful supercomputers. Amongst 
other examples, he mentioned the 
LHC magnet simulation and particle 
tracking programs, which can easily 
take 10 hours of CPU time on a Cray. 

However other applications, 
notably magnets and radiofrequency 
cavities, will need a major increase in 
computing power to move from two 
to three-dimensional design, while 
the complexity and the prototyping 
cost of future accelerator design 
should naturally call for more 
accurate and powerful simulation. 

In a panel discussion, R. Brun set 
the ball rolling by presenting some 
benchmarks produced by the 
College de France, running Geant on 
a parallel machine (Telmat T800) 
with different parameters to simulate 
event, primary track and secondary 
track level parallelism. 

Some physicists shared his 
scepticism on sub-event parallelism, 
while others expressed concern on 
the I/O capability of existing MPP 
products. However people felt more 
comfortable with data visualization 

applications because of the analogy 
with database applications already 
successfully demonstrated on MPP 
commercial platforms. 

R. Bock presented some 
benchmark trigger architectures in 
RD-11. After explaining the 
shortcomings and advantages of 
SIMD, MIMD and other parallel 
systems in this domain, he concluded 
that general-purpose MIMD systems 
could may be of interest if the 
network latency problem could be 
minimized. 

Physicists from large LEP 
collaborations underlined the 
importance of writing code for MPP in 
portable and hardware independent 
fashion. The price-performance ratio 
of MPP versus workstation-based 
computer farms was deemed to be 
critical. Everybody concurred that an 
organized approach is called for to 
better understand MPP and try out 
some real applications on a modest, 
but reasonable, hardware platform. 
This could be done in collaboration 
with external institutes and firms. 

Summarizing, CN Division Leader 
D. O. Williams pointed to the need to 
plan further technical investigations, 
set up a forum to discuss benchmark 
results, and explore collaboration 
with manufacturers and other centres 
already active in the field. It will be 
vital to try out typical applications on 
a real machine as soon as possible. 
This new technology will be 
successful only when all involved 
have easy access to MPP. 

(A mailing list has been set up to 
keep people informed of the MPP 
steering group's activities. Contact 
F. Gagliardi, CERN CN Division, e-
mail FAB@vxcern.cern.ch.) 

From F. Gagliardi 

SUPERCOLLIDER 
String test success 

On 14 August at the 
Superconducting Supercollider (SSC) 
Laboratory in Ellis County, Texas, the 
Accelerator Systems String Test 
(ASST)successfully met its objective 
by operating a half-cell of five collider 
dipole magnets, one quadrupole 
magnet, and two spool pieces at the 
design current of 6500 amperes. 

This major milestone for the SSC 
was met six weeks ahead of the 
schedule established two years ago. 
Cooldown began in June and current 
was slowly raised, testing the quench 
protection system along the way. 
The test demonstrated the quality of 
the industrially assembled magnets 
and the associated power, cooling, 
and control equipment to operate 
together successfully as a system. 

The magnets were assembled this 
spring by General Dynamics 
personnel working at Fermilab, and 
were cooled by a specially built 
helium refrigerator. General 
Dynamics is now preparing a plant in 
Hammond, Louisiana for eventual 
high rate production of collider 
dipoles, and Westinghouse is 
preparing a similar facility in Round 
Rock, Texas. Magnets assembled 
by Westinghouse workers at 
Brookhaven will also be tested at the 
ASST. 

The ASST will continue to be a 
valuable test bed for magnets, spool 
pieces, control software, refrigerator 
operating software (optimizing for 
efficiency), and magnet installation 
procedures. Magnet tests will be 
include longevity, thermal cycling 
effects, ramp rate effects, and other 
operating conditions. Future ASST 
activities will involve one and 
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