
Around the Laboratories 
Cryogenic modules containing superconduct
ing radiofrequency cavities being prepared for 
installation in CERN's LEP collider, where they 
will provide additional accelerating power to 
take the electron and positron beams to higher 
energies. 
(Photo CERNAC 17.4.95) 

time such cryogenic systems will 
have been used on such a large 
scale. 

When this work is underway, the 
magnets of the string can take a back 
seat, and interest focuses instead on 
such questions as understanding the 
behaviour of the quench protection 
system and investigating quench 
propagation from one magnet to the 
next. Because of the complicated 
plumbing, replacing an LHC magnet 
is not easy. However quenches due 
to beam losses may be inevitable 
during commissioning. The onset of 
small voltage differences can be 
used to trigger the quench protection 
system. Its final form will depend on 
experience with the string tests. 

At its first cooldown at CERN on 
June 7, a 1-metre LHC model dipole 
magnet using niobium-tin conductor 
and designed and built by the Univer
sity of Twente in the Netherlands in 
co-operation with CERN, NIKHEF 
and HOLEC and supported by the 
Netherlands Technology Foundation 
STW achieved at its first quench a 
record central field of 11.1 T at 4.4 K. 

Niobium-tin operating at 4.4K was 
initially investigated as a possible 
conductor for LHC magnets, but the 
practical problems of handling this 
very brittle material and its very high 
cost led to a decision in favour of 
niobium-titanium at 1.8K. Niobium-tin 
has to be wound and then processed 
to produce the superconducting alloy 
(the 'wind-and-react' technique). In 
addition, the electrical insulation 
would have to withstand this difficult 
heat treatment. However this 
achievement is interesting for possi
ble high field magnets for special 
applications, such as low-beta 
quadrupoles to compress the beams 
at the interaction regions. 

CERN 
A hinge between LEP 
and the LHC 

L ater this year, if all goes well, the 
beam energy of CERN's LEP 

electron-positron collider should be 
increased to around 70 GeV per 
beam (collision energy 140 GeV), 
giving a foretaste of things to come. 
Since 1989, the 27-kilometre ring has 
been operating around 45 GeV per 
beam to feed its four physics experi
ments with a steady diet of Z parti
cles, the electrically neutral carriers 
of the weak nuclear force. This has 
given precision results on vital 
parameters of the Standard Model. 

Meanwhile work has been steadily 
pushing ahead to upgrade LEP to 
LEP2, installing superconducting ra
diofrequency cavities (January 1994, 
page 6) and ancillary cryogenics 
equipment to boost the machine's 
energy and reach new areas of phy
sics interest. The initial goal is to pro
duce pairs of W particles, the electri

cally charged counterparts of the Z. 
As far as the machine is concerned, 

at these higher energies, the 'beam-
beam' interaction between the 
contra-rotating electrons and posi
trons is reduced, so more particles 
can be pumped into the ring. To 
achieve this, LEP has switched to the 
new 'bunch train' scheme (see page 
14) each train containing several 
'carriages' (bunches) of particles. 

To attain its physics objectives, 
LEP2's target is 500 inverse 
picobarns of integrated luminosity 
over the next few years. This is a 
challenge as LEP's integrated lumi
nosity to date (since the machine 
was commissioned in 1989) is some 
160 inverse picobarns, itself viewed 
as no mean achievement. 

To reach higher energies, the 
accelerating power at LEP is being 
increased with installation of super
conducting radiofrequency cavities. 
After initial trials with solid niobium, 
LEP2 relies on the more reliable 
performance provided by copper, 
with its better heat conduction prop
erties, coated with a superconducting 
film of niobium. Even so heroic 
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preprocessing is required to ensure 
optimal performance. After initial 
trials revealed welding weaknesses, 
the plumbing for the power couplers 
demanded a special effort, but this 
has been overcome. Overall, the 
development and installation pro
gramme for LEP2 cryogenics and 
associated equipment has been 
especially demanding. 

Towards the end of this year LEP is 
scheduled to run equipped with 14 
cryogenic modules (of which most 
are already installed), each module 
containing four superconducting 
cavities. These superconducting 
cavities complement LEP's existing 
accelerating system based on con
ventional copper cavities operating at 
room temperature. If all goes well, 
this should enable the beam energy 
to reach 70 GeV. 

After an extended shutdown to 
accommodate the necessary installa
tion work, LEP2 is scheduled to 
recommence operations next June 
with 32 superconducting modules. If 
all goes well, the beam energy could 
then attain about 80 GeV, and later in 
1996, after installation of cryogenic 
units in all the available space in the 
ring (a total of 40 modules), the stage 
would be set for the beam energy to 
reach the threshold at which pairs of 
W particles will be produced. 

Results at this higher energy will 
add to the list of precision Standard 
Model results. However many physi
cists are convinced that the predict
able behaviour of the Standard 
Model is a reflection of an underlying 
layer of as-yet undiscovered 
'supersymmetric' particles, which 
should make their appearance as 
energies attain the necessary pro
duction threshold. 

After LEP, the next physics horizon 
will open up at CERN's LHC proton-
proton collider, scheduled to begin 

operations in about ten years. The 
LHC will surely uncover a rich new 
vein of physics, but it is important 
that no fertile ground should be 
skipped in moving physics from LEP 
to the LHC. 

By judiciously replacing LEP's 
original copper radiofrequency 
accelerating cavities with supercon
ducting ones, the beam energy could 
be coaxed still higher, enabling LEP 
to explore a maximum of physics 
terrain. The exact strategy will be 
worked out over the coming months. 

A major goal at higher energies is 
the higgs mechanism responsible for 
symmetry breaking in the electro-
weak picture and which thereby 
endows particles with mass. While 
the higgs domain will certainly open 
up at the LHC, LEP2 and the LHC 
must overlap so that no threshold 
higgs effects slip through any inter
vening crack. 

The higgs mechanism is suscepti
ble to quantum fluctuations - particle 
exchanges classically not allowed but 
which can nevertheless happen 
transiently with energy 'borrowed' 
through the Uncertainty Principle. 

The precision results at LEP show 
that such higgs effects are not yet 
visible, but, because the natural 
scale of electroweak interactions is 
so different to those of quarks and 
gluons, the effects should set in 
before energies reach a few TeV. 

As part of the world-wide effort to develop the 
technology for the next generation of electron-
positron linear colliders, the SBLC project at 
DESY is based on the well developed SLAC 
(Stanford) 3.0 GHz (S-band) approach. DESY 
in collaboration with SLAC, TH Darmstadt and 
industry has successfully developed a 
powerful S-band klystron yielding a peak 
power of 150 MW in a radiofrequency pulse 3 
microseconds long. First 6 m accelerating 
structures have been built and are now being 
tested. 

DESY 
Choosing an electron 
route 

n surveying the current particle 
physics scene, the European 

Committee for Future Accelerators 
(ECFA) meeting held at DESY, 
Hamburg, in June naturally high
lighted work at the host Laboratory. 
A particular focus was development 
work for the next generation of linear 
colliders to accelerate electrons and 
positrons towards a total collision 
energy of 0.5 TeV. 

Owing to the inherent simplicity of 
the annihilation process, the study of 
electron-positron interactions has 
yielded a wealth of information on the 
basic constituents of matter and the 
forces which act between them. 
Indeed, an electron-positron collider 
which covers the mass range be-
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