
Around the Laboratories 

The first superconducting radiofrequency ac
celerating cavities have been installed in 
CERN's LEP electron-positron collider. The 
plan is to boost beam energies from 50 to 
90 GeVby 1994. 

(Photo CERN 359. 1.90) 

CERN 
LEP in action again 

On 25 March, electron and posi
tron beams were colliding again in 
LEP, CERN's new 27-kilometre el
ectron-positron collider, marking 
the end of the winter shutdown 
and the commencement of a hefty 
run scheduled to last, wi th only mi
nor interruptions, through to the 
end of August. 

High in the list of priorities is to 
increase LEP's collision rate and 
push the luminosity towards the 
design figure of 1.7 x 1 0 3 1 per sq 
cm per s (best so far 4.9 x 10 3 0 ) 
by squeezing the colliding beams 
tighter together, by increasing the 
beam current, and by improving 
beam quality (reduced horizontal 
emittance). Another goal is to im
prove setting up procedures and 
minimize turnround time in refilling 
the machine, the overall aim being 
a maximum number of accumulated 
electron-positron collisions. 

Among new features of the ma
chine are four superconducting sol
id niobium radiofrequency cavities, 
installed at Point 2, as the first 
components of the future super
conducting acceleration system. 
Precious experience of supercon
ducting cavity operation will be 
gained this year, allowing the fine 
tuning of important details before 
ordering series production. Over 
the next few years LEP's supercon
ducting accelerating power, using 
mainly niobium-coated copper rath
er than solid niobium cavities, will 
be progressively increased to take 
the beams from their present level 
around 50 GeV to about 90 GeV 
by 1994. 

A t these higher energies, the 
colliding electrons and positrons 
will be able to produce pairs of W 

particles, the electrically charged 
carrier of the weak nuclear force, 
discovered at CERN in 1983. So 
far, W physics has been the exclu
sive province of the experiments at 
the CERN and Fermilab proton-anti-
proton colliders (see page 3). The 
debut of precision W studies at the 
four LEP experiments, Aleph, Opal, 
Delphi and L3, will provide import
ant new physics insights. 

The superconducting radiofre
quency cavity installation pro
gramme foresees eight niobium-
coated cavities at the beginning of 
next year. These will be the first 
cavities of this type to operate in 
the LEP environment and the ex
perience will again be valuable in 
view of the start of series cavity 
production in the fall of that year. 
The fol lowing year will see 24 
more solid niobium cavities arrive 
to provide the full complement of 
32 in Point 2. In 1993, the first 

major consignment of niobium-
coated units, 32 of them, will be 
installed in Point 6, wi th 128 more 
arriving the fol lowing year, fore
seen for Points 4 and 8. 

The necessary cryogenics will be 
in place before the cavities are in
stalled, wi th an initial cooling pow
er of some 12 kW at the even-
numbered intersection points. The 
additional power to run LEP mag
nets at the higher fields needed to 
guide the more energetic beams 
should be in place by 1992. 

Civil engineering will get under
way at Points 4 and 8 for the 212-
metre underground galleries to 
house the additional klystrons to 
drive the local radiofrequency units, 
wi th groups of 16 cavities pow
ered by each 1 M W klystron. Wi th 
average accelerating fields of 5 or 
7 M V / m , it will be possible to 
store beams of 4 or 2.9 mA 
respectively. 
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PARTICLE DETECTORS 
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Research and development work 
for superconducting radiofrequency 
cavities began at CERN ten years 
ago, when LEP was still on the 
drawing board. T w o lines of attack 
were chosen - cavities made f rom 
solid niobium sheet, and f rom cop
per sputter-coated with a thin su
perconducting niobium layer (No
vember 1988, page 14). 

On the solid niobium front, use
ful accelerating fields were at
tained, but it became clear that per
formance was at the mercy of local 
'hot spots ' due to impurities in the 
metal. This can be avoided wi th 
copper coated with niobium, which 
conducts heat four times better 
than solid niobium. This solution at 
the same time minimizes suscepti
bility to small magnetic fields, elimi
nating the need for magnetic 
shielding. 

The coated cavities promise per
formance as good as, if not better, 
than that available f rom highest 
quality niobium. Wi th a kilogram of 
niobium costing about a thousand 
Swiss francs, there are also con
siderable cost savings. 

The production of the coated 
cavities will involve considerable 
'technology transfer' f rom CERN to 
industry. As already mentioned, 
eight cavities built at CERN will be 
ready for installation in the LEP ring 
next January. After tenders this 
year, selected suppliers will have 
one year to deliver prototype in
dustrial cavities before authoriza
tion to proceed with series produc
t ion. 

From four, the number of super
conducting radiofrequency acceler
ating cavities in LEP will eventually 
reach 192. 

The UA2 experiment at CERN's proton-anti-
proton collider (Photo CERN 286.8.88) 

Keeping W watch 

With the Z, the electrically neutral 
carrier of the weak nuclear force, in 
such good shape after the 
measurements by the four experi
ments at CERN's LEP electron-posi
tron collider (December 1989, page 
18), and by the Mark II detector at 
Stanford's SLC linear collider (No
vember 1989, page 1), physicists 
are careful not to overlook its elec
trically charged counterpart, the W. 
Both W and Z parameters are 
needed to fix the electroweak theo
ry completely. 

The W is seen more frequently 
than the Z in proton-antiproton col
lisions and is about 10 GeV lighter. 
However it would have to be pro
duced in pairs (carrying zero net 
charge) in electron-positron annihi

lations. A t least for the time being, 
neither LEP nor SLC can raise 
enough steam to reach the W-pair 
threshold, and the W thus contin
ues to be the preserve of high en
ergy proton-antiproton collider 
studies. The particle is picked up 
through decays producing among 
other things a tone lepton (electron 
or muon) at a wide angle to the 
collision axis (high transverse ener
gy) accompanied by the delicate 
footprint of a neutrino. 

As neutrinos can only rarely be 
detected, they usually have to be 
inferred by pooling the transverse 
energy picked up in the detector 
and looking for a mismatch, or 
'missing energy', indicating that 
something has escaped unseen. 

The UA2 experiment at CERN 
made a big effort to upgrade and 
extend its calorimetry (measure-
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Mass spectrum for the W particle from the 
UA2 experiment at CERN's proton-antipro
ton collider. When combined with the mass 
measurements of the companion Z particle, 
this gives a precise W mass figure centred 
around 80.49 GeV. 

ment of energy deposition) to im
prove missing transverse energy 
measurements and to refine elec
tron identification procedures. 
Thanks to the smooth running of 
CERN's Ant iproton Accumulator 
Complex and with record proton-
antiproton collision rates (luminosi
ties up to 3 x 1 0 3 0 per sq cm per 
s), UA2 had a lot of data (7.4 in
verse picobarns) under its belt. All 
this has paid off wi th a new W 
mass measurement which provides 
an important new benchmark for 
the electroweak picture. 

From a sample of 54 Z decays 
into electron-positron pairs wi th 
both leptons in the fiducial region 
of the central calorimeter, and 94 
wi th one or other of the leptons in 
this region, careful analysis gave 
the Z mass as 91.49 GeV wi th a 
statistical error of ± 0.35 GeV, a 
systematic error of ± 0.12 GeV 
and a scale error of ± 0.92 GeV 
reflecting the uncertainty in the en
ergy calibration of the central calo
rimeter. 

The W results are based on a 
background-free sample of 1203 
examples of decays into an elec
tron and a neutrino, and extensive 
simulations to evaluate systematic 
uncertainties. The W mass result is 
80 .79 ± 0.31 ± 0.21 ± 0.81 
GeV, the errors being statistical, 
systematic and scale respectively, 
as for the Z. 

The energy scale uncertainty 
cancels out for the ratio of the W 
and Z masses : 0 .8831 ± 0 .0048 
(statistical) ± 0 .0026 (systematic). 
Using the precision Z mass from 
LEP and SLC experiments as input 
gives a rescaled W mass, the most 
precise so far, of 80.49 ± 0.43 ± 
0 .24 GeV. 

Later this year CERN's proton-
antiproton collider should be in ac
tion once more, this time wi th new 
quadrupoles compressing the 

beams even further to boost colli
sion rates. 

Fermilab's Tevatron proton-anti
proton collider is not scheduled to 
run this year, but the CDF facility 
which saw its first collisions in 
1985 has a lot of data to work on, 
while in the wings the DO detector 
is being prepared (March, page 6). 

Bending beams by 
crystals 
The steering and deflection ('chan
neling') of particle beams by the 
atomic symmetry of crystals has 
long been studied at low energies 
and is being increasingly investi
gated at high energies. A t several 
Laboratories (December 1989, 
page 24), bent silicon crystals have 
been used to guide particle beams. 

A t CERN, an Aarhus/CERN/ 
Strasbourg team, using a 4 cm-
long, 0.9 mm-thick curved silicon 
crystal, have bent a 450 GeV pro
ton beam from the SPS synchro
tron through 7.4 milliradians, equi
valent to a beam bending power of 
11 tesla-metres, normally requiring 
a conventional bending magnet 
about six metres long. 

About 15 per cent of the pro
tons are deviated, ensuring a useful 
level of emerging particles. Due to 
the highly parallel incident beam, 
this bending efficiency is orders of 
magnitude higher than that seen 
earlier, reaching close to the theo
retical maximum for bending 
through channeling, allowing a cru
cial test of model calculations. In 
addition correlated scattering with 
crystal atoms, wi th critical angles 
of about 7 microradians, ensures 
that the emerging beam is highly 
parallel. 
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