
LEP for twice the energy 

In 1995, CERN's 27-kilometre LEP 
electron-positron collider should 
start operating for physics at consid
erably higher energy. Since its 
commissioning in 1989, the machine 
has been operating around 45.5 GeV 
per beam to give collision energies 
that home in on the Z particle - the 
electrically neutral carrier of the 
weak nuclear force, with a mass of 
91 GeV. 

The Z, discovered at CERN in 1983 
by Carlo Rubbia's UA1 proton-
antiproton tour de force, was for a 
long time a rare physics jewel. Until 
LEP came along, only a handful had 
been seen. With millions now cap
tured by the four LEP experiments -
Aleph, Delphi, L3 and Opal - the Z 
has become everyday physics, and 
the accumulated precision Z data 
give an incisive view inside today's 
Standard Model. The self-consist
ency of these measurements make 
physicists confident that the sixth 
('top') quark should turn up around 
150 GeV. 

But the Z is only one side of the 
picture. For the self-consistency of 
the Standard Model to become really 
watertight, a precision fix is also 
needed on the W at 81 GeV, the 
electrically charged companion 
of the Z. 

While the neutral Z can be pro
duced directly in electron-positron 
annihilations, the charged Ws can 
only be produced in pairs, hence the 
call for higher energies at LEP. (The 
project is known as LEP200, but 
200 GeV is acknowledged as an 
optimistic energy target.) To roughly 
double beam energy from around 
45 GeV for Z physics to the level 
needed for W production calls for 
an additional 1900 Megavolts of 
accelerating voltage. 

To drive this much accelerating 
power economically requires super
conducting accelerating cavities, and 

throughout the LEP project work has 
been going on in the background to 
develop the required technology. The 
first unit was installed in the ring in 
1990 (September 1990, page 24). 

But LEP 200 is more than just the 
supply and installation of 192 super
conducting accelerating cavities. 

Superconducting cavity for LEP 200 ready for 
high power testing. 

According to LEP200 project leader 
Carlo Wyss, work on the cavities 
represents only 22% of the total 
budget. Among the other LEP200 
activities, cryogenics, radiofrequency 
power and controls, civil engineering, 
electricity distribution and cooling 
equipment together represent a 
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Liquid helium reservoirs from Russia have 
been installed as part of LEP 200 cryogenics. 

significant fraction of the total effort 
invested in LEP. 

Manufacture of the superconducting 
cavities to precise specifications is an 
exacting task for industry. Supply is 
running some eight months behind 
the very ambitious original schedule, 
but Wyss, Philippe Bernard and their 
team are confident that some of this 
delay can be clawed back. Accep
tance tests are also encouraging, 
practically every unit comfortably 
exceeding the stipulated resonance 
quality (Q) and accelerating voltage 
requirements. 

Tests of the prototype cavities 
mounted in situ, together with all their 
complicated radiofrequency plumbing 
and attendant cooling, have identified 
and understood problems pulling 
performance 20% below its nominal 
value. 

After implementing the necessary 
improvements and with increased 
experience of mastering the tricky 
business of conditioning radio-
frequency superconducting equip
ment, the LEP200 team is confident 
that procedures will soon be found to 
ensure optimal performance. 

So far, LEP200 cryogenics have 
been confined to one site, Point 2, in 
the ring, but next year superconduct
ing cavities should make an appear
ance at Point 6, while new twin 230-
metre klystron galleries will be 
equipped at Points 4 and 8. 

When complete, LEP200's cryo
genic system, with four 12kW refrig
eration plants, will be considerable, 
about half as big again as that 
installed at the HERA electron-proton 
collider at DESY, Hamburg, with its 
totally superconducting proton ring. 
The LEP200 cryogenic plant includes 
liquid helium transfer lines and high 
pressure helium storage vessels 
supplied by Russia. 

As well as the cavities and the 
means to cool and drive them, LEP 

200 also calls for considerable 
upgrades in LEP vacuum system, 
power converters, separators, etc. All 
this work is carefully phased so that 
the full complement of superconduct
ing cavities should be installed and 
tested late in 1994, ready for physics 
operation in 1995. 

With LEP finally running at its full 

energy, its experiments should reap 
their first samples of W pairs. How
ever while LEP Z samples are 
counted in millions, Ws, produced off 
resonance, will be counted in thou
sands. Machine performance will 
therefore be critical, and ways of 
improving the luminosity are being 
looked at. 
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WhyY< ir Next ADC Should be Fast Converting 
Wilkinson, Full 12 Bits and from LeCroy 

Introducing the 1881 FASTBUS Charge Integrating ADC 

The recent advances in accelerator and detector technology and 
the ever increasing number of channels in experiments, places a 
greater demand on the charge integrating ADCs. High rate exper
iments in particular require the lowest dead time and shortest 
conversion time as well as high channel density, without sacrific
ing the performance of previous FASTBUS ADCs. 

The new Model 1881 was designed to meet these challenges by pro
viding benefits not found in other designs such as: 

Lowers the system's dead time. 

THE 1881 FEATURES; 

/ 64 Channels / Fast Conversion (15 JLLS) 

/ 50 - 500 nsec Gate Width / Sparsified Readout 

/ 64 Event Buffer / Low Cost per Channel 

/ 12-Bit Resolution Over Pedestal / ±0.1 LSB DNL 

Call, write < 
to receive the most recent 
data sheets and application notes! 
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. , . with 15 jisec conversion 
time, 64 event buffer and spar
sified readout since only data 
which exceeds individually 
programmed thresholds is 

buffered. Sparsification results 
in significantly lower dead time 
and higher event throughput, 
as shown in a fully loaded crate 
with 10% occupancy at 6 MHz 
readout rate. 

...of less than ±0.1 LSB DNL 
(typically ±0.05 LSB) with 
high channel density of 64 
channels, in a single FASTBUS 
width, is achieved with 64 
800 MHz Wilkinson converters 
operating simultaneously. 
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. . . of a true 12-bit resolution 
with a full 12 bits of range 
above pedestal, for wide 
dynamic range detector 
requirements. 

The Model 1881 represents the next step in FASTBUS ADCs. In addition 
to the above, it also offers a wide gate range, an on-board 64 event buffer 
and 64 channels per module, which makes the 1881 perfectly suited for 
calorimeters. All of these features provide you with more information 
faster with higher accuracy and at an affordable price. 
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The W pairs at LEP will be formed 
via an intermediate invisible Virtual' 
Z. However the W production will still 
bear the stamp of this intermediate 
particle, providing valuable informa
tion about the coupling of a Z to a W 
pair, another incisive test for the 
Standard Model. 

If the sixth quark is found at 
Fermilab's proton-antiproton collider, 
and if the precision on the W mass 
could attain ±50 MeV at LEP, then 
the veil could at last start to be lifted 
from the Higgs particles, the mysteri
ous symmetry breaking mechanism 
at the heart of the electroweak 
unification picture. 

LEP at 90° 

With twice as many Z particles 
logged this year, the performance of 
CERN's LEP electron-positron 
collider continues to improve. Para
doxically, the improvement would 
have been even better had it not 
been for teething problems with new 
operating conditions which will 
eventually boost performance still 
higher. 

Now solidly established, these new 
conditions, notably the 90° (instead 
of the previous 60°) phase for trans
verse betatron oscillations, and the 
'pretzel' scheme for eight bunches 
per beam instead of four (October, 
page 17), first had to be assimilated, 
and it took a few weeks before the 
LEP operating crews could add them 
to their full repertoire. 

Collision performance (measured 
by 'luminosity') continues to improve. 
Although in principle LEP has yet to 
deliver its 'design' luminosity of 1.3 x 
10 3 1 per sq cm per s at any one time, 
its best performance to date is not far 

off - 1.1 x 10 3 1 . The crews have 
become very skilled at optimizing 
conditions during each beam coast, 
with continual careful grooming of the 
beams ensuring high collision rates. 
This, together with improved perfor
mance at the four detectors - Aleph, 
Delphi, L3, and Opal - have led to 
average efficiency increasing to 57% 
from 44% in 1991, so that the lumi
nosity delivered over a day has 
exceeded what could have been 
expected initially, says Steve Myers. 

The main LEP limitations, as 
measured by the machine's beam 
current, are still the transverse 
coupling instabilities inherent for 
single beam operation, compounded 

with unwelcome beam-beam interac
tions once electron and positron 
beams are in the ring together. 

Some of the former is caused by 
the inevitable transverse impedance 
of the copper radiofrequency cavities 
used to accelerate the LEP beams. 
With superconducting radiofrequency 
cavities now being installed as part of 
the LEP200 programme to push the 

High tide at CERN. Due to the moon's gravity, 
the circumference of CERN's LEP electron-
positron collider varies by about a millimetre 
over 27 kilometres. These tiny effects are 
amplified by LEP, producing detectable 
changes in the beam energy, which is 
measured to 20 parts in a million using 
polarized (spin-oriented) beams 
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