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CERN 
Higher energies at LEP 

T his year will be the last that 
CERN's 27-kilometre LEP 

electron-positron collider will run 
routinely at around 45 GeV per 
beam. In the run, scheduled to begin 
in May, the four big experiments will 
top up their harvest so far of over 
12 million Z particles for a final 
polishing of precision Z data. 

Behind the scenes, LEP is being 
prepared for higher energy running 
and a new phase of physics. After a 
brief technical stop in October, the 
aim is for a test run of up to 70 GeV 
per beam before the end of the year. 

Higher energy demands more 
radiofrequency power, which will be 
supplied by superconducting cavities. 
With this goal in mind, a programme 
of development work began at CERN 
over ten years ago, when LEP was 
still on the drawing board. Initially this 
effort focused on cavities made from 
sheet niobium, but later switched to 
copper covered by a sputtered 
niobium film, which gives better 
thermal and r.f. performance 
(September 1990, page 24). 

The first industrially-manufactured 
four-cavity niobium coated module, 
complete with its cryostat and r.f 
plumbing, was installed in LEP in 
1993. Although it quickly achieved its 
nominal accelerating gradient of 
6 MV/m, its reliability was affected by 
unforeseen problems in the asso
ciated power couplers. 

This delayed the installation sched
ule, but after a crash programme of 
design and modification of the power 
couplers, together with improvements 
in actual cavity design and manufac
ture, module supply and testing has 
now attained a satisfactory rhythm. 

Two modules installed in LEP 
amassed between them over 50 days 
of continuous running in 1994, and 
confidence is now high that the 
emphasis can shift towards integrat
ing the cavities into LEP, rather than 
running the cavities themselves. 

During LEP's 1994-5 winter shut
down, modules are being installed at 
Points 2 and 6. Later, additional 
cavities will be installed in Points 2, 6 
and 8 prior to embarking on the 
higher energy test run at the end of 
the year. 

After installation of the remaining 
equipment and commissioning in 
1996, the machine, relabelled LEP2, 
will reach for its new goal of at least 
83 GeV per beam. For the first time, 
this will allow pairs of W particles to 
be mass-produced in electron-
positron collisions. 

So far, LEP has been focused on 
the Z resonance. Z particles, the 
carriers of the electrically neutral part 
of the weak interaction, are produced 
one at a time in electron-positron 
annihilations, and Z data have been 
steadily accumulating in the detec

tors since LEP was commissioned in 
1989. 

However the Z's electrically 
charged counterpart, the W, the 
carrier of beta decay, can only be 
produced in pairs in electron-positron 
collisions, each W pair - a positive 
and negatively-charged W - carrying 
zero net charge. Providing this 
amount of rest mass means almost 
doubling LEP's energy (the W and Z 
masses are some 80 and 91 GeV 
respectively). 

To perfect the precision picture of 
the Standard Model, the mass of the 
W has to be measured with a preci
sion approaching that of the Z, and 
the behaviour of the W has to be 
probed in depth. 

Because of the higher energy 
involved, producing pairs of Ws is 
more difficult than producing single 
Zs. For precision W physics, LEP has 
to supply 500 inverse picobarns of 
integrated luminosity over three 
years. At first sight this figure looks 
intimidating, but plans to boost LEP 
performance are well in hand 
(January/February, page 6). 
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The positron emission tomography (PET) 
image (recorded using the rotating PET 
scanner of the Division of Nuclear Medicine at 
Geneva Cantonal Hospital) shows slices 
around the spinal column of a rabbit. High 
density regions of electron-positron annihila
tion appear in white, showing the high 
metabolic activity of bone tissue. 

As well as studying W physics, 
LEP2 could also dig out clues on the 
long-awaited higgs mechanism which 
drives the symmetry breaking at the 
heart of the electroweak picture. 
Here it is important that LEP2 
reaches out as far in energy as it can 
reasonably go, and there is strong 
physics motivation for installing more 
radiofrequency power. 

1 and 2 February at CERN saw the 
first of a series of major meetings to 
study the physics possibilities at 
LEP2 (December 1993, page 14) and 
further meetings are scheduled for 
later this year en route to publication 
of a final report at the end of 1995. 
Meanwhile CERN management has 
requested an interim report on 
physics possibilities at energies 
beyond the W pair threshold. 

But first things first.... 

Radioactive beams for 
cancer research 

P ositron emission tomography 
(PET) is one of the big spinoff 

successes of basic physics for 
medicine, in the tradition of X-rays 
and nuclear magnetic resonance. 

In PET, specially prepared com
pounds (radiopharmaceuticals) 
labelled with positron-emitting iso
topes are used as tracers. The 
annihilation of a positron with an 
electron gives a characteristic back-
to-back pair of 511 keV photons, and 
detecting these coincident photons 
shows where the tracer has gone. 
As well as providing the technique 
itself, physics technology has also 
led to the development of cheap but 
effective PET detectors using 
multiwire proportional chambers. 

At CERN's ISOLDE on-line isotope 
separator and using the rotating PET 
scanner at Geneva Cantonal Hospital 
(April 1993, page 1), compounds 
labelled with exotic positron-emitting 
isotopes of rare earth elements are 
being investigated for use in cancer 
diagnosis. As well as CERN and the 
Geneva hospital, the collaboration 
involves the medical faculties of 
Basle and Geneva. 

Because of their very high purity 
(being carrier-free and isotopically 
separated) rare earth isotopes 
available at ISOLDE are very suitable 
for 'fine tuning' in biomedical cancer 
research.The radioactive metal ions 
are bound either to tumour-specific 
antibodies or in compounds with 
special affinities (low molecular 
chelators). The aim of the study is to 
learn more about the biological 
behaviour and the uptake mecha
nisms of such tracers in diagnosis 
and therapy. 

As an example, the positron-
emitting samarium-142 (73 minutes 
half-life) provides a quantitative 

measurement of radioactivity uptake, 
allowing the applied dose using 
samarium-153 to be precisely moni
tored to optimize the therapy for bone 
metastases. 

Electronics for LHC 
experiments 

The first workshop on electronics 
for LHC experiments will be held 

in Lisbon, from 11-15 September, 
organized by Lisbon's Particle Physics 
Instrumentation Laboratory (LIP), on 
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W ith its core business in defense 
and aerospace electronics, 
T H O M S O N - C S F 

S E M I C O N D U C T E U R S 
S P E C I F I Q U E S ( T C S ) 
has been involved for many years in 
radiation hardened technologies. 
The first one implemented at TCS 
was Silicon On Sapphire (SOS). 
However, with the need for complex 
radiation hardened digital IC's requi
ring submicron goemetries, SOS pro
ved impractical to reach such litho
graphic levels due to the high defect 
density within the silicon layer, inhe
rent to the sapphire/silicon interface. 
This is why TCS developed the SOI 
technology (Silicon On Insulator) 
based on SIMOX (Separation by 
IMplantation of OXygen) substrates. 
The materiel compatibility between 
the active and insulating layers yields 
the high quality substrates required 
for submicron geometries from 
0,8 |um available today down to 
0,5 pm and 0,35 pm in the future. 

With regards to radiation performance, 
SOI is latch-up free by construction 
and, thanks to the low value of 
the active silicon layer thickness, 
it brings dramatic improvements 
over epi CMOS in terms of upset 
performance, both heavy ions and 
protons or prompt dose induced. 
On top of these intrinsic advantages, 
TCS'SOI technologies have been 
hardened to total dose effects, 
thus providing effective solutions 
for any type of radiative environment. 

Achieving radiation performance 
goals and circuits electrical 
performance plus integration density 
is always the result of an optimization. 
From the starting SIMOX substrates, 
TCS has developed two types of 
SOI processes depending on 
the optimization factor : 

• HSOI3HD (1,2 jim) and HSOI4HD 
(0,8 |um) for applications requiring 
top performance total dose and /or 
upset behaviour. 

• HSOI4CB (0,8 jim) for radiation 
hardened complex IC's where electri
cal performance and integration 
density have to be similar to the epi 
CMOS ones : in that case, the 
process has been designed so that the 
physical design rules are compatible 
with conventional CMOS ones, 
thus allowing an easy hardening of 
an existing CMOS design by simply 
porting it on HSOI4CB 
(as an example, TCS has ported 
the popular 68020 32-bit micropro
cessor on this technology to reach 
more than 100 kRads total dose 
performance together with 
a 100-fold upset rate improvement 
over its epi CMOS counterpart). 

With such an approach, TCS offers 
state-of-the-art solutions for all 
applications ranging from space, 
strategic and tactical defense equip
ments, to high energy physics 
(particle accelerators) or nuclear 
power plants electronics. 

THOMSON-CSF SEMICONDUCTEURS SPECIFIQUES (TCS) 
offers a wide range of radiation hardened devices on SOI technology 
(»lMRad) : 

• Asics 1,2 jim digital standard cell library TSRH3 
1,2 jam analog and full custom design kit TSRHFC 
0,8 |im digital standard cell library TSRH4 
0,8 \xm digital standard cell library TSRT4 
(rad-tolerant version > 100 kRad)) 

• Standard parts 64 K and 256 K SRAMs 
A/D converters 8 bits/20 MHz 

• Microprocessors TS87H601 SPARC implementation 
TS68T020 and TS68T882 32 bits architecture 
(rad-tolerant version > 100 kRad) 

All these devices are dedicated for the applications such as : Space - defense -
high energy physics - nuclear power plant electronics - hostile environment 
robotics. 

O THOMSON-CSF SEMICONDUCTEURS SPECIFIQUES 
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behalf of CERN's LHC Electronics 
Review Board (LERB), one of the 
advisory boards to CERN's LHC 
Experiments Committee - LHCC. 

The role of the LERB is to review 
the electronics and photonics com
ponent of Technical Proposals for 
LHC experiments, and to monitor the 
current and future R&D programme 
in particle physics. As such it is one 
of the successors of CERN's suc
cessful Detector Research and 
Development Committee (DRCD), 
established in 1990 to help prepare 
the ground for LHC experiments. 
With the formal approval of LHC in 
December 1994, DRDC was discon
tinued. A review of DRDC achieve
ments will appear in a forthcoming 
issue. 

LERB will identify areas and en
courage efforts for rationalization and 
common development within and 
between the different experiment 
collaborations to help ensure the 
reliability and long-term maintain
ability of installed equipment. 
Members of the Board are drawn 
from laboratories participating in the 
LHC programme and are recognized 
specialists with positions of authority 
in their home institutes. 

The workshop will promote cross 
fertilization within the engineering 
and physics communities involved in 
the design of electronics for LHC 
experiments. The main topics will be 
- Electronics for trackers; Readout 
electronics for calorimeters; Readout 
electronics for muon detectors; 
Optoelectronic signal and data 
transfer; Trigger and event building 
systems; and Test and quality assur
ance systems. 

Authors are invited to submit papers 
applicable to future particle physics 
experiments describing develop
ments in the fields of system design, 
switching fabrics, data acquisition 
standards, triggering, signal process

ing and radiation hard electronics. 
Manufacturers are welcome to 
submit abstracts on state-of-the-art 
products. 

Review or tutorial talks by invited 
speakers will introduce each topic 
session, and the invited speaker will 
chair a round-table discussion at the 
end of each session. 

Abstracts and summaries will be 
made available at the time of the 
workshop and will include papers 
which cannot be granted an oral 
presentation because of time con
straints but which, in the view of the 
programme committee, are of inter
est to the community. Workshop 
records will be made available. 

Abstracts (100 words) and summa
ries (500 words) should be submitted 
by e-mail, preferably in PostScript 
format with Times 12pt font for the 
body of the text. The summary 
should be complete and describe the 
work, its relevance to experiments at 
LHC and important conclusions. The 
deadline for submission is 1 May. 
An acknowledgement will be sent by 
electronic mail. 

To be registered, receive the 
detailed programme, or the workshop 
poster, contact: Catherine 
DECOSSE, ECP Division, CERN, 
CH 1211 Geneva 23; e-mail 
decosse@cernvm.cern.ch fax 
(+41.22).767.90.95 

ECOLE 
POLYTECHNIQUE 
Acceleration by plasma 
beat waves 

A n experiment by a multi-discipli
nary team including laser, 

plasma, accelerator and particle 
detector specialists at the Ecole 

Polytechnique, Palaiseau, France, 
has confirmed the principle of particle 
acceleration by the 'beating' of laser 
waves. The first accelerated elec
trons were detected in May 1994, just 
after the apparatus had been com
pletely assembled, during the subse
quent set of experiments in July, and 
again in January. 

In the continual quest for new 
acceleration methods, such ideas 
had been proposed for several 
decades, but it was only about ten 
years ago that experimental verifica
tion of these effects began. 

In existing accelerators using 
radiofrequency cavities the electric 
field is limited to some hundred 
megavolts per metre, beyond which 
breakdowns occur. 

The joint use of power lasers and 
plasmas, however, should make it 
possible to generate fields very much 
greater than a GV/m. The light wave 
fulfils the same purpose as 
radiofrequency and the material 
medium required to couple the 
electromagnetic energy to the parti
cle beam is provided by the plasma 
which - already fully ionized - is not 
destroyed by a breakdown. 

In the wave-beating method, pro
posed in 1979 by Dawson and 
Tajima, two laser waves of adjacent 
frequencies are transmitted and 
produce 'beats'. If the frequency of 
these is equal to the natural oscilla
tion frequency of the plasma elec
trons, there is resonant energy 
transfer. The resultant longitudinal 
electric field is propagated at slightly 
below the speed of light and may be 
used to accelerate particles injected 
into the plasma in the right phase. 

The French team comprises the 
high energy nuclear physics labora
tory, the intense laser laboratory, the 
irradiated solids study section, and 
the centre for theoretical physics (all 
at the Ecole Polytechnique), together 
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