
Around the Laboratories 

The decay of a Z particle as seen by the 
Delphi experiment at CERN's LEP electron-
positron collider. The innermost tracking re
gion shows the hits recorded in the microv-
ertex detector (inner and outer radii 90 and 
109 mm) surrounding the beam pipe. 

The tracking continues outwards in the next 
layer of the inner detector before entering 
the time projection chamber. First results 
from the Delphi microvertex detector show 
resolutions in each plane of better than 7.5 
microns. 

to the Tevatron.) By way of con
trast the existing Main Ring acceler
ates 1.8 x 10 1 3 protons in twelve 
batches for delivery to the Teva
tron. 

The power supply and magnet 
system is designed to allow a sig
nificant increase in the number of 
120 GeV acceleration cycles for 

|jntiproton production, as well as 
•permitting a 120 GeV slow spill. 
The cycle time at 120 GeV can be 
as low as 1.5 seconds, believed to 
be the maximum rate at which the 
Antiproton Source can ultimately 
stack antiprotons, and is to be 
compared to the current Main Ring 
figure of 2.6 seconds. 

Fermilab's latest project could 
play a significant role in US high 
energy plans for the 1990s. 

Fermilab Main Injector Parameter 
List 

Circumference - 3319.419 metres 
Injection Momentum - 8.9 GeV/c 
Peak momentum - 150 GeV/c 
/linimum cycle time (at 120 GeV) -

1.5 sec 
Number of protons - 3 x 1 0 1 3 

Number of bunches - 498 
Protons/bunch - 6 x 1 0 1 0 

Number of straight sections - 8 
Length of standard cell - 34.3 
metres 
RF frequency (injection) -

52.8 MHz 
RF frequency (extraction) -

53.1 MHz 
RF voltage - 4 MV 
Number of dipoles - 300 
Dipole length - 6.1 metres 
Dipole field (at 150 GeV) -

1.73 tesla 
Dipole Field (at 8.9 GeV) -

0.1 tesla 
Number of quadrupoles - 202 
Quadrupole gradient -

19.6 tesla/m 

CERN 
Microvertices 

When beams of high energy elec
trons and positrons collide, some 
rare and highly unstable (and there
fore very interesting) particles can 
be formed. To pick up the tiny de
cay path of these transient parti
cles, which live for only a millionth 
of a millionth of a second (or even 
less) before they decay, needs 'mi
crovertex detectors' - precision 
tracking very close to the beam 
pipe. 

One technique developed with 
this in mind uses arrays of closely-
packed semiconductor diodes, the 
so-called 'silicon microstrips'. The 

first such detectors emerged about 
a decade ago, and from these initial 
devices with hundreds of strips 
and 200 micron pitch, the technol
ogy progressed to thousands of 
strips with 20-50 micron spacing. 

In the 1980s their use was con
fined to fixed target experiments 
searching for particles containing 
heavy quarks, pioneered by the 
NA11 and NA32 groups at CERN. 
Another notable early success was 
the 1985 B meson sighting by the 
WA75 experiment at CERN, which 
discerned track stubs only a frac
tion of a millimetre long. 

Silicon microvertex detectors are 
now in use at the Delphi and Aleph 
experiments at CERN's LEP elec
tron-positron collider, and initial re
sults are promising. Z events in 
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LEP progress 
With CERN's new LEP electron-
positron collider about half-way 
through its three-month run for 
this year, good progress conti
nues to be made, with produc
tion coasts for physics alterna
ting with machine development 
studies to bring the complex 
machine towards its design per
formance levels. 

In its debut last year, LEP sup
plied its four big experiments -
Aleph, L3, Delphi and Opal -
with a total of over 100,000 Z 
particles, boosting the world 
supply about a hundredfold. 

Optimism rose in April when a 
new tune value was found to 
give better beam accumulation, 

p Towards the end of May, careful 
1 optimization of the injection pro

cedures paid off, with long 
coasts of 12 hours or more and 
with beam intensity (electrons 
and positrons combined) attain
ing 4 mA after accumulation at 
the 20 GeV injection level and 
with 3.5 mA ramped to around 
45 GeV per beam for physics, 
an encouraging increase over 
last year's performance. At 
these levels LEP is really in busi
ness. 

Underlining this progress, in a 
subsequent development run the 
machine attained its design level 
of 0.75 mA in one bunch (2.88 
mA for four bunches) in single 
beam operation. * 

Superconducting low-beta' 
i1 magnets squeeze the beams in 

the experimental areas and 
boost the collision rate, but the 
luminosities (a measure of the 
collision rate) seen by the expe
riments have been unpredictable 
if the squeeze is pushed hard (to 
4 cm). Squeezing to the design 
value of 5 cm has been adopted 
for routine physics while machi
ne experts study how best to 
squeeze significantly below de
sign. 

Meanwhile the experiments 
are getting plenty of Zs, with the 
lowest-beta card and its poten
tial 60 per cent luminosity in
crease still to be played. Pushing 
the injection energy from the 
SPSfrom 20 to 21.8 GeV 
should also help. 
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* LEP's positron current 
has subsequently exceeded 
2.9 mA 

Delphi show that the spatial resolu
tion of each microvertex detector 
plane is better than 7.5 microns. A 
similar detector is planned for the 
Opal experiment. A silicon strip mi
crovertex detector is also used at 
the heart of the Mark II experiment 
at Stanford's SLC linear collider 
(May, page 9), while the SLD de
tector being prepared in the wings 
for SLC will use instead CCD tech
nology (November 1988, page 37). 

Delphi uses two concentric cylin
ders (actually 24-sided polygons as 
the constituent microstrip modules 
are flat) at 90 and 109 mm from 
the beam axis, fitting between the 
existing beampipe (radius 80 mm) 
and the innermost layer of the main 
detector (118 mm). With an active 
length of 240 mm, it gives sub
stantial angular coverage around 
the collision point. 

The microstrips themselves, five 
microns across set at 25 micron 
pitch, incorporate integrated cou
pling capacitors to facilitate read
out, a technique specially devel-

Steady increase in performance (integrated 
luminosity) by CERN's new LEP electron-po
sitron collider this year (compared to the ini
tial run last year), with production runs for 
physics alternating with machine develop
ment periods (the plateaux where no lumi
nosity score is kept). The luminosity figures 
do not take into account perturbations due 
to beam-beam effects which have yet to be 
accurately estimated. 

oped in CERN's silicon detector de
velopment group in collaboration 
with the Norwegian Centre for In
dustrial Research, Oslo. Each de
tector unit contains more than a 
thousand strips, and there are 
more than 50,000 readout chan
nels in total. New readout MXIII 
chips using CMOS technology and 
with reduced power consumption 
were developed by the UK Ruther
ford Appleton Laboratory's mi
croelectronics group, based on the 
original Microplex design. 

Two concentric barrels are also 
used in Aleph - 12 faces at 96mm 
radius inside 15 faces at 113 mm. 
The detector modules are wafers 
with strip patterns on both sides, 
one side measuring parallel to the 
beam and the other perpendicular, 
with strip pitch 25 and 50 microns 
respectively. This scheme reduces 
both the number of strip modules 
needed and the amount of scatter
ing material attenuating secondary 
particles, and improves three-di
mensional reconstruction. 



The microvertex detector for the Aleph ex
periment at CERN's LEP electron-positron 
collider uses double sided silicon strip mo
dules to assist three dimensional reconstruc
tion. 

The ALEPH Minivertcx Detector 
A 64-channel CMOS VLSI 

analog amplifier chip (CAMEX64) 
giving high gain, low noise amplifi
cation with low power consump
tion and fast power switching was 
specially developed at the Max 
Planck Institute Munich and the 
Fraunhofer Microelectronics Insti
tute, Duisburg. 

For Opal, the strip devices will 
be mounted in two concentric bar
rels with 11 faces in the inside and 
14 on the outside. Double-sided 
wafers are the preferred option, 
but a fallback solution with single-
sided units mounted back-to-back 
to give orthogonal coordinate read
out is also being prepared. The de
tector would be installed during the 
major LEP shutdown beginning in 
August and extending into next 
year. 

All experiments will benefit from 
a smaller LEP beam pipe in the ex
perimental areas, to be installed in 
the next shutdown so as to be rea
dy for running next year. This will 
allow the inner strip arrays to be 
mounted closer to the beam colli
sion point. 

UPPSALA 
Warm reception for 
cold beams 
The The (for Theodor) Svedberg 
Laboratory (commemorating the 
1926 Nobel prizewinner and pion
eer of Sweden's particle accelera
tor effort) groups all Uppsala accel
erator-based science. With a tan
dem machine, the rebuilt Gustaf 
Werner cyclotron and the CELSIUS 
cooler/storage ring, the centre cat
ers for some 50 experiments by 
200 scientists from all over Swed
en and further afield. 

Pride of place at the Laboratory 

goes to the 82-metre CELSIUS 
ring, equipped with magnets pre
viously used at CERN, first in the g-
2 ring to measure the anomalous 
magnetic moment of the muon, 
and then in the late 1970s in the 
ICE ring which explored the then 
new techniques for beam cooling. 

After initial operation last year 
(June 1989, page 24), CELSIUS re
search is getting into its stride. In
stalled in one 9.6 metre straight 
section, the electron cooler, built 
by Miroslav Sedlacek of Stock
holm's Royal Institute of Technolo
gy and Lars Hermansson of TSL, 
went into preliminary operation in 
May. It has cooled protons at the 
48 MeV injection energy, and with 
only 150 mA of electron beam cur
rent has achieved a cooling time of 
about one second. The momentum 
width in a 1 0 1 0 proton beam ap
pears to be a hundred times small
er than that of the injected beam. 

The electron cooler's gun pro
vides a 2 cm-diameter circular 
beam at up to 3 A. In a homogen
eous longitudinal magnetic field of 
up to 0.18 tesla, the electrons can 
be taken to between 10 and 300 
keV. 

CELSIUS is filled from the adja
cent Gustaf Werner cyclotron (sub
stantially rebuilt since it was com
missioned as a 185 MeV synchro
cyclotron, Europe's highest energy 
machine, in 1949), using multi-turn 
injection and two time-dependent 
'bumping' magnets, together with 
a septum magnet and electrostatic 
deflectors for small angular correc
tions. As well as providing mag
nets, CERN has also assisted in the 
development of the CELSIUS injec
tion and acceleration scheme. 

For CELSIUS, the cyclotron in 
fact supplies hydrogen-2+ ions 
(two protons bound with one elec
tron). This beam is moved by the 
bumper magnets onto a stripping 
foil, the resulting proton beam be
coming separated from the parent 
ion beam. This technique gives 
beams a hundred times more in
tense than with protons alone, with 
about 7 mA (4 x 1 0 1 0 protons) 
having been stored. 

Maximum proton energy in CEL
SIUS is currently 1.3 GeV, dictated 
by the power available. The mag
net lattice could handle 2 GeV pro
tons. 

Another straight section con-
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