
L3 — experiment for LEP 

are t w o very distinct approaches 
to the mysteries of elementary 
particle physics. I call them the 
upwards path and the downwards 
path. Abdus Salam and Steven 
Weinberg, for example, fo l low the 
latter — starting f rom some brilliant 
idea, like the Einstein approach, 
one attempts to go f rom a theory 
of everything to the mundane silly 
little effects seen at accelerators. 
This downwards path is a difficult 
one which began wi th Einstein's 
brilliant discovery of general rela
tivity in 1917 and has continued 
downhil l ever since! 

The upwards path is a dirtier 
business. We listen to our exper
imental colleagues and try to glean 
little bits and pieces that do not 
fit into our standard and arrogant 
picture of the universe. 

As my theoretical colleagues 
have already said, the downwards 
path is not getting very far. But 
the upwards path is not getting 
very far either! 

Simon van der Meer spoke about 
international competit ion in high 
energy physics. I don't think we 
should regard this as competit ion 
any more. It was when it was 
cheap, but today it has become 
very much more expensive. I hope 
that what has been an active com
petition in the past will evolve into 
a fruitful collaboration. The success 
of CERN — a collaboration of 
13 nations — will be usefully ex
panded. Let me say today, to be 
rebroadcast in five years, that this 
Nobel Prize, awarded to these dis
tinguished and very deserving Eu
ropeans, will mark the beginning 
of a high energy physics collabo
ration with the other countries of 
the wor ld . ' 

Overall layout of the L3 experiment for the 
LEP electron-positron collider now under 
construction at CERN. 

To conclude our series of articles 
on the four big experiments for 
the giant LEP electron-positron 
now being built at CERN, we turn 
to the L3 study. (The other three 
experiments are DELPHI — see 
July/August 1984 issue, page 
227 , ALEPH - see September 
1984 issue, page 269 , and OPAL 
— see November 1984 issue, page 
375.) 

While the other three experi
ments have concocted fancy acro
nyms, the title L3 simply stems 
from the fact it was the third letter 
of intent to be received back in 
1982 when ideas for LEP experi
ments were first tabled. However 
the modest label is no reflection 
on the experiment's ambitions, 
and L3 head Sam Ting is still 
looking for a suitable name'for his 
experiment. 

Our understanding of the funda
mental forces of Nature leans on 

t w o basic pillars, gauge invariance 
and the mechanism of spontaneous 
symmetry breaking. Gauge invar
iance, which provides the field the
ories to describe electromagne-
t ism, the electroweak unification 
and inter-quark forces, is now well 
understood. 

However spontaneous symmetry 
breaking, which provides for exam
ple the mass scales of the elec
troweak theory, is on less sure 
ground. Underlying this mechanism 
are new particles, yet to reveal 
themselves — the 'Higgs' bosons. 
There are no clear-cut predictions 
of where these objects will be 
found (unlike the very precise pre
dictions for the W and Z gauge 
particles). To uncover signs of 
these particles at LEP will require 
precise measurements of relatively 
rare processes. L3 has been de
signed wi th this firmly in mind. An 
additional aim is to carry out pre-
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General view of the winding workshop at 
CERN for the big L3 magnet coil. 
The coil half-turns are electron beam welded 
on the table in the foreground. A third of 
the coil has already been completed. 

(Photo CERN 798.5.84) 

cise measurements of the standard 
electroweak sector. All this will 
require in-depth analysis of 'miss
ing mass' — energy carried off by 
invisible particles like neutrinos — 
and detailed spectroscopy of the 
produced clusters ('jets') of elec
trons, muons, photons and ha-
drons. 

The L3 collaboration includes 
Lund f rom Sweden, Siegen and 
Aachen from West Germany, 
Zeuthen from East Germany, Buda
pest f rom Hungary, NIKHEF from 
the Netherlands, ITEP Moscow 
from the USSR, ETH Zurich, Gen
eva, Lausanne and CERN from 
Switzerland, Annecy and Lyon 
f rom France, Florence, Rome and 
Naples f rom Italy, Madrid f rom 
Spain, Bombay from India, Beijing 
and Hofei f rom China, and a big 
US contingent — Caltech, Carne
gie-Mellon, Harvard, Johns Hop
kins, Honolulu, Michigan, MIT, 
Northeastern, Oklahoma, Ohio 
State, Princeton, Rutgers and Yale. 
Involving some 400 scientists, it 
is the first major physics collabo
ration involving Western Europe, 
the USSR, the USA and the Peo
ple's Republic of China. 

The detector features a large 
magnetic hall enclosing an easily 
modifiable central detector, wi th 
physics objectives extending 
beyond those of the initial phase 
of LEP running (collision energies 
of around 100 GeV). The design 
places great emphasis on high pre
cision (one per cent) measurement 
of photon, electron and muon 
momenta, together wi th good re
solution of hadron jets and precise 
information from the interaction 
vertex. 

To be installed 50 m below 
ground, the detector will be en
closed in a 8000 ton solenoid, 
15.6 m high and 13.6 m long, pro
viding a central field of 0.5 t. A t 

the centre of this magnetic 'cave' 
will be the vertex detector, a 'Time 
Expansion Chamber' (TEC) extend
ing 50 cm radially from the inter
action point and providing high 
spatial and track separation reso
lution. 

Surrounding the vertex detector 
will be another novel feature — an 
electromagnetic calorimeter con
sisting of a cylindrical array of 
12 0 0 0 crystals of bismuth ger
manium oxide (BGO), read out by 
photodiodes insensitive to mag
netic fields. The raw material for 
the 10 tons of BGO comes f rom 
the Soviet Union and is sent to 
CERN prior to shipment to China, 
where it is made into crystals at 
the Shanghai Institute of Ceramics. 

The electromagnetic calorimeter 
will be fol lowed in turn by the 400 -
ton hadron calorimeter, and a 
muon spectrometer arranged in 
three layers. 

The inner detector will be sup
ported by an adjustable octagonal 
tube, 50 mm thick and weighing 
170 tons, concentric wi th the 
beamline and extending almost the 
length of the experimental hall. In 
this way the detector components 
can be moved independent of the 
outer magnet structure. 

The large hadron calorimeter, 
housed inside the support tube, 
will be sectioned to allow access 
to the BGO and vertex chamber 
within. The muon chambers will 
be supported outside the tube, 
and the detector will be completed 
wi th hadron endcaps and wi th for
ward detectors for t w o photon 
physics and for luminosity 
measurements. 

Responsibility for the big magnet 
and the experimental area is shared 
by CERN, ETH Zurich, ITEP Mos
cow and MIT. The 168 turns of 
the magnet coil are being electron 
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L3 muon chamber manufacture underway 
at Harvard. Tests have shown that a 
completed octant can provide muon pair 
mass resolution of one per cent at the 
Z° mass. 

welded from heat treated Anticor-
odal 4 1 , offering better mechanical 
strength than pure aluminium wi th 
only marginally less conductivity. 
Its rated current is 30 kA, and the 
4 M W of generated heat will be 
removed by water cooling. 

The coil will be mounted in a 
frame built of Soviet steel using 
an ingenious modular construction 
method. As well as increasing the 
field homogeneity, the steel frame 
will boost the magnetic field itself 
by 30 per cent. One third of the 
coil has already been completed 
at CERN, and the delivery of the 
Soviet steel runs according to 
schedule. 

Great emphasis is placed on 
muon detection. Built by a NIKHEF, 
Madrid, ETH Zurich, Harvard, 
Johns Hopkins, MIT, Northeastern, 
Rutgers and Yale team, the large 
radial space between the solenoid 
and the hadron calorimeter will 
handle muon pair masses up to 
160 GeV (good enough for a future 
hadron collider in the LEP tunnel). 
Filling such a large space wi th one 
big chamber poses obvious diffi
culties, and the detector will rely 
instead on three separate layers 
(16, 24 and 16 wires) sampling 
the muon tracks. This clustering 
in fact should give better intrinsic 
resolution than one big chamber 
wi th 56 uniformly spaced wires. 

Each muon chamber will contain 
some 6 0 0 0 crossed field and 
sense wires. The muon chamber 
assembly will be supported on a 
large 'Ferris Wheel ' structure. One 
octant of the muon chamber has 
been completed and calibration 
wi th ultra-violet lasers promises a 
muon pair mass resolution of one 
per cent at the Z° mass. 

The hadron calorimeter is the 
responsibility of an Aachen / 
Florence / ITEP Moscow / Michi
gan / Rome / Bombay / ETH Zu

rich — EIR (see below) team. Ha
dron events are expected to make 
up about three quarters of electron-
positron annihilations with LEP 
tuned to the Z° energy. As well 
as measuring total energy 
deposited, the calorimeter will give 
the direction of energy f low (very 
important for jet physics) and help 
wi th muon identification. 

The octagonal barrel calorimeter 
(inner radius 87 cm and outer 

radius 213 cm) and endcaps will 
be built f rom some 400 tons of 
copper and uranium absorbers, 
interspersed wi th proportional 
tubes. The barrel structure will be 
grouped into cellular towers con
taining precision uranium plates 
provided by the Soviet Union and 
chambers developed at the Univer
sity of Michigan. The whole struc
ture will be assembled at the Swiss 
Federal Institute for Reactor 
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24 cm-long BGO crystals for the L3 
electromagnetic calorimeter. L3's BGO 
needs mass production methods. 

Expansion Chamber' (TEC) solution 
has been adopted to provide pre
cision lifetime measurements, to 
measure charges and multiplicities, 
to distinguish between particle 
types and to reconstruct charged 
particle momenta. 

The cylindrical TEC will have 
alternate low field 'drift ' segments, 
electrostatically isolated by fine 
grids f rom the neighbouring high 
field 'detection gap' segments. 
The potential between the cathode 
and the grid determines the veloc
ity of ionization in the drift region 
(some 5 microns/sec). Thus 
clusters of electrons drift relatively 
slowly to the grid, where they 
cross into the detection gap (where 
drift velocity increases to about 
50 microns/sec) and are multiplied 
at the anode. 

In a conventional drift chamber, 
the drift t ime is measured from the 
edge of the anode signal (the first 

Research (Eidgenossisches Institut 
fur Reaktorforschung — EIR). 

The design of the detector 
places severe constraints on the 
electromagnetic calorimeter, which 
nevertheless must ensure good 
energy resolution over a wide 
range of electron and photon ener
gies, good angular resolution for 
photons down to 50 MeV, efficient 
rejection of hadrons, and good 
separation of electromagnetic 
showers. 

BGO's high absorbency relative 
to other scintillating materials (lead 
glass, sodium iodide) offers a more 
compact detector, so leaving 
ample radial space for muon detec
t ion. BGO was first exploited as a 
substitute for sodium iodide in 
X-ray tomography, and has since 
been used in positron emission 
tomographs, in nuclear physics, 
and in space experiments. As well 
as having high stopping power it 

is non-hygroscopic. 
However it is conventionally 

expensive, and a big programme 
has been launched to manufacture 
the material cheaply in the required 
quantities. Mass production of 
BGO crystals has already begun 
at the Shanghai Institute of Ceram
ics. Tests indicate that the material 
has a resolution comparable wi th 
sodium iodide. BGO readout elec
tronics is the responsibility of Lyon 
and Princeton and is progressing 
well . Mass production should begin 
later this year. 

Participating in the electromag
netic calorimeter work are Aachen, 
Annecy, Beijing, Budapest, Caltech, 
Carnegie-Mellon, CERN, Geneva, 
Hofei, Lausanne, Lyon, Madrid, 
Munich, Moscow, NIKHEF, Prince
ton and Rome. 

Inside the electromagnetic calo
rimeter will be the 100 cm dia
meter vertex chamber. A T i m e 
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BGO manufacture at the Shanghai Institute 
of Ceramics. 

electrons to arrive). However in 
the TEC, the anode signal will be 
serially digitized (100 MHz flash 
analog-digital converters) and 
stored in memory to provide a 
profile of the entire electron signal. 
Many prototype chambers have 
been developed by ETH Zurich and 
III Physical Institute, Aachen. Tests 
on a 40 by 40 cm chamber in an 
electron beam at DESY in Hamburg 
shows that this type of chamber 
will provide single track resolution 
of 25-30 microns and double track 
resolution of 220 microns. 
Construction of the final chamber 
should begin soon. Participating 
in the TEC project are Aachen, 
MIT, Ohio, CERN, Lund, Oklahoma, 
Siegen, Zeuthen and Zurich. 

Close to the beam pipe on either 
side, two forward pairs of BGO 
electromagnetic calorimeters, pre
ceded by proportional chambers, 
will be installed for two-photon 
physics .by Carnegie-Mellon, CERN 
and Hofei. 

The data acquisition system, 
strobed by the beam crossing sig
nal, has to handle high event rates 
and about 100 Kbytes of informa
tion for each collected event. An 
initial selection will be based on a 
fast trigger using look-up tables 
and fast ADCs. The next level of 
triggering will carry on where this 
left off, providing more complete 
information (so that for instance 
a charged particle trigger will have 
access to information from all the 
vertex chamber wires). Subsequent 
software programmable trigger 
processors will correlate informa
tion coming in f rom all over the 
detector. 

Before being passed on to the 

Tests of a prototype of the L3 vertex 
chamber ('Time Expansion Chamber') in 
an electron beam at DESY. Construction 
of the final 100 cm diameter chamber will 
begin soon. 
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First neutrons 
from new machine 

experiment's on-line computer and 
wri t ten to tape, the incoming data 
will be sifted by a final trigger using 
emulators to carry out such jobs 
as track finding and coordinate 
calculations. 

While the L3 design leans heavily 
on past experience, the same 
experience also shows that physics 
isn't always predictable. Thus a 
flexible design, permitting rapid 
modification and evolution, as well 
as precision measurements, could 
pay dividends in this unexplored 
area of physics. 

Goal! Rejoicing in the control room as the 
first protons hit the neutron production 
target of the UK Rutherford Appleton 
Laboratory's new Spallation Neutron Source 
- SNS. 

(Photo Rutherford Appleton) 
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It was the culmination of an intense 
year of construction and commis
sioning when on 16 December the 
first neutron beams were obtained 
f rom the UK Rutherford Appleton 
Laboratory's new Spallation Neu
tron Source (SNS), and for the first 
t ime since 6 June 1978, when the 
Nimrod proton synchrotron was 
closed down, the Laboratory was 
back in the business of providing 
particle beams from an accelerator. 

In 1976, wi th the decision to 
close down all home-based high 
energy physics research in the UK 
in favour of an increased commit
ment to CERN and other large Lab
oratories overseas, an ambitious 
plan was put forward to convert 
the Nimrod complex into a neutron 
source for other kinds of physics. 

Nimrod, the last weak focusing 
proton machine to be built, pro
vided its first 7 GeV proton beam 
in 1963 and provided the research 

fuel for several generations of UK 
particle physicists. Wi th the deci
sion to build the SNS, the task 
was to transform the existing facil
ity into a high repetition rate, high 
intensity machine furnishing the 
protons to bombard a neutron pro
duction target. As well as equip
ment f rom Nimrod, the SNS syn
chrotron also makes use of compo
nents f rom the old NINA electron 
machine at Daresbury, closed 
down in 1977. 

The SNS synchrotron reached 
550 MeV last June using four of 
the eventual six radiofrequency 
cavities which will take the proton 
energy to 800 MeV (see Septem
ber 1984 issue, page 289). During 
commissioning t ime, limited to a 
few days because construction is 
still proceeding, close to ten per 
cent of the final design perfor
mance of 2.5 x 1 0 1 3 protons per 
pulse (ppp) has been accelerated 


