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7.10 The Magnetic Cavern of L3
Alain Hervé

The L3 detector was designed to measure with unprecedented accuracy and
resolution electrons, photons and muons produced in the particle collisions. These
particles passed through a sequence of detector systems where they were tracked
and identified according to their characteristic signatures: the vertex-chamber, the
electromagnetic calorimeter, the hadronic calorimeter and the muon chambers.
This mission called for a highly specific architecture of the detector, in particular
the experimental hall, the unconventional magnet, the muon system and the
support of the system of inner detectors surrounding the beam pipe at the collision
point [24] (see Fig. 7.21).

The original idea was to integrate the magnet yoke into the rock of the cavern,
whence the name “magnetic cavern” which would stay with L3. Finally, it was
decided for ease of maintenance of the muon chambers and to access equipment
with a travelling crane to increase the size of the cavern. The 21.4 m diameter,
26.5 m long experimental hall is oriented longitudinally along the LEP beam line
that enters the hall with a slope of 1.39%: the complete detector is inclined to
follow this slope. A 23 m diameter and 52 m deep access shaft connects to one end
of the experimental hall, for installing experimental equipment. After the
installation of the major large components the shaft was used for the installation
of experimental services (water, cables, gas, ventilation, etc.), and as technical
space for installing power converters, cryogenics, monitoring equipment and
offices.

Observing muons with state-of-the-art momentum resolution was one of the L3
priorities: an important ingredient was the largest magnet ever built for a particle
physics experiment. The octagonal shaped magnet has a yoke consisting of 6400 t
of low carbon steel and an 1100 t aluminum coil. Given the size of the coil, it was
built from individual octagonal aluminum sections, each one being built at CERN.
These sections were subsequently integrated into the yoke. A current of thirty
thousand amperes in the aluminum coil generated a uniform field of 0.5 T. The
magnetic circuit of the octagonal yoke had to be closed with massive iron
endplates. These endplates, each weighing 700 t, were split in the middle and could
be opened like doors to give access to the muon detectors for maintenance. The
magnet is lined with an active thermal screen providing a thermally controlled
environment to the particle detectors. The yoke rests on a concrete cradle
integrated in the floor of the detector hall.
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Fig. 7.21. Overview of the L3 detector [24].

Inside the magnet precision Muon Chambers were arranged in three concentric
layers, to measure the trajectories of muons in the magnetic field over a volume of
1000 m®. To achieve the design momentum resolution these chambers were built
with mechanical tolerances of 30 um over an area of 3 m x 6 m. Sixteen octants
of muon chambers were supported on two support tubes. Several precision
straightness monitors, using LEDs and quadrant photodiodes were specially
developed to ensure accurate mutual alignment of the chambers within an octant.
At the time this muon system was the most advanced of its kind: its success
encouraged the LHC collaboration ATLAS to adopt the concept and take it to the
next level of dimension and performance [Highlight 8.12].

The 300 t support tube, 30 m long and 4.45 m in diameter was another rather
daring innovation that contributed to the performance of the muon spectrometer.
It passed through the magnet coaxial with the beam line. It rested on continuously
adjustable servo-controlled jacks placed on concrete pillars. The part of the support
tube inside the magnet was of non-magnetic stainless steel, the remaining portion
in carbon steel. In this way the support tube rendered all detector systems (600 t in
total) mechanically independent of the magnet.



Technology Meets Research Downloaded from www.worldscientific.com
by GERMAN ELECTRON SYNCHROTRON @ HAMBURG on 05/10/17. For personal use only.

258 T. Taylor & D. Treille

The hadron calorimeter measured the energy of elementary particles, jets of
particles, and contributed to muon identification [Box 3.2]. It consisted of 300 t of
depleted uranium plates sandwiched between some 8000 proportional chambers.

The electromagnetic calorimeter was another “world premicre”, designed to
measure the energies and positions of electrons and photons from 100 MeV to
100 GeV with high resolution [Highlight 7.9].

Charged particles were tracked in the time expansion chamber which had to be
of limited radius to fit inside the BGO calorimeter. It featured an interesting variant
of the MWPC [Highlight 4.8] measuring tracks with 40 um accuracy in a volume
of one cubic metre. At the beginning of 1991, the radius of the LEP beam pipe was
reduced from 8.0 cm to 5.5 cm. L3 took advantage of this extra space by installing
a Silicon Microstrip Detector (SMD) to upgrade its central tracking capability.

The L3 experiment was an important precursor to the LHC experiments. The
precision crystal electromagnetic calorimeter was a precursor of the CMS
electromagnetic calorimeter [Highlight 8.8]. The alignment of muon chambers
using optical systems was further developed for the ATLAS muon spectrometer.

L3 was the only LEP experiment installed stationary at the interaction point (as
is the now case for the LHC experiments). The other LEP experiments were
assembled adjacent to the accelerator, to be pulled in and out on rails so that LEP
could continue to be operated if an experiment required extensive maintenance.
New procedures for installation and maintenance had to be developed to take into
account the interaction with the machine. To gain time in the installation sequence,
heavy parts of the detector, such as the support tube and the hadron calorimeter
barrel (weighing each around 300 t) were completed in the surface hall prior to
installation in the cavern using rented heavy lifting equipment. Following this
experience, the same technique was used extensively for the CMS experiment.

The L3 experimental area and large magnet has been reused to house the ALICE
LHC experiment. This was a magnificent legacy, allowing L3 infrastructure to be
re-used, in true CERN fashion, for ALICE, a state-of-the-art experiment dedicated
to the study of heavy ion collisions at the highest possible energy.
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