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ABSTRACT: This note describes the design, construction and installation of relatively
large structures for a detector for a particle physic experiment. The precision in the
manufacturing and positioning required for these structures is of the order of few mil-
limeters. This is normally not common for parts of such size and weight. The design
foresees tunable elements in order to reach the necessary precision keeping the costs
affordable. The construction and assembly is made following a rigorous quality control
plan in order to achieve the tight requirements.
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Figure 1. The ALICE experiment and the main structures of the dimuon side.
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1 INTRODUCTION

The LHC (Large Hadron Collider) is a particle accelerator machine under commissioning at CERN
(European Centre for Nuclear Research) located close to Geneva. It will accelerate particles and
collide them in four interaction points each surrounded by an experiment.

An experiment is essentially a set of different detectors designed to study the particles created dur-
ing the collisions. An important element to allow this analysis is the presence of a magnetic field in
the interaction area since the magnetic field bends charged particle trajectories. The curvature radius
of the trajectory is one of the necessary parameters to compute the characteristics of the analyzed
particles.

ALICE is one of the four main experiments of LHC. ALICE is built by a collaboration involving
more than 1000 physicists, engineers and technicians belonging to universities all over the world.
One part of ALICE is assembled inside a large solenoid magnet called L3.

A second part is located outside this solenoid on the so-called dimuon arm. It consists of relatively
large structures called the absorbers, the iron wall and the superstructure. This note describes the
design, construction and commissioning of these structures.

2 DESIGN OF THE DIMUON ARM STRUCTURES

2.1 Dimuon arm layout

Figure 1 shows the ALICE experiment. The dimuon arm is essentially made of two kinds of ele-
ments: the detection chambers and a system of filters.

The detection chambers are the active parts of the experiment, they produce electrical signals when
particles fly through them.

The system of filters makes a selection. It absorbs certain kinds of particles while others can pass
through.

The filters are made of four main elements as shown in figure 1:

the Front Absorber, a four meter long cone weighting about 40 tonnes

the SAA1L, a 8-m long cylinder weighting about 18 tonnes

the SAA2, a 6-m long cylinder weighting about 32 tonnes

the iron wall, a 9-m high, 1.2-m thick structure weighting about 300 tonnes.

The vacuum chamber (the cavity where the particles moves) is embedded inside the absorbers and
fixed to them. This calls for a precise position and alignment of the absorbers in order to keep the
vacuum chamber straight. The axis of the three absorber elements must stay within a theoretical cyl-
inder with axis in the nominal position and a radius equal to two millimeters.

ALICE physicists will use the dimuon arm detectors to investigate an interesting class of particles
called muons. Muons interact weakly with other forms of matter. The Front Absorbers and the iron
wall will absorb all other particles but the muons. In this way, only the muons will arrive to the de-
tection chambers. Particles generated at the collision point and leaving it at low angle can hit the
vacuum chamber and generate secondary showers that are seen as noise by the detectors. To avoid
this, the vacuum chamber of the dimuon arm is surrounded by other filters, the SAA1 and SAA2.
The particle absorption and selection is made by proper choice of the materials used for the filters.
High density materials like tungsten, lead or steel stop high energy particles. Graphite or polyethyl-
ene charged by boron slow down and decrease the energy of the particles which are then stopped by
the other heavy elements.

Table 1 gives the total amount of different materials used in the absorbers and in the other structures
of the dimuon arm.
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Table 1. Amount of different materials in the dimuon arm structures.

FASS Absorbers Muon Filter Superstructure
Austenitic stainless steel 20 tonnes 20.5 tonnes
Lead 41 tonnes
Tungsten 7.2 tonnes
Borated polyethylene 0.7 tonnes
Concrete 4 tonnes
Cast iron 300 tonnes
Graphite 1.7 tonnes
Structural steel 8 tonnes

Lead has poor mechanical properties while tungsten can not be produced in large size bulks. For
this reason, the Absorber elements consist of an austenitic steel case filled by the other materials.
The case keeps the parts together and assures the rigidity of the assembly.

As said in the introduction, a magnetic field is present in the volume of the detectors. The field is
generated by a huge dipole magnet shown in figure 1. The magnet is installed before any other
structure and the field is mapped with high precision when the area is free. The measured field is
the input of the reconstruction programs to analyze the results of the collisions. After the absorber
installation, the field measuring machine does not fit in anymore so no further measurements can be
carried out. For this reason all materials used inside the magnetic region must have a relative mag-
netic permeability as close as possible to 1.0 in order not to impair the magnetic field of the experi-
ment. Austenitic stainless steel (EN 10088-2 - 1.4311") gives the necessary mechanical resistance
and has suitable magnetic properties.

The Front Absorber is fixed as a cantilever on an austenitic stainless steel structure called FASS
(Front Absorber Support Structure). The FASS is a 10-m high structure weighting about 20 tonnes
made of folded and welded plates. To tune the final position of the Front Absorber within the re-
quired tolerance, there is a system of stoppers that can be moved by jacks. The stoppers make the
interface between the FASS and a 40-mm thick plate bolted at the base of the Front Absorber cone.
After having passed through the Front Absorber, the particles should not be disturbed by other ma-
terials. To minimize the amount of disturbances the SAAL is suspended on the iron yoke of the di-
pole while the SAAZ2 is assembled inside the iron wall.

Both SAAL and SAA?2 are attached to their supports via intermediate elements that can be tuned to
position and align the filters during the assembly.

The detector chambers are appended to the so called superstructure. The Superstructure is far
enough from the region where the magnetic field is present. Therefore it is made of standard struc-
tural steel beams (EN 10025 — S235 JRG2). The precision required for the position of the detector
chambers is + 2 mm. At the nodes of the superstructure there are adjustable elements to tune and
correct the position of the beams.

2.2 The loads and the analysis method

All the dimuon arm structures and the temporary supports and rails to install them are computed and
designed considering the following load cases:

e Static load. The structure is in its nominal operational conditions under the nominal weight of
the different detectors and services carried.

e  Stability analysis For compressed elements or parts.

¢ Dynamic operational loads (where applicable). This is used to study the installation of the dif-
ferent structures.

! The 1.4311 grade has the following nominal composition (percentage in mass): C 0.03 max, Si 1.0 max, Mn 2.0 max,
P 0.045 max, S 0.015 max, N from 0.12 to 0.22, Cr from 17 to 19.5, Ni from 8.0 to 11.5.
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e Seismic analysis. CERN area is considered a moderate seismic zone according to the French
and Swiss legislations. The verification has been carried out following the French code PS92.
The seismic analysis has been performed considering the ground acceleration a, = 0.15 g in any
direction for a duration of 30 seconds. The maximum admissible stress considered for the dif-
ferent structural parts is the yield strength. This means that no plastic deformations are allowed
during the earth quake and the structure is still operational immediately after the accident.

The different load cases are defined using the safety factors for loads and material properties ac-
cording to the norm EN 1993 — Part 1.1 (Eurocode 3).
The finite element optimizations are made using the code Ansys™ .

3 CONSTRUCTION

The construction of the austenitic stainless steel, cast iron, lead, tungsten, graphite and polyethylene
elements for the absorbers and the iron wall was subcontracted to several firms in Europe. The final
assembly of the absorbers was made at CERN. The superstructure was entirely manufactured in one
of the CERN workshops.

The quality assurance plan of all these items is essentially based on the 1ISO9001 norm and related
standards. Particular care was taken to the procurement of the raw materials and to the quality of the
welds. The welders were qualified according to the norms foreseen for demanding structures. A
considerable amount of tests was carried out before starting the manufacturing in order to assess the
feasibility of the welds, their quality and the control methods. Table 2 resumes the main norms used
for the production from the raw material fabrication till the final checks of the assembled structures.

Table 2. Norms and standards applied during the manufacturing of the dimuon arm structures.

ASTM E45-97 “Standard test methods for determining the inclusion content of steel”

ASTM E112-83 “Average grain size of metallic materials, method”

EN 10088-3 “Stainless steels-Part 3: Technical delivery conditions for semi-finished
products, bars, rods, and sections for general purposes”

EN 10088-2 “Stainless steels-Part 2: Technical delivery conditions for sheet/plate and
strip for general purposes”

EN 10002-1 “Metalli)c materials - tensile testing —Part 1: method of test (at ambient tem-
perature)”

EN 10204 “Metallic products — Type of inspection documents”

EN 288-3 “Specification and approval of welding procedures for metallic materials —
part 3 : Welding procedure tests for the arc welding of steels”

EN 287-1 “Approval testing of welders — Fusion welding — part 1 : Steels”

EN 1714 “Non-destructive examination of welded joints — ultrasonic examination of
welded joints”

EN 25817 “Arc-welded joints in steel — Guidance on quality levels for imperfections”

ENV 606 “Bar coded transport and handling labels for steel products”

EN 10025 “Hot-rolled products of non alloy structural steels — Technical delivery condi-
tions”

3.1 The Absorbers

The Austenitic stainless steel case of the Front Absorber was manufactured folding and welding a
15-mm-thick plate. The other two elements (the SAA1 and SAA2) were obtained by folding and
welding 40-mm-thick plates. At the raw material reception and before starting any operation the
plates underwent ultrasonic checks. All the welds are full penetration over the 15 mm or 40 mm
thickness. The measured magnetic permeability is less than 1.05 for the plates and 1.5-1.6 for the
thick welds. The acceptable values for the relative magnetic permeability of the absorber cases is
less than 1.1 for the bulk material and welds thinner than 10 mm and less than 1.7 for thick welds.
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Figure 2. On the left welding of the SAA1 austenitic steel case, on the upper right side folding of the front
absorber plates and on the bottom right machining of mechanical details on the front absorber envelope.

Thick welds require a minimum amount of ferrite to avoid cracks during metal solidification. The
higher permeability of these welds is due to this ferrite.

All the main welds were checked using the visual inspection procedures, the dye penetrant tests and
ultrasonic checks.

The tungsten alloy parts were sintered and then machined to shape with a precision of the order of +
0.5 mm. The lead elements were machined as well with the same precision.

Figure 3. Assembly of the SAA2 austenitic steel case around the lead column and turning of the element.
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The final assembly of the three elements of the absorbers was made keeping their axis in vertical
position to avoid the deformations due to the deflection of the cases under the weight of the heavy
filling parts. The most important parameter during assembly was the straightness of the cavity hous-
ing the vacuum chamber. Its value must stay within + 2 mm.

After delivery the Front Absorber cone was installed in vertical position on a support. Then the
lead, tungsten, polyethylene and graphite elements were positioned and aligned inside the steel en-
velope. Once positioned the elements were fixed in place using studs and filling all the clearances
with epoxy resin. The concrete was poured inside the cone and finally the end plate was bolted.
Then the Front Absorber was turned pivoting its support and was ready for the installation.

The SAAL and SAAZ2 elements were assembled using a different procedure. The first stage was the
erection of the column made of lead and tungsten parts. Then the austenitic steel case was lowered
around the column and blocked in place by bolts. Finally the elements were turned in horizontal po-
sition as shown in figure 3.

3.2 The Front Absorber Support Structure (FASS)

The FASS was manufactured starting from the raw material plates. Ultrasonic checks were used to
assess the plate soundness. Then the plates were cut to the right size and some of them folded. The
main welds are full penetration over a thickness of 30 mm. Special attention was paid during the
welding phase in order to limit the deformations. Visual inspection, dye penetrant and ultrasonic
checks were carried out for all the structural welds.

The magnetic permeability of the plates and the welds was measured as well. The measured values
are less than 1.05 for the plates, 1.5-1.6 for the welds.

3.3 The iron wall

All the elements of the iron wall were made of cast iron. The amount of surfaces to be machined af-
ter casting was minimized in order to keep costs as low as possible. Only the horizontal contact sur-
faces between adjacent elements were machined to have a proper contact between the parts. The
elements are nested one into the other to assure the stability of the structure and to have always at
least half of the wall thickness as filtering path for the particles.

3.4 The Superstructure

The superstructure was manufactured using standard structural steel beams. Measurements were
carried out during the welding of the different parts in order to compensate the deformations and to
keep the structure as close as possible to the nominal size. The tolerance reached after the construc-
tion was of the order of + 10 mm for the size, position and straightness of the beams. The adjustable
elements at each structure node, could allow the positioning of the detector chamber supports with
higher precision (+ 2 mm) during the assembly.

4 INSTALLATION AND ALIGNMENT

4.1 Installations

The absorbers, the iron wall and the superstructure were installed following a sequence from the

element closer to the experiment centre to the most external one. Each element was aligned before

installing the following one according to the procedure described in the next paragraph. The FASS

was first fixed to the ground and to the L3 solenoid as shown in figure 4. Then the dipole was as-

sembled. The Front Absorber was moved through the dipole inside the FASS using a set of tempo-

rary rails (see figure 4). Once the Front Absorber was attached to the FASS the same system of tem-
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porary rails allowed the movement and installation of the SAAL. Then the iron wall base blocks
were positioned to support the SAA2. Finally the iron wall could be completed with the top ele-
ments and the superstructure was assembled.

Figure 4. On the left the installation of the FASS. On the right the Front Absorber sliding on temporary rails.

4.2 Alignment

The starting point to align the absorbers is the axis of each element. This is defined as the line pass-
ing through the center of two sections. The sections were chosen close to the bases of the cylinders
or cones. The centre was defined measuring several points along the section circumference and
computing the interpolating circle. During the last phases of the assembly, references were then put
on the cylinder surface in order to localize quickly the axis once the absorbers were moved to the
experimental area. After the installation, the position of each element was measured by traditional
survey methods (giving a precision of the measurements of + 0.5 mm). Then, using the system of
stoppers and tunable supports, the elements were moved to a new position closer to nominal. The
new position was measured again and this was the starting point for a new iteration. At the third or
fourth iteration each element was in position within tolerances. At this point all the supports were
locked.

After about six months a new survey was carried out to check if there was any settling of the sys-
tem. Within the precision of the measurements, the absorbers were in the same position.

5 CONCLUSIONS

The support structures for the detector chambers and the filtering elements of the dimuon arm were
designed and manufactured according to the state of the art norms for what concerns welding and
assembling techniques. Great care was taken in order to settle a pushed quality control system with-
out increasing the production costs in uneconomical manner.

The structures are now integrated in the experiment and aligned with great accuracy.
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Figure 5. Position of the absorbers after the last alignment. In the upper part the top view of the axis of the

elements. In the lower part the projection of the axis on the vertical plane.
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