Module construction phase
Assembly area
The assembly area (see Fig. xx and yy) is located in a newly constructed building, with the following characteristics: the floor is capable of supporting the weight of the apparatus; an area to the right of the hangar doors has been fenced off for use as the NA62 experimental area; a 20-ton overhead crane (Samo S.r.l) has been modified, together with the control unit, to ensure that operations can be carried out safely and at low speed. 
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Assembly operations

The assembly operations can be grouped into three phases:
1) Preparation and installation of detectors into the cylinder

2) Rotation and electrical and vacuum testing

3) Packing for shipping

1) Preparation and installation of the detectors into the cylinder

Preparation of the blocks
The detectors are first removed from the shipping crates, by using a specially designed tool (Fig. 8). A single detector weighs about 25 kg. 
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Reinforcement plates are glued to the four crystal sides, to guarantee better mechanical resistance. The glue used is DB490 by 3M, a two-component epoxy resin. The following gluing procedure have been proved to sustain stresses as high as 40 times the crystal weight in the vertical direction. The detectors are positioned inside the holes of a 4.0-m long gluing workbench. The detectors are oriented vertically and a specially designed gluing rig is placed on the top and left in position for 
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five hours for glue curing.
After reinforcement, the detectors are wrapped to increase light collection. Wrapping is not required to be light-tight, since detectors will work in complete darkness. The wrapping material consist of laser-precut sheets of DuPont 4173D-Tyvek, chosen because of its high load resistance: with a weight of 75g/cm2 and a thickness of 205 m, it can sustain up to 60 N/m2. The Tyvek is folded over the long surfaces of the crystal, and the tabs are anchored by screws to the holes on the flange at the top (Fig. 9). 
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The detectors are gripped by attaching the lifting the tools to the aluminum mounting hardware and are then taken to the test area. Here tests of electronics, continuity, etc. are performed continually during the installation period (see Section rrr for details). 
In groups of four, the detectors are then mounted in the support brackets (the so-called “bananas”), mainly made by two aluminum plates connected each other by cylindrical and square spacers (see Fig. zzz). The plates have two circular and one squared holes per side, guaranteeing access for tightening the support screws to the vessel and for mounting a suited lifting tool, respectively. Crystals are connected to a banana by stainless steel screws. For each lead glass block the high voltage, the signal cable and optical fiber are routed and fixed into the mechanical structure, at the end of the operation the fiber are checked for light transition using a LED . The crystals are moved using a cart and the cited lifting tool. A completed banana is shown in Fig. 10. 
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Since the entire detector structure must operate in vacuum, all the screws used in the mounting and installation are drilled along the axis to avoid virtual leaks during pumping moreover all the screws and the banana components are cleaned by YY in ultrasound bath.
Installation of the blocks into the cylinder
During the installation the cylinder is placed, with its axis in the vertical direction, on three cement blocks with reinforcement frame, the cable mounting grille is installed (attachment 12) and the first ring, intended to guarantee the safety of the personnel working inside the cylinder in the event of a mechanical failure, is lowered into the cylinder (attachment 13)
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The banana, with the lifting bar and safety plate attached, is lowered into the cylinder. The crane movements are performer by an operator on an elevated stand with an unobstructed view of the operation. The operator lowers the banana into the cylinder from above, while the operator inside the cylinder anchors the piece to the cylinder wall and removes the lifting bar (attachment 14). Immediately afterwards, the cables are fixed to the grill and routed towards the portholes for cable exit. This operation is carried out repeatedly during the assembly phase. 
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One day is needed to mount and cable one layer. Before mounting the subsequent  layer the signal of each lead glass  at a voltage of  1.2 KVolt is cheeked using the scope.
The previous operation are repeated for each layer,  once the mounting and cabling is completed additional  check of the signal and of the optical fiber is performed using the final HV, signal and optical fiber feed troughs.
2) Rotation; Electronics and vacuum testing
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In preparation of vacuum tests, the cylinder is rotated by means of an appropriate tool (fig. 18 ) and it is placed on its feet in the horizontal position and leveled by adjusting the leveling screws. The O-rings are lubricated with vacuum grease and seated in the flanges at either end of the cylinder. The two yellow flanges are lifted and mounted on the flanges of the cylinder. The 24+24  class 8.8 M20 bolts on the two flanges are then tightened to a torque of 250 N m. A 100-mm port on the manholes allows installation of a vacuum valve and turbomolecular pump. A disk with reduced aperture of known conductance is installed inside for measurements of the outgassing rate. [image: image13.jpg]) [
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 The pumping system consists of a scroll pump for the roughing stage and a turbomolecular pump installed on one of the endcap flanges, and another turbomolecular pump installed on the manhole flange for outgassing measurements (fig 20 and 21). 
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After the vacuum test is complete, one of the turbomolecular pumps is left on for several days to allow measurement of the specific outgassing rate (see section xxx). 

 At a pressure 10-5 mbar 1200 Volt has been applied to all photomultipliers and an additional  check of the signals was performed.
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