


6.10 Cable and fiber layout


6.10.1 HB layout


The light from the scintillator pans are brought to the HPD box with optical cables. These optical cables consist of 18 clear  0.94 mm, stype Kuraray fibers with optical  connectors at both ends. The optical fibers are covered with Tedlar to make the optical cables light tight. Nissei Opto Co takes the clear fiber and makes the 18 fiber cables covered by Tedlar. Nissei made a 10 fiber cable consisting of .9 mm clear fiber for CDF. 


� REF _Ref387559285 \* MERGEFORMAT �Fig. 6. 3� is a view of the CMS hadron barrel at the large h boundary looking in the direction of  the beam. It shows the routing of the optical cables from the  scintillator pans to the HPD box. The optical cables and source tube are enclosed in a hadron cable channel consisting of 1 mm aluminum. The hadron cable channel surrounds the cables from layer 0 to the photodetector box. The channel protects the cables and forms a light tight seal for the cables and optical  connectors.


The optical connectors and source tubes connectors protrude into the 53 degree crack. This is done for 2 reasons. If the optical connector were inside the copper, then the top of the optical connector must lie below the top of the scintillator pan. Since the optical connector is 4 mm high and the top plastic is 2 mm high, we would have to route out the scintillator where the connector is. The fiber for this tile would have to move in 4 cm way from the edge of the tile. The best location of the source tube connector is outside the copper. The source tube connector connects the source tube in the pan for the tube for the driver. Since the tube in the pan is on top of the plastic, the source tube connector must stick above the scintillator pan. Hence, if the connector is inside the copper the copper must be milled out where the connector is. The source tube connector must be 8 mm in depth. Hence, the scintillator must be removed where the source tube connector is if it is inside the copper. This degrades the uniformity of the edge tiles.


� REF _Ref387562811 \* MERGEFORMAT �Fig. 6. 16� shows a top view of the scintillator tray at the end of the megatile. The figure gives a detailed view of the routing of the cables and source tubes  at the pan.  � REF _Ref387719442 \* MERGEFORMAT �Fig. 6. 37� is a closeup of this region looking in the direction of the beam.  The clear fibers for the pigtail for the middle tray are straight to the connector. while the clear fibers for the pigtail for the side tray are curved. The curve enables the optical connectors for the middle trays and side trays to overlap in phi. This reduces the amount of space need to route the cables in the 53 degree gap .The source tubes cannot cross the optical fibers on the pan. Hence, at the edge of the pan source tubes route out on both sides of the cables. As shown in the figure, the width across the optical connector and source tube connector is 6.05 cm. To further reduce the space needed to route the cables and source tubes in the 53 degree crack, the optical cables are offset with respect to each other, see � REF _Ref387719442 \* MERGEFORMAT �Fig. 6. 37�. Therefore, the optical and source tube connectors take up 6.05 cm in the phi dimension for routing. The thickness of the hadron cable channel is 1.1mm and 3 mm of tolerance separate the edge of the connectors from the inner edge of the hadron cables channel aluminum. The hadron cable channel is 7 cm wide at the lowest radial point. At the photodetector, the cables for the side and middle layers plug into  different columns.   The total j width needed for 10 degrees is 11 cm at the photodetector box. Hence, the hadron cable channel will start out with a j width of 6.85 cm and grows to a width of 11 cm at the photodetector box.





�


Fig. 6. � SEQ Fig._6. \* ARABIC �38�:  Front view of the optical connectors and wire source connectors.


� REF _Ref387720334 \* MERGEFORMAT �Fig. 6. 38� shows a r-z view of the routing of the cables along the 53 degree crack.  The optical connector on the pan and connector for the source tube protrude into the 53 degree crack by 1.9 cm. A 0.7 cm cable connector connects to the pan connector. The total protrusion of the optical  connectors is 1.9 cm. The 1.9cm protrusion of the optical connectors is 1.5cm normal to the 53 degree line. The optical cables bend to follow the 53 degree line. We have verified that the optical fibers are not damaged if their bend diameter is greater than 3.8 cm Taking the minimum bend radius for the optical cables as 3.8 cm, the optical cables bend to be a minimum of 2.9 cm normal to the 53 degree line. The cables  are .11 cm thick. Near the photodetector box, the cable bundle will be about 28 cables high, and so the cable bundle is be 3.1 cm thick. 7.0 cm of space perpendicular to the 53 degree line will be needed to route the cables  at the photodetector box.
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Fig. 6. � SEQ Fig._6. \* ARABIC �39�:  r-z view of the routing of the cables along the 53o crack.


The permanent source tubes start bending approximately  1.5 cm (in Z) from the pan and 1.2 cm  (in the direction perpendicularly across the HB-HE gap) from the copper.  With a minimum bend radius of 10cm, these source tubes will rise to be  5 cm away from the HB copper perpendicular to the 53 degree line. Hence, the cover for the hadron cable channel will be 5 cm perpendicular away from the HB 53 degree line At layer 0 the channel contains both the optical cables and the source tubes, with the height of the channel determined by  the source tubes. At layer 15 the channel will be 7 cm away from the 53 degree line, with the height determined by the optical cables.


6.10.2 HE layout


Each tray (covering 100 in () has two optical connectors (10 fibers in each), two connectors-mixers for laser calibration and two connectors for radioactive source   tubes. Optical cables from the trays go to decoding boxes. In each tray the optical connectors  are shifted in such a way that all optical cables can be laid in four layers only not to exceed the space allocated for HE cables, as shown of Fig. xx a) and xx b).  The quartz fibers in protective skin go from connectors-mixers on the trays to connectors-mixers where the laser light is fanned  into 36 fibers corresponding to 36 trays in each layer. The plastic tubes from radioactive source tubes go around the HE in each layer and end up at the same ( protruding from the HE cover plate. The basic idea is shown in Fig yy a) and yy b).  In this way it will be easy to connect them to control system to check the performance of active elements without interfering with other cables when the calorimeter is moved outside of the magnet coil during a shut down period of collider run.








Fig xx .Layout of the scintillator tray cables.


Fig. yy .Layout of the radioactive source tubes.
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above is yy a)
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above is yy b)


6.10.3  HO-B Cable Layout





Light from individual tiles in a tray is brought through optical fiber cables to the decoder box, located above the outer most layer of muon station. In each tray there are 4, 5 or 6 tiles depending upon its location.  Generally there are 4 fibers per tile ( some smaller tiles will have 2 fibers), making a maximum of 25 fibers per tray ( 24 fibers from the 6 tiles and an additional fiber for transporting laser light to the scintillator tiles). The standard HCAL optical connectors could accomodate 18 fibers. Thus two such connectors per tray will be used. These two fiber connectors will be fixed at one side. Since there are 6 trays in each 30o  j sector, 12 pairs of optical cables ( 6 pair from six trays of Layer 1 and remaining 6 pairs from layer 2 ) runs vertically upwards and transport the light to a decoder box located at the outer edge of the muon rings. A 30 mm wide and 5 mm thick corridor in the middle of every 5o j sector on one side of each muon ring is required to route these cables from the tray edge to the decoder box. The total number of calorimeter towers in a 30o j sector for ring 0, 1 and -1 is 36. For ring 2 and -2 the corresponding number is 30. There will be a maximum of 8 fibers for each tower ( combining layer 1 and 2).


6.10.4 HF Cable Layout


The umbilical cord of cables and cooling hoses is laid in the 50 cm by 50 cm trench between the transporter tracks. The cables are looped and bound into a bicycle-chain type cable tray. This avoids the triple depth trench which would be required if the bundle were folded back on itself beneath the detector in the running position.


In the garage position the cable bundles arefully extended, while in the operational position approximately 2 meters of slack must be accommodated.  This extra 2 meters remains in the trench during beam operation.  In intermediate positions 2-7 meters of slack must be accommodated. Since this amount of bundled cable cannot be accommodated in the trench, the trench will be uncovered and the cable bundle looped above it during horizontal moves of the detector.  The flexible cable tray is attached to the support structure and will move with it during vertical moves.  


6.11 SHIPPING/INSTALLATION


6.11.1 HB Shipping/Installation


     The scintillator pans will be assembled and tested at Fermilab. They will be boxed in wooden boxes at Fermilab and shipped to CERN. The scintillator pan is fairly robust. We have shipped 2 testbeam modules to CERN with no damage to the  pans or optical cables. The pans will be shipped to Building 168 where the pans will be installed in the wedges.


At CERN a small sample of pans will be tested with a megatile scanner. This will verify that no damage has taken place. If a small sample of pans are fine, then all the pans will not be scanned. 


The pans will be removed from the box and the 'venetian blind', which pushes the pan up against the top of the slot  in the copper absorbers will be taped  on. The copper wedges will be in Building 168 with the slots for the pans parallel to the floor. The pans will be put on a stretcher and the stretcher will be put up to the slot of the wedge. The pan will be slid into the slot. 


6.11.2 HE Shipping/Installation


HE modules will be manufactured in Russia and shipped by rail to CERN for installation.


6.11.3 HO-B Shipping/Installation


HO-B modules will be manufactured in India and transported by ship/rail to CERN for installation.


6.11.4 HO-E Shipping/Installation


HO-E modules will be shipped to CERN along HB modules.


6.11.5 HF Shipping/Installation


We anticipate that HF modules will be produced in Hungary and shipped by rail to CERN.





6.12 Access, maintenance  and operations


6.12.1 HB/HE Access, maintenance and operations


The optical system is sealed. Other services will be covering  the optical system. Hence, we will have no access to the optical system. We anticipate that no access is needed. If we need to access optical system, other services can be removed and we can get at the optical cables and scintillator pans.  


  During the access period we will do a full source scan of all the tiles. This will determine whether any part of the optical system has deteriorated from radiation or other sources. The expected radiation levels are small enough that we expect the light output from the system to decrease no more than 7% over 10 year lifetime of the detector.


6.12.2 HO-B Access, maintenance and operations


One end of HO-B modules will be untrapped, so trays could be removed, if needed.


6.12.3 HO-E Access, maintenance and operations


HO-E will ba attached to the Endcap muon chambers and could be only repaired when muon chambers are removed.


6.12.4 HF Access, maintenance and operations


Alignment of the detector and maintenance of the optical systems will be carried out from the platform support of the detector or in the garage position.  At beam height, access is provided by a portable scissors.  This device is stored in the garage during beam operation to protect the hydraulics from radiation.  The electronic modules in the racks are accessed and maintained easily in the garage position.  In the case of a need to access the electronics racks when the detector is in the elevated beam position, the portable scissors will be used.  The PMT boxes are protected by endplug shielding in operational position.  Access to the PMT boxes requires no removal of heavy shielding elements.








