6.5.3. HO Scintillator Tray Design


The inner barrel calorimeter (HB) is only 6.5 interaction length (l) deep and hence will be unable to contain the higher energy showers completely. The outer calorimeter is designed specifically to sample the tails of hadronic showers, in particular for those showers which developed deep inside the calorimeter. This is necessary to improve upon the missing ET resolution and also to achieve  the design resolution of  80-90%/(E +-5%. Outer calorimeter  can also be used  in identifying and triggering on muons. In order to achieve these twin objectives, HO should  have the capability to identify single muons. A light level of about 7 photo electrons (pe) due to ‘single’ muon may be necessary to identify muons at 3 s level. Taking into account the long term degradation of the scintillator light yield due to the hostile radiation environment in which the detector will be located, it may be necessary to start with about 15 pe due to ‘single’ muon from the two HO layers combined. Due to the large size of the scintillator tiles for the same h-f segmentation as in the inner calorimeter and the limitation in  the number of fibers that can be embedded in the tiles , we opted to use 1 cm thick BC408 scintillators for the two layers of outer calorimeters as a base line design.  An additional 5 mm of space is needed for two plastic sheets on either side of the scintillators to anchor the individual tiles as well as to route the fibers and also to accommodate the stainless steel covers for the scintillators. Thus including the plastic and stainless steel covers, the thickness of the individual layers will be 15 mm.





Geometrical specifications:


Constraints along  f  


   Each of the five muon rings have 12-fold symmetry along f with each f sector covering 300  in f and 2.53 meters along Z. One such 300 f sector of the muon ring maps onto 6 calorimeter towers along f. The ideal size of the tiles for the two outer calorimeter layers  in the f direction can vary between 0.40 m to 0.448 m depending on the location of the tower within the sector. These sizes are listed in the first row of table 1. However for a more realistic estimate of the tile sizes, we need to take into account the dead zones occupied by the stainless steel support beams. The two end tiles of the front layer are shortened and one end tile of the back layer has to be split into two trays due to the location of a support beam. The resultant sizes of the tiles along f are given in row 2 of table 1.


  There are additional constraints on the tile sizes along  f due to the frame structure needed to hold the scintillators in place. As will be described  later, several scintillator tiles will be packed together into a single mechanical unit called a scintillator tray.  A single tray will be one  f slice wide (50 in f) and will cover the entire span of a muon ring along Z i.e. 2.53 m. These  trays will be resting on sheet metal C-channels welded to the inner and outer faces of the return yoke RB1. These C-channels will be of .5 mm wall thickness. An additional space of about 4 mm on either sides of the C-channels may be required for smooth insertion of the trays. To make these additional space for support structure, the tile sizes along f direction will be constrained further. The final sizes of the tiles along f is given in row 3 of table~1.





 


                                                      Table 1: Tile lengths along  f





�
Layer 1�
Layer 2�
�
Tile length (m)


(ideal case)�
0.419       0.406     0.400


0.400       0.406      0.419�
0.448     0.434      0.428


0.428      0.434     0.448�
�
Tile length (m)


(constrained by the return yoke support structure)�
0.367       0.419      0.406


0.400       0.400       0.377�
0.267      0.434     0.428


0.428      0.434     0.448


0.123 �
�
Tile length (m)


(constrained by the return yoke  and tray support structure )�
     0.408    0.396


0.391      0.391    0.367�
   0.426      0.419


0.419    0.426      0.444


0.115�
�
Dead space along  f (%)


# of tiles along  f�
                  5.8        


                    6�
                    4.4


                       7�
�






Constraints along Z(h)


   In the Z direction we are constrained by the ring boundaries. The HO scintillators have to be terminated at these boundaries as the space between successive rings will be used as service path and will not be available for sampling. This will have the following  constraints  on the tile sizes along Z.


The tile size along Z can vary from 34 mm to 661 mm.


In layer 1, h tower # 4 will split between rings 0 & 1 ( also 0 & -1) and h tower # 10 will split between rings 1 & 2  (also -1 & -2).


In layer 2, h tower # 9 will split between rings 1 & 2 ( also -1 & -2).


h tower number 14 in layer 1 will be truncated at the outer edge of Ring 2 ( and -2).


h tower numbers 3, 4 and 13  in layer 2 will also  be truncated at the edge of rings 0, 1 (-1) and 2 (-2) respectively. So these tiles will also be shorter along h. 


 Table 2 summarizes various tile sizes along  Z.





                                                 Table 2:  Tile sizes along  Z








Ring�
Layer 1�
layer 2�
�
�
Tower�
hmax�
Size(m)�
Tower�
hmax�
Size(m)�
�
0�
1


2


3


4�
0.087


0.175


0.262


0.274�
0.400


0.402


0.408


0.058�
1


2


3


�
0.087


0.175


0.262�
0.427


0.431


0.410�
�
1 & -1�
4


5


6


7


8


9


10�
0.349


0.436


0.524


0.611


0.698


0.785


0.791�
0.160


0.430


0.446


0.465


0.487


0.514


0.034�
4


5


6


7


8


9�
0.349


0.436


0.524


0.611


0.698


0.747�
0.274


0.460


0.477


0.497


0.522


0.306�
�
2 & -2�



10


11


12


13


14�



0.873


0.960


1.047


1.134


1.171�



0.390


0.578


0.617


0.661


0.290�
9


10


11


12


13�
0.785


0.873


0.960


1.047


1.116�
0.124


0.582


0.619


0.660


0.551�
�



Constraints along R


The radial position of the front faces of the two HO layers are 4.57 m and 4.89m respectively. They are located on either side of  the return Yoke RB1. The radial thickness of each layer of outer calorimeter is only 15 mm. A “no go Zone” of 5 mm separates the two HO layers from the


either surface of the RY1. Similarly there is a 10 mm “no go zone” between  inner face of  layer 1 and outer face of MB1. A  “no go zone” of 10 mm  is also kept between the outer face of layer 2 and  the inner face of MB2.  The radial thickness of the HO layers should not exceed  15 mm allocated for them. It is however allowed to utilize the “no go” zone between the HO layers and the RB1  in order to  fix the mechanical holding structure for the  two HO layers.





 


 Merging of Tiles:





Figures 1-6 shows one 300 f sector for each of the two layers for the three rings with individual scintillator tile boundaries mapped onto it.  It is clear that some of the tiles are very narrow as they were truncated due to location of supporting beams or due to inter-ring gaps. We have decided to combine these narrow tiles with their nearest neighbor as single tiles as follows:  


All the 12 tiles of 5.8 cm width on either side of ring-0 for layer 1 will be combined with their neighbors in the Z direction.


6 tiles of 3.4 cm width on the outer edge of ring 1 and -1 will similarly be combined with their neighbors in the Z -direction.


All the 6 tiles of 12.4 cm width on the inner edge of ring 2  and -2 will be combined with their neighbors in the  Z-direction.


All the 12.3 cm wide tiles along the f edge of each 300 f sectors in layer 2 will be combined with their nearest neighbor along f in all five rings.


  


With these minor modifications and adjustments one  requires 14 (X 2) different sizes of tiles for  layer 1 and 13(X 2) for layer 2 for each f slice. The total number of tiles required for the two layers is 3888. Table 3 summarises the number of different tiles required. 





                                                   Table 3





�
Layer 1�
layer 2�
�
# of tiles per sector


Total # of tiles


Maximum tile size ( mm�mm)


Minimum tile size  ( mm�mm)�
168


2016


408 �661


367 �160


�
156


1872


559 �706


257 �274


�
�
�
�
�
�



Based upon these estimates the total requirements of scintillators for the outer calorimeter are summarised in table 4. 




















Table 4: Total requirement of scintillators for the outer calorimeter (HO)








�
Layer 1�
Layer 2�
�
Position along R (m)


Width of a 300 f sector (m)


Length of a f sector along Z (m)


Area of a f sector ( sq m)


Total area of 5�12 sectors ( sq m)�
4.570


2.449


2.536


6.211


372.65�
4.890


2.621


2.536


6.646


398.74�
�



Scintillator tray  specifications :





In order to simplify the installation of the two HO layers,  several scintillator tiles will be packaged into a single mechanical unit called the scintillator tray.  A scintillator tray will cover the entire length of a muon ring  along Z . In the f direction, it will only be one tile wide. Each tray will contain  4,5 or 6 tiles depending upon its locations.  These tiles will be wrapped  completely first with tyvek paper ( for light reflection) and then with tedlar sheets ( to stop light leakage) . This whole package will be sandwitched between a 1 mm  thick plastic sheet  on one side and a 2 mm plastic sheet  on the other side. The 1 mm plastic is used to anchor the tiles in their respective positions using 6 BA countersunk screws passing through the tiles and bolts embedded inside the plastic. The 2 mm plastic on the other side will have channels grooved into it to route the fibers from individual tiles to an optical connector located at the edge of the tray  to access the scintillator light. Finally, this whole assembly of scintillators, plastics and fibers will be placed in an tray of length 2.536 m and height 13.8 mm made of stainless steel plates of 0.3 mm thickness. This tray will be covered with a stainless steel plate of 0.3 mm thickness along the whole length of 2.536m. The bottom stainless steel tray and the top stainless steel plate of this assembly will be anchored to the plastic-sheet-covered scintillator detector by countersunk 6 BA brass screws and special form of nuts. These nuts will have a cylindrical shaft with 6 BA threads which ends in a thin circular plate. This thin circular portion will be projecting outside the stainless steel plate facing the muon chamber and the corresponding head of the holding screw will be outside the steel plate facing the magnet return yoke. we will need 360 scintillator trays for each of the two layers.








6.5.3.1. Tray layout


Scintillator trays for the outer barrel calorimeter ( HO-B) will be one f slice wide ( 50 in f). However along  Z (h) direction , they will cover the entire span of a muon ring i.e. 2.53 m. Mechanical design for these trays and their support structure has already been discussed in detail in chapter 4. In brief, the trays would be resting on sheet metal C-channels  of .5 mm wall thickness . An additional space of 4mm on either side of the C-channels is required to ensure smooth insertion of the trays  and also to account for the skin thickness of the trays. The actual separation between two successive scintillator tiles in the f direction will therefore be about 8 mm. There will be six trays for a 300 f sector , each ideally covering  50 in f . Although all the trays will be of length 2.53 m along Z, their width along  f will vary from one to other. There will be 9 different sizes  of trays each containing either 4, 5 or 6 tiles along Z. The actual inner dimensions and the number of trays required for each size are given in table 5.  In total, there will be 720 trays corresponding to a total active area of  733 m2  containing 3888 scintillator tiles of different sizes.


          


                                                      Table 5





Tray width  


   (m)�
Area  of each tray


in (m2)     �
# of trays  


    �
Total area 


         (m2)�
�
Layer-1


0.354


0.408 


0.396


0.391


0.367





Layer-2


0.257


0.426


0.419


0.559�



0.90


1.03


1.00


0.99


0.93








0.65


1.08


1.06


1.41�



 60


 60


 60


120


  60








 60


120


120


  60�



 54


 62


 60


119


  56








  39


130


128


  85





�
�
Total�
�
720�
733�
�



    A top view of a typical scintillator tray is shown in Figure 7 and its cross sectional view is shown in Figure 8. The trays are similar in design  to those used for the inner barrel calorimeter and will be packed and assembled using similar techniques. However, unlike the inner barrel, the HO-B scintillators are  10 mm thick, thereby increasing the overall thickness of the tray. Table 6 shows the thickness of various materials  in the order in which they appear in the tray.





                                                                  Table 6





Material�
Thickness in mm�
tolerance in mm�
�
Polyester tape�
  0.15�
 .03�
�
Top plastic�
  1.90�
 .10�
�
Tedlar�
   .10�
 .00�
�
Tyvek�
   .15�
 .05�
�
Scintillator�
10.00�
1.00�
�
Tyvek�
   .15�
 .05�
�
Tedlar�
   .05�
 .00�
�
Bottom plastic�
   .95�
 .05�
�
polyester tape�
   .15�
 .03�
�
Total�
13.6�
1.31�
�
 


All the scintillator tiles in a tray will be made out of a single piece of scintillator by cutting a straight groove of 0.9 mm  thickness and 9.5 mm depth between successive tiles. These grooves will be filled with  an opaque, white epoxy  to provide rigidity and optical isolation. At the bottom of these straight grooves is a  bridge of 0.5 mm thick scintillator, which forms an enclosed area into which the epoxy will flow. In order to reduce the  cross talk of light between the tiles , these bridges will be marked with a black marker on the outside. This technique is similar to that used for the inner barrel trays.








Groove design on a tile:





Fig. 9 shows the top view of a typical HO-B scintillator tile. The light from the tile  is read out  using  WLS optical fibers which are held inside the tile using circular grooves. The grooves are similar in design to that in an HB tile i.e. each with a circular part inside the scintillator of diameter of  1.35 mm and a neck of .86 mm  width. The base line design is to use .94 mm double clad, non-S type, Y11 fiber of Kuraray make. The HO-B tiles are larger in size than the tiles in the inner barrel part of the calorimeter. As a result, they will give much less light if we use a single sigma groove  running around the perimeter of the tile. The large length of the WLS fiber required for such  a readout scheme will further reduce the light output as the attenuation length in WLS fiber is around 2 m.   In order to collect sufficient light from these large sized tiles, we plan to put 4 separate WLS fibers in a single tile in separate grooves. Each tile will be divided into 4 quarters. Each quarter will have a sigma groove as shown in Figure 9(a). Figure 9(b) shows a closeup of the sigma groove at the fibre insertion point. In a tile, the straight sides of the rectangular grooves are located at a distance of 2.5 mm from the edge as well as from the center of the tile. The corners  of the grooves are rounded and have 1.5 inches bend radius. This  will prevent any damage to the fiber at the bend and also ease  the process of fiber insertion in the narrow grooves. For smaller truncated tiles, instead of 4 fibers,  we need only 2 fibers for equivalent light yield. Figure 10 shows the cross sectional view of an HO-B tile for a better perspective of the groove design. It looks like a circular hole attached to a narrow neck. With such a design it will be possible to keep the fiber inside the groove provided the neck of the groove is narrower than the fiber diameter. Since the fiber diameter is 0.94 mm, the neck diameter is kept at 0.86 mm. In order to insert the fiber in the groove , one end  will have a rounded shape of size 1.8 mm which will  narrow down to 0.86 mm ( neck size) within a distance of 9 mm.





Light transportation:





The light collected by the WLS fibers inserted in the tiles will be transported to photo detectors located  outside the muon rings using clear fibers. The captive end of the WLS fibers located inside the grooves will be polished, aluminised and will be protected with a thin polymer coating. The other end of the WLS fiber will come out of the tile through a slot ( 3 mm X 25 mm) made on the 2 mm thick black plastic cover sheet. This end of the WLS fiber will be spliced to a clear non-S type multiclad  Kuraray fiber. The clear fiber will then be routed along the Z direction  through 1.6 mm deep guiding grooves made on the outer side of the 2 mm plastic sheet to an optical connector located at the edge of the tray. Each tray will have two optical connectors mounted on one side of the tray. All the fibers from a tile will terminate on one of these two connectors. Since a tray will have a maximum of 6 tiles, there will be at the most 24 fibers per tray, 12 fibers per connector.








6.5.3.1 Meeting    design   requirement:  





    The HO-B  calorimeter is  designed  specifically  to sample  the tails of hadronic showers,  specially for those which  develop deep inside the  detector. This  will  enhance the  energy  resolution  of HCAL. In addition to this, it is expected to have the capability to identify and trigger on  muons. A yield of 4 photo electron/layer may be necessary to identify muons at 3 sigma level if HPD is used as the light readout element. Another consideration is to have uniform response within the tile. Both the requirements are fulfilled by 


choosing higher scintillator thickness (10 mm) so as to have higher light output (higher photo electron yield)


4 groove pattern for large tiles as shown in Figure 9(a) and 2 groove pattern for small tiles so as to have uniform response within the tile .





 Light output from two layers of the same tower is pooled together at the decoder box and recorded by one readout element. Different response in the light output of these layers would affect energy resolution of the system. Responses of these layers are kept same within 7 % approximately, using the techniques described in 6.5.1.2.





  6.5.3.3 Magnetic Field Effects:





Since HO-B will be placed in a region where the magnetic field will be negligible, there will be no need to compensate for any field effects.


  


HB quartz-fiber laser (or LED) calibartion layout: 


Though further R & D is required for this system, a spare hole would be provided on the optical connector to accomodate a quartz-fiber. Also, an additional groove would be made on the 2 mm black plastic as described in 6.5.1.4.





Source tube layout:


A radioactive source will move along the z-direction and scan the central portion of every tile on the tray. Data collected during this  scan will be used for calibrating the tiles. A tube for the passage of the  source will be laid on a groove on the 2 mm plastic sheet by the side of  the fiber routing groove. There will be one source tube per tray. 





6.7.3  HO-B manufacturing





6.7.3.1 Machining of scintillator and plastic covers


For HO-B, as described earlier, there will be one tile per tray in the phi direction. But in the Z direction, a tray will cover an entire muon ring. This means that one tray will contain 4-6 tiles. The individual tiles will be part of a big piece (similar to a megatile for HB). Deep grooves will mark the Z boundaries of these tiles. Due to physical constraints there will be several different sizes of the tiles (see section 4.5.1 for the table of sizes). All these sizes will be kept in a data base, which will be referred to while machining the scintillator plates. The procedure of making the scintillator plates will be similar to that for HB, as described in section 6.7.1.1. However, since the thickness of the scintillator for HO is 10 mm, the grooves that separate the tiles optically will be 9.5 mm deep, leaving 0.5 mm material at the bottom. The scintillator plate is fragile at this point of the production and therefore has to be handled with care. A CNC machine of appropriate capacity will be used for milling the grooves. A vacuum bed will hold the scintillator in place with rubber gaskets during grooving. The position of the scintillator on the vacuum bed will be marked accurately. This way, the scintillator piece can be brought back to the same position if it is removed. 





Grooving will be done in two stages. The deep, separator grooves will be milled first with a 0.89 mm(width) cutter. These grooves will be 9.5 mm deep leaving only 0.5 mm material at the bottom. The scintillator plate will then be taken out and the deep grooves will be filled with epoxy as described for HB in sction 6.7.1.1. Till the epoxy dries up the scintillator plate will be fragile and has to be handled with care. After the epoxy dries up, the scintillator plate will be put back on the vacuum bed again in the same position. Then the sigma grooves will be made with a keyhole type design and the procedure will be as described in 6.7.1.1. The length of the grooves will vary according to the sizes of the tiles. These lengths will also be kept in the data base.





The 2 mm piece of black polystyrene plates which will be used for routing the fibres coming from the scintillator tiles, will also be grooved by the CNC machine. There will be one 2 mm and one 1 mm polystyrene plate corresponding to each tray. Therefore these plates will also be of 


different sizes as given in section 4.5.1. Each of the 2 mm plates will be grooved for fibre routing, passage of source tube and quartz fibre routing. The sizes of grooves for each plastic cover plate will be kept in the data base. The CNC machine will be programmed for different groovings using the data base for both the cover plate and the scintillator. Holes will be drilled at   regular intervals on the scintillators and the cover plates for rivets which will hold the whole assembly together.





Material  needed





 HO-B will have 360 trays per layer, i.e. 720 in total. Each tray will be roughly 5 degrees in phi (0.41 m) and 2.5 m in z direction. Scintillators will be ordered in pieces having roughly the 


dimension of a tray i.e. .45 m X 2.6 m. The table 7 below shows the material needed for the  production of 720 HO-B scintillator trays.








                           Table 7- material for HO-B





   Material�
Quantity�
�
Scintillator, BC408, 10 mm  (m2)�
770�
�
Black Plastic, 2.0 mm thick ( m2)�
770�
�
Black Plastic, 1.0 mm thick ( m2)�
770�
�
Reflective paper: Tyvek 0.15 mm ( m2)�
1570�
�
Black wrapping: Tedler, 0.05 mm ( m2)�
1650�
�
Y11 WLS multiclad Fiber, 0.83 mm (Km)�
15.�
�
Clear Multiclad Fiber, 0.83 mm (Km)�
30.�
�
Clear 18-fiber Cable, 0.90 mm  (1.2 x 15 mm)( m)�
1600.0�
�
Epoxy: TiO2 loaded resin (cc)�
25�
�
Kaptan tape: 0.15mm (Km)�
4�
�
�
�
�



 Time estimate


 In order to give a realistic time estimate for the production of the two layers of HO-B, an estimate has to be made of the amount of grooving necessary. Following is an estimate of the total length of grooves in HO-B for fiber laying.





If one assumes each groove to be roughly of the size 0.18 m X 0.25 m in layer 1 and 0.21 m X 0.28 m in layer 2 then the total groove lengths will be 6842 m and 6912 m for layers 1 and 2 respectively. Similarly, for the tiles with two grooves, the total groove length will be 126 m and 


138 m for layers 1 and 2 respectively. Thus, we will have to mill about 14 Km to make all the grooves in the scintillator. This will be the major portion of the production work.





The length of the separator grooves can be estimated similarly. Every tray has typically 6 tiles and hence 5 deep separator grooves. Therefore for 720 trays total number of deep grooves will be 3600. Each deep groove will be roughly .4 m long (phi length of a tile). Therefore, total length of the deep grooves will be 1.44 Km.


   


The 2 mm polystyrene plate will have two wide pathways for fibre routing and one groove each for laser signal and radioactive source tube. This can be considered as four grooves, each of 


length 2.56 m. The total length of grooves on 720 such polystyrene plates will be about 7.4 Km .





 The following production times are based on simple calculations that break down the total operation into steps whose timing has been measured. The times are given for the machining of all the tiles in the two layers of HO-B. A CNC day is one 8 hour shift. A year is 200 working days.





Table 8 Time Estimate for HO-B Production


                                      


              Scintillator                                               one tray


       0.83 mm ball groove                                    0.5 days


       Separation  groove                                       0.1 days


            Total                                                       0.6 days





     Top black plastic                     


         Grooving                                                    0.2 days


       Total CNC time                                            0.8 days





  Therefore for 720 trays we need 600 CNC days, i.e. 3 years in real time.





Quality Control during production of scintillator plates





   (Same as for HB, as in section 6.7.1.5.1, repeated here)





     The scintillator pieces will first be examined for any damage, like scratches or breaks. After some superficial cleaning it will be sent for grooving. Next will come fibre laying and packing. A quality control sheet  will be filled at each stage of the production on each piece of scintillator. The information on these sheets will be then be entered into a data base in the computer.





The following steps will be taken to check the quality of the tiles.


 Record information on each plate of scintillator from the manufacturer. 


Measure the light yield of control samples from each batch of scintillator sheet. Measure attenuation lengths from batches.


Inspect each batch of optical fibers, and measure the attenuation lengths and light yield from samples of each batch.


Measure the combined light yield and transmission of each fiber-connector assemblies (pigtails).


Measure the light yield of each assembled scintillator tray with a collimated and a wire (pointlike) Cs-137 gamma source.











   The following production information will be kept in the data base.


The information sent from the  manufacturer about the scintillator  pieces.


Measurement of the light yield and attenuation of the scintillator control pieces.


The results of the UV pigtail scans.


The results of the collimated and wire source scan of the scintillator trays.








 6.7.3.2  Production of fiber/connector assemblies (pigtails)


 6.7.3.2.1 Fiber cutting/polishing/splicing/assembly





     Essentially the same steps will be followed for HO-B as described for HB in section 6.7.1.3.1. Two fibre splicing machines will be set up along with a single fibre polisher. These will be used to polish the  WLS fibres and splice them to clear fibres. 





 6.7.3.2.2 Quality control





     A UV scanner will be set up which will be able scan and measure the attenuation length of several fibers simultaniously. Fibres will be tested at regular  time intervals to monitor the uniformity of their performance. 








6.7.3.2.3 Quality assurance


  6.7.3.3 Scintillator tray assembly


     6.7.3.3.1 Quality control


     6.7.3.3.2  Quality assurance





6.10  Cable and fiber layout


6.10.3   HO-B fiber layout  


        Lights from individual tiles in a tray are brought to the decoder box, located above the outer most layer of muon station, through optical fiber cables. In each tray there are 4,5 or 6 tiles depending upon its location . Generally there are 4 fibers per tile ( some smaller tile 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 accommodate 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 300 f 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 corrider in the middle of every 50 f sector one 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  300 f 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).


6.11 Access, maintenance and operations


HO-B Access, maintanance and operations











