7.6.  HOE Overview





	HOE refers to the hadronic calorimeter in the endcap region that is situated beyond the coil and on the inside face of YE/1. There are two such assemblies, one at each end of the CMS detector and labeled HOE+ and HOE-.   Here we consider only one end of the detector and refer to it generically as HOE. HOE consists of 72 sector assemblies,  each subtending 5 degrees in (.  Every six sectors ((( = 30 degrees) are served by a Decoder Box (DBX) which is located at the outer radius of the YE/1 steel  (r ~ 6.96 m).   Each HOE sector assembly consists of a single megatile layer, which is mounted onto the back (large |z|) face of a  ME1/2 muon chamber.  Each megatile is subdivided into 7 (( intervals, with four waveshifter fibers to reach out each interval.





	Optical signals from the megatiles are conveyed via ribbon cables of fiber-optic waveguides up the radial crack at |z| ~ 7 m that delimits the barrel/endcap muon region to the DBX for signal processing.  Laser calibration signals are conveyed in the opposite direction from the DBX to the megatiles via quartz fiber.





	Power, cooling, and high voltage services are supplied via the radial crack just beyond the solenoid, as are laser calibration signals. Digitized, optical signals destined for the DAQ system follow similar routing.   








7.6.1	HEO Front End Optical Layout  





	Figure ___ shows the layout of an HEO Decoder Box, with dimensions 30 cm x 20 cm x 12 cm.  This structure is functionally similar to HB/HE Decoder Boxes, except that the box size is reduced since only one 73-channel format HPD is supported per box. Also the electrical and optical patch panels are modified to account for orientation differences, and magnetic shielding of the box is required to screen out the leakage field from the muon steel.  Structures within the interior of the box will be fabricated of non-magnetic materials: aluminum, copper, brass and plastics.  Each DBX is mounted on to YE/1 steel and consists of two compartments which are optically isolated: a fiber-optic compartment and an electronics compartment.  One 73 channel HPD is mounted on the  interior wall between the two compartments.





	Access to the fiber-optic compartment is via optical connectors at one optical patch panel.  The patch panel (Fig.___) is of 9.5 cm x 5 cm x 0.6 cm thick aluminum, and serves as the mounting surface for optical connectors arranged in one column of twelve connectors. Each connector supports 18 multiclad fibers of 940 micron diameter on a pitch of 1.4 mm, and fourteen of the 18 fibers within a connector correspond to active elements within a megatile.  Two connectors are required to read out a megatile. Each of the optical connectors is optically finished by diamond flycutting.





	All optical signal fibers used in the HOE Decoder Box are of 940 micron diameter, multiclad construction.  As for HB and HE, Kuraray S-type fiber is used for all interior optical interconnections.





	Additionally on the optical patch panel, there are three connectors supporting six quartz fibers of 200 micron diameter for transmission of laser calibration signals to each megatile.





7.6.2  HOE Fiber Decoder Bundles





	There are 12 HOE Decoder Boxes per end of the detector and 24 in all.





	





7.6.2.1  Formation of HBO Towers





	Within the optical compartment and ~8cm behind the optical patch panel is a second Delrin sorting plate through which the interior optical fibers are organized into tower geometry.  For HOE there are 42 “tower bundles” of 4 fibers.  The holes in the sorting plate are oversized, so that the fibers simply pass through with no constraint.  The bundles are then formed into tubes and routed to the HPDs.   Additionally, an extra multiclad fiber of 300 micron diameter is inserted into each bundle which is optically connected to the laser/LED calibration system to provide an independent monitor of the sensitivity and gain of the HPD pixels.





7.4.2.2 Mapping to Hybrid Photodiodes





	A mapping scenario is presented in Figure ___.   Choices of pixel position are driven by the need to keep fiber bend radii as large as possible within the space constraints and for “simplicity” of the pattern of fiber routing.





	Registration of	 the fiber bundles to the HPD pixels is performed in a similar fashion to the HB Decoder Boxes.  As for HB, alignment concerns include:  misaligment of fiber bundles in the cookies; misalignment of the cookies relative to the HPD pixel structure; and offset of the photoelectron image due to stray magnetic field. The cookie is registered with alignment pins provided on the HPD which will allow for an alignment tolerance of < 80 microns between fiber bundles and HPD pixels. Our current HPD design layout permits a misalignment of up to 100 microns.  To achieve this will require magnetic shielding around the decoder box to eliminiate any stray filed component.  








7.7 HCAL Summary





	Here we summarize the numbers of decoder boxes per HCAL subsystem, etc.











