


7.3.  HE Overview





	HE refers to the hadronic calorimeter in the endcap regions that is situated within the 4 T field. There are two such assemblies, one at each end of the CMS detector and labeled HE+ and HE-.   Here we consider only one end of the detector and refer to it generically as HE. HE consists of 36 sector assemblies, each subtending 10 degrees in (, and every three sectors are served by a Decoder Box (DBX) which is located at the outer radius of the sector  (largest r and small |(| region).   HE is logically divided into longitudinal (depth) sections:  HE1 which provides for 1 layer of initial sampling of a shower just at the exit of the endcap ECAL, and HE2 which consists of 19 sampling layers. Each sampling layer, or megatile, of  HE1 and HE2 is mechanically subdivided into intervals in (( and up to 14 intervals in ((.  At the highest |(| region of HE where radiation damage is an important concern, more sampling in depth is required if conventional scintillator is used, which is the present baseline.  For the six largest (( intervals, four depth samples in HE2 will be recorded: the first sample combining the two layers HE2-1 and HE2-2; the second combining the two layers HE2-3 and HE2-4; the third combining three layers HE2-5, HE2-6, HE2-7; and the fourth combining the remaining layers HE2-8 through HE2-19.





	Optical signals from the megatiles are conveyed via ribbon cables of fiber-optic waveguides up the 53 degree crack that delimits the barrel/endcap region and/or through the horizontal opening between the magnet and the endcap 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.   





7.3.1	HE Front End Optical Layout  





	Figure ___ shows the layout of an HE Decoder Box, with dimensions 80 cm x 25 cm x 12 cm.  This structure is functionally identical to HB Decoder Boxes, except that an additional HPD must be accomodated, and the electrical and optical patch panels must account for a different orientation of access in the endcap region.   The materials from which the box will be fabricated are non-magnetic: aluminum, copper, brass and plastics.  Each Decoder Box is mounted from the steel backing flange of the calorimeter wedge.   The DBX consists of two compartments which are optically isolated: a fiber-optic compartment and an electronics compartment.  Six HPDs are mounted on the lateral interior wall between the two compartments.





	Access to the fiber-optic compartment is via optical connectors at two optical patch panels, one at each end of the box.  Each patch panel (Fig.___) is of 9.5 cm x 9.5cm x 0.6cm thick aluminum, and serves as the mounting surface for thirty optical connectors arranged in two columns of fifteen connectors. Each connector supports 10 multiclad fibers of 940 micron diameter on a pitch of 1.4 mm, and each fiber within a connector corresponds to one of the elements within a megatile. Each of the optical connectors is optically finished by diamond flycutting.





	All optical signal fibers used in the interior of a  HE Decoder Box are of 940 micron diameter, multiclad construction. Kuraray S-type fiber is used is specified because of its flexibility.





	Certain of the megatiles of HE2 require special consideration in optical routing, because they are located directly beneath the decoder box, and hence optical connectors would be trapped (or blocked) by the presence of the Decoder Box (HE2-17 to HE2-19). For these waveguide connections, as in the case of the trapped layers of HB2, special fiber-optic cables will be prepared which are of cylindrical cross section and hence are more flexible than are the standard, flat  ribbon connectors. 





	Additionally, on each optical patch panel there are six connectors for quartz fibers that provide transmission of laser calibration signals to selected megatiles: HE1-1 and HE2-9.





7.3.2  HE Fiber Decoder Bundle





	A HE Decoder Box records the information from three 10 degree sectors.  There are a total of 12 HE Decoder Boxes at each end of the CMS detector and  24 in all.





7.3.2.1  Formation of HE Tower Geometry





	Within the optical compartment  of the decoder box and ~8cm behind the optical patch panel is a second Delrin “sorting” plate through which the interior optical fibers are organized into HE1 and HE2-HE6  subgroups and also into tower geometry.  For HE1 there are 48 “tower bundles” of up to 3 fibers (currently only one of which is implemented).  These are mapped to an HPD73 tube.  





	For HE2-HE6,  the number of layers summed in depth depends upon the ( bin.  


	


	For |(| < 1.98:  There are 52 towers formed by summing up to 19 available samples over the full depth of the HE.  These form towers HE6-1 through HE6-14, and are mapped onto three 19-channel HPDs labeled HPD19-1, HPD19-2, and HPD19-3.  





	For 1.98 < |(| < 3.0, the layer summation is provided over several samples in depth,  so that radiation damage effects can be compensated for by reweighting of the samples.  Four depth samples are planned:





	18 tower sums of 2 layers - labeled HE2-1 to  HE2-6,


		Covers 6 bins in ((:  1.98 < |(| < 3.0.


		These are mapped onto the HPD73 tube.





	6 tower sums of 3 layers - labeled  HE3-1 and HE3-2


		Covers 2 bins in ((:   2.52 < |(| < 3.0.


		These are mapped onto the HPD73 tube.





	12 tower sums of 3 layers - labeled  HE3-1 to HE3-4


		Covers 4 bins in ((:   1.98 < |(| < 2.52.


		These are mapped onto the 19 channel HPD labeled HPD19-3.





	18 tower sums of 4 layers - labeled  HE4-1 to HE4-6


 		Covers 6 bins in ((:   1.98 < |(| < 3.00.


		These are mapped onto the 19 channel HPD labeled HPD19-4.








	18 tower sums of 10 layers - labeled HE5-1 through HE5-6.


		Covers 6 bins in ((:   1.98 < |(| < 3.00.


		These are mapped onto the 19 channel HPD labeled HPD19-5.





Figure ___, summarizes the mapping scenario for a HE Decoder Box.





7.3.2.2 Mapping to Hybrid Photodiodes





	To implement the mapping scenario presented in Figure ___, fibers are routed from the patch panels through sorting plates in the optical compartment of the decoder box.   The holes in the sorting plates 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 pair of multiclad fibers of 300 micron diameter are inserted into each bundle which are optically connected to the Y11 mixer block of the Dye Laser/LED calibration system to provide an independent monitor of the sensitivity and gain of the HPD pixels.Choices of HPD location and 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 misalignment of tube axes relative to the direction of the local magnetic field direction. 





Mechanical:  The cookie is registered to the HPD faceplate with alignment pins provided on the HPD which should allow for a placement tolerance of < 80 microns between fiber bundles and HPD pixels. 





Magnetic Field:  Assuming a 2mm gap between the photocathode and the silicon in the HPD, 6 degrees of axial misalignment of the HPD axis relative to the field direction would lead to a systematic shift by 200µm of the photoelectron image on a given pixel. If up to 19 fibers are imaged per pixel (as is the case for HE6), we can tolerate a total misalignment of < 130 microns (see Figure __).  This implies that we must know the tube aligment relative to the local B-field direction to within 2.4 degrees.





7.3.3  HE Front End Electronics Layout 





	The HE front ends are functionally identical to those of HB.  Approximately half the Decoder Box volume is allocated to electrical and support services for the HPDs and for signal amplification, digitization, and optical signal drivers, calibration and slow controls functions, and for water cooling and thermal monitoring.  All of the output signals from the 168 available HPD channels (162 of which correspond to active detection elements) are routed to readout boards located in a custom crate structure, with lead lengths kept as short as possible.  The ceiling and floor of the electronics compartment are water-cooled copper plates to maintain all regions of the Decoder Box at or below a temperature of 26 degrees C.





	Services to the HPDs include:  Photocathode high voltage (-10 kV), bias voltage to the silicon (typically 100 V), and supply voltages for the QIE preamp/digitizer/driver boards (+5 V and +10 V).   These are supplied to the Decoder Box via a panel on the “front face” (see Fig.___).





	All HPDs used in HB will be operated at a photocathode voltage near (-10KV).  These will be fed individually from outside the detector over a minicoax to each HPD.  Similarly, LV bias (~100 V) for the silicon substrates of each HPD will also be supplied individually via minicoax from supplies located outside the detector.  These electrical power services are routed to the Decoder Boxes through vertical crack at the end of the solenoid magnet.





	Water temperature and flow sensors are placed on the entrance and exit ports of the water lines outside the detector.





	The electronics layout is shown in Figure____, and includes a HV system, two LV systems, and ancillary controls, calibration, and monitoring systems.   Each HPD channel is amplified and digitized in a QIE chip.  HPD outputs are multiplexed (three channels per optical link) and driven via laser diodes off-detector to the trigger and data acquisition system.  Water cooling is required for the electronics compartment because of power dissipation in the QIE chips and the laser diodes which are used to drive the digital signals off detector.





7.3.4  HE System interfaces.  





	Identical with HB.  The decoder boxes must maintain appropriate operating voltages, temperature controls, and diagnostic information to monitor and maintain stable opereration of HB1 and HB2 elements.  A TTC interface is included in each DBX.





7.3.5  HE Monitors and Controls System


	


	Identical with HB.  Numerous monitor and controls functions are required in every DBX.  It is expected that these will be served via the TTC.  








7.3.6   HE Access, Maintenance, and Operations





	Similar to HB, the HE decoder boxes will be designed to be maintenance free.  However currently the actual effective “lifetime” of an HPD tube is as yet unknown (time to failure).  Eventually one might expect some tubes to be replaced over the lifetime of the experiment. Because of the large array of electrical, optical, plumbing and other services directly in fromt of access to the decoder boxes, only simple adjustments can be made without functional disassembly of services in front ot the boxes.  Accesses of this kind could be effected when an endcap is withdrawn and easy access available. 





