





Thermal design requirements for the CMS ECAL End Cap Detectors.





1.  Introduction


The major thermal requirement for the ECAL end cap detectors is to provide the controlled temperature conditions specified for the crystal detector elements.


For optimum performance the temperature of the crystals must be controlled to within +/- 0.1 C of the chosen operating temperature ( nominally 18 C ). The temperature gradient along the axis of the crystals must also be controlled to better than 2 C between the front and rear face of each crystal.


The thermal management design for the end cap detectors must achieve the temperature control specified for the crystal detectors in an environment which produces considerable thermal dissipation from various elements within and external to the ECAL end cap detectors.








2.  General arrangement of the ECAL end cap detector.


The layout and proposed design of the ECAL end cap detector is shown in Fig 1 .


In this scheme the crystal detectors are arranged in groups of 36 ( 6*6 ) which are designated Super Crystals.


Individual crystals in a Super Crystal are supported by means of an alveolar structure.


The Super Crystals are mounted and retained in position by means of a strong back support plate.








The Super Crystal units contain no thermal dissipative elements and the crystals are thermally connected to the back support plate which will be cooled to provide the temperature conditions required by the crystals.


All of the electronic modules are located in a region at the back of the support plate. This region is shielded from the neutron flux produced at the rear of the detector. It is also foreseen to provide thermal insulation in this region to prevent heat loss to the back support plate. 


The end cap crystal detectors are protected overall by an environmental screen mounted from the cooled back support plate. This screen is also thermally connected to the heat shield situated between the end cap crystal detector and the end cap preshower detector. Note : these two detectors which are mounted adjacent to each other operate at significantly different temperatures. The preshower detector is expected to operate at - 5 C compared to the + 18 C proposed for the crystal end cap detector. 


The ECAL end cap detectors are integrated into the CMS experiment by means of fixation supports provided by the HCAL end cap detectors. 








3.  Estimates of thermal dissipation.


Thermal dissipation within the ECAL end cap detectors is confined entirely to the power dissipated by the readout electronic modules and the electronics required for the F.O. monitoring system. The High Voltage system for the VPT’s draws only minimal current and the power loss can be neglected in the thermal management scheme for the end cap detectors.


Power dissipation levels for the readout electronics is estimated to be ~ 2.5 watts per channel resulting in an overall power dissipation of 30KW on each end cap detector.


Power dissipation by the F.O. monitoring electronics will be dependant on the final arrangement chosen for this system. Estimated power dissipation levels for this system are however not expected to exceed 1 KW on each end cap detector.








In the design proposed for the end cap detectors all of the thermal dissipating elements are located in a region at the rear of the support plate. This region is shielded from neutron irradiation and will also be thermally insulated from the crystal detectors. Cooling in this region to ensure stable operating conditions for the electronic modules will provided by a stand alone cooling system which will be decoupled completely from the thermal management system controlling the temperature of the crystals.








4.  Thermal integration within CMS.


The stringent thermal conditions specified for the crystal detectors necessitates that in addition to insulating the crystal detectors from the thermal dissipation generated within the end cap detector itself it is also necessary to protect the crystal detectors from any thermal dissipation generated by adjacent detector systems. This requirement can be met in part by the environmental shield fitted around the end cap crystal detectors but special arrangements will be necessary to optimise the interface between the end cap crystal detector and the end cap preshower detector. These two detectors operate in significantly different temperature regimes but need to be coupled with minimum separation distance for physics reasons. The thermal shield between these two detector systems will be the subject of a special joint design study by the teams engaged in the design of these detectors.
































5.  Summary of thermal design requirements for the End Cap detectors. 





The thermal management system required for the ECAL end cap detectors can be summarised as follows :








a.  Temperature control for crystals.


A highly regulated cooling system capable of maintaining the crystal detectors within the operational temperature limits specified.





b.  Cooling for Electronic modules.


A stand alone cooling system to extract the heat dissipated by the electronic modules.





c.  Environmental shield.


An overall environmental shield to protect the crystal detectors from any heat dissipated by adjacent detectors





d.  Thermal interface to end cap Preshower detector.


A custom designed heat shield between t
