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INTRODUCTION





The CMS experiment is a large, general-purpose detector for a new CERN accelerator, the Large Hadron Collider, which is due for completion in 2005.  One of the principal CMS design objectives is to construct a very high performance, compact electromagnetic calorimeter, (ECAL), providing excellent angular coverage and energy resolution. An ECAL based on scintillating lead tungstate, (PbWO4), crystals has been chosen as best fulfilling the experimental goals, and a design has been approved consisting of a cylindrical Barrel whose ends are closed by two disc-shaped Endcaps. 





The Endcaps will cover the pseudorapidity range 1.48 �<  (h( < 2.6 at each end of the detector, (a polar angular range, measured from the collision point, relative to the axis defined by the colliding beams, of 8.5o to 25.5o at each end of the detector).  Each Endcap will contain about 8,000 PbWO4 crystals approximately 30 x 30 x 220 mm3, and each crystal will be read out through one 30 x 30 mm2 face by a 26.5 mm-diameter vacuum photo-triode, (VPT).  The VPTs must offer an adequate signal-to-noise ratio with the low light yield of PbWO4 in the 4 T magnetic field of CMS, and must continue to operate satisfactorily over a ten year period in the presence of a radiation dose ( 2kGy per annum and a neutron fluence ( 5 x 1013 n cm-2 per annum.





Extensive tests during the past two years have demonstrated that mesh-anode VPTs with the required characteristics can be produced.  This document specifies the parameters of VPTs for the CMS ECAL Endcaps.





�



VPT SPECIFICATION





The specification is in two parts.  Part A contains requirements that are mandatory.  Part B specifies the performance of the VPTs with reference to desirable values of a number of key parameters.





PART A – Mandatory Requirements





	Construction:





Principal dimensions are listed below and given on the sketch at the end of this document.





Envelope length ( 31(1 mm.


Seal-off stub ( 14.0 mm long and ( 7.0 mm in diameter.


Overall length ( 46.0 mm





External diameter = 26.5 +0-0,2 mm. 


Measured over the conductive coating and the insulating film applied to the glass envelope. The envelope shall be coated with a conducting paint connected to the cathode pin and protected, by a thin, insulating sleeve.





The angle between the normal to the VPT faceplate and the axis of the cylindrical envelope shall be ( 1(.





Any face plate aplanarity shall be ( ( 50 mm, concave or convex.





The active diameter of the anode mesh shall be ( 19.0 mm and the photocathode diameter shall be ( 22 mm. 





	Radiation Hardness:





The faceplate shall be of US11401 UV-transmitting glass, optimised for radiation resistance over the PbWO4 photoemission spectrum with a thickness of 1(0,1 mm. The producer shall provide significant samples of faceplates to the customer from each production batch.





Sample faceplates shall, neglecting surface reflection losses, transmit at least 90% of PbWO4 scintillation light, following a radiation dose of 20 kGy and exposure to a fluence of  5 x 1014 fast neutrons cm-2.  'Fast neutrons' in this context means nuclear evaporation neutrons.





VPTs shall show not more than a 10% loss in anode response following exposure to a radiation dose of 20 kGy and exposure to a fluence of  5 x 1014 fast neutrons cm-2. For test purposes, each radiation dose will be delivered over a period of the order of a week.





The producer is required to guarantee the radiation hardness of the devices.





	Electrical Connections:





Electrical connection will be ( 100 mm length, made of copper flexible wires (PVMP-2 type) with section of 0.12 mm2  with a polyethylene coating of 1.6 mm, withstanding the voltage up to 6 kV.





The VPT’s socle (base) will be of cylinder type of 14 mm length, made  of  insulator (K-8 vicsint type) and wires should emerge from the base (socle) within a diameter of less than 14 mm. The wires shall be color coded as follows: red (anode), yellow (cathode), blue (dynode).





Connections should be well spaced around the periphery of the base and pins shall be treated to prevent oxidation.





	Temperature Ranges:





Operational temperature range        10(C ( T ( 35(C


Non-operational temperature range -5(C ( T ( 50(C





	Operational parameters:





VPTs will be operated with the cathode at ground potential. The normal operating anode and dynode voltages are in the range Vk-a ~ 800 – 1200 V, and Vk-d1 ~ 600 – 800 V, respectively. 





The anode (leakage + dark) current before and after burn-in,  (see below),  shall  be  ( 2 nA , under normal operating voltages and when Vk-a and Vk-d1 are varied by (100V from their normal values, for all magnetic fields  between 0 and 4T.





There will be a complete absence of internal discharges at normal operating bias, in magnetic fields from 0 to 4T, at angles between 0( and 26( to the VPT axis.





	Safety regulations:





The VPTs must conform to CERN TIS Commission Safety Instruction, IS 41, March 1995, on fire safety and radiation resistance.











PART B - Values of Key Parameters








	Photocathode Quantum Efficiency, P:





The quantum efficiency measured at a wavelength of 420 nm, P, shall be  ( 18%.





	Current Gain in Zero Field, G:





The current gain in zero magnetic field, G, measured with a blue LED, shall be ( 8,0 at 1000 V (Va-k ) and 800 V (Vk-d1).


	Burn-in ratio, B:





Each VPT will be 'burnt-in' by the producer, with a standing photocurrent of 200 nA produced by one or more dc-excited blue LEDs, for a period of approximately 10 hours,  The ratio of the VPT response at the end of this period, to that at the beginning, B, shall be ( 0.80.





	Response in a 4T Magnetic Field, R:





The ratio of the mean anode pulse height in a 4 T magnetic field, at 15( to the VPT axis, to the mean anode pulse height in zero field, R, measured using a pulsed, blue LED, shall be ( 0.75. 





Over the angular range 8 – 26o, the value of R shall not change by more than 10% of its value at 15(.


	


Excess Noise Factor, F:





The excess noise factor, F, shall be less than 4.0 at voltages 1000 Vk-a and 800 V  


Vk-d1 in a 4 T field at 15( to the VPT axis.





	Quality Factor, Q:





Following the above tests, an overall 'quality factor', Q, will be evaluated, where 


Q = P x G x B x R, where P, G, B, R are defined above.





Q shall be ( 1.15.
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