		CMS Hadronic Calorimeter Photodetector	

	Hybrid PhotoMultiplier Tube with Silicon Photodiode target








1. Photocathode:�Fiber optic window with S20 photocathode����Quantum Efficiency:�>12% at 520 nm���Radiant Sensitivity:�>50 mA/W at 520 nm���Dark Counts:�<250 cnts/s/cm**2���Photocathode Uniformity:�better than 8%��2. Diode�Reverse Current:�<50 nA at all bia voltages���Pixel Capacitance:�4 pF���Channel and Lead Capacitance:�<25 pF���Thickness Uniformity�5 microns���Inter-pixel Resistance:�<100 Ohms���Junctions:�solder bump-bonding�
�
3.Overall Tube 

    Performance���
�
    3.1 Gain�Operating Gain:�>3000 electrons per photoelectron�
�
�Gain variation channel/tube:�<2%�
�
�Gain variation tube/tube:�<5%�
�
�Min signal (muon)�10 photoelectrons (1 GeV equiv)�
�
�Max signal (500 GeV hadron)�5000 photoelectrons�
�
    3.2 Linearity�Linear to 2% over this range:�(1 pe - 5000 pe or 12 bits)�
�
    
 
3.3 Noise�Noise floor:�3000 rms electrons equivalent to

1 pe response�
�
    3.4 Crosstalk�Optical crosstalk:�<1%�
�
�Capacitive crosstalk�<2%�
�
    3.5 Timing�Rate dependent gain shift:�<1% in all pixels�
�
�Step input :   rise time�<5 ns�
�
�                     fall time�<5 ns�
�
�Transit time spread�<1 ns�
�
    3.6 Magnetic

          Field�

Resistant to magnetic field to�

4 Tesla�
�
�Crosstalk�<2% at 5 degrees off-axis (0-4T)�
�
�Gain reduction�<5% at 
5 degrees off-axis (0-4T)
�
�
�
Forces not to exceed >> during 0 -> 4T ramp
��
�
�
Magnetic materials not to disturn 4-T field by



 > ?
 ppm.
��
�
�
Implications:
�
accelerating Gap < 3mm unused

pixel perimeter plus interpixel gap

> 400 microns
�
�
    3.7
 Pixel Size
�
Type types of tube required:
  Pixel size must

allow for bundles of:
�
a)  18 one-mm-diam plus thin 

      calib fibers

b) 
 
3 one-mm-diam plus thin


      calib fibers plus B-field 

      allowance as specified by 3.6.
�
�
    3.8 Lifetime
�
After integrated radiation dose of 10 e11 

n/cm2:
�
leakage current < 100nA

fluctuation in - PC response <5%


                      - 
dark counts <5%


                      - 
uniformity remains


                        
as specified in 1.


                        
A
nd 
3.1
�
�
    3.9 Pixel Failure
�
Number of pixel out of specifications:
�
2 or less
�
�
�
Number of pixels failing over 10 years

         due to leakage current:


         due to internal flaws:
�


1 or less


2 or less
�
�
Quantity
�
I
 need a final wedge and layer count for this
��
�
Delivery Time
�
One year for installation (?)
��
�
Cost Schedule
�
Final cost needs to average to under 

$100/channel
��
�






