IV. Phase I Work Plan

BNL will be responsible for some of the operational testing of the prototype APDs.  From our experience with phototube performance, we will be able to obtain a measure of the improvements possible with advanced APD development.  We propose a test plan below that allows a comparison of large surface APD performance with that of currently existing APDs and phototube technology.  We will make use to two testing techniques to measure the performance factors of the APDs.

The first technique utilizes a fast triggerable light emitting diodes (LEDs) capable of producing light pulses of nanosecond duration.  This will be used in tests of the time response, uniformity and gain of the APDs.  LEDs of different colors can give information on the spectral response of the APDs as well.

The second technique makes use of existing calorimeter modules of the “shashlyk” style.  Shashlyk modules are fabricated from multiple layers of lead (0.25 mm thick) and scintillator (1.0 mm thick) which have an array of holes penetrating the entire stack allowing wave-length shifting fibers to be threaded through for light collection and readout.  These modules have been used widely in high energy and nuclear physics experiments (see for example Nucl. Instrum. Meth. A432, (1999) 232-239, NIM A344 (1994) 57-63, NIM A348 (1994) 74-86.)  Current experiments using standard phototube readout have formed the basis of a fundamental understanding of the shashlyk behavior.  We plan to replace the existing phototubes on shashlyk modules with APDs.  These modules will be used in a variety of applications to study five performance factors that will be used to judge the applicability of the APDs for calorimetry.


The first performance factor is quantum efficiency.  APDs have a great advantage over phototubes in their sensitivity to light.  Typical quantum efficiencies of APDs are in the range of 60 to 90 percent throughout much of the visible spectrum.  We plan to study the quantum efficiency of the prototype APDs to verify that these gains are preserved.  Preliminary testing will be performed using pulsed LEDs to produce known light levels over a variety of spectral ranges.  From these tests we will be able to determine the quantum efficiency of the APDs.


The second performance factor is called the excess noise factor.  This refers to the contribution to the resolution of the APD that is due solely to the device itself.  In a perfect light sensor, the response function should be represented by a Poisson distribution with a variance equal to the mean number of photoelectrons captured by the device.  Thus an APD measurement of 100 photoelectrons should have a contribution to the RMS error of ~10% due to photon counting statistics alone.  Any contribution to the response function causing a greater error is called the excess noise factor.  Typical excess noise factors of 2 and greater have been recorded for APDs.  It will be an important test of the APD performance to measure this quantity.


The third performance factor is the uniformity of response across the face of the APD light collection surface.  This is crucial to energy resolution.  We plan to use a pulsed LED to scan across the surface of the APD.  Similar techniques have already been used to characterize phototube uniformity.


The fourth performance factor is timing.  It is in this area that APDs have a significant challenge when compared to phototubes.  In order to test the ultimate timing that can be achieved with large scale APDs, we will make use of a cosmic ray test stand with independent triggers to give the transit time of a cosmic ray muon through the shashlyk module.  The jitter in the response time of the APD can be determined by comparing the discriminated signal times from the APD and the triggers.  Cosmic ray test results will be compared with pulsed LED timing measurements to give a complete picture of the APD time response.


The fifth performance factor is APD gain or amplification.  Similar cosmic ray studies will be used to study the gain of the APDs under a variety of conditions.  Earlier studies of shashlyk calorimeter modules have given us a firm understanding of their light output.  Using these tools developed for phototubes, we can investigate the response of APDs to low illumination levels and even single photons.

Applications:

One of the potential applications for large surface mass produced APDs is for the high energy physics experiment KOPIO.  This experiment makes use of plastic scintillator to identify charged particles and photons.  Current designs anticipate the use of 3000 phototubes with 2 inch diameter active areas as part of a photon calorimeter, and 1000 additional phototubes to be used as part of a photon veto counter.  Most of these phototubes will need to operate in a region of relatively high magnetic field, ranging up to hundreds of gauss.  If a solution could be found that would allow APDs to replace these phototube, many advantages would accrue.

