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(Abstract– This paper presents the results of study of a high rate photomultiplier and active base assembly designed for use in scintillator counters of Hall-D Jefferson Lab Broadband fixed-array Tagging Hodoscope. In its standard configuration the fixed-array hodoscope consists of 218 plastic scintillator counters made with Hamamatsu R9800 one inch in diameter photomultiplier tube. All tubes are equipped with new active base designed in JLab. The base is comprised of high voltage divider integrated with amplifiers powered by current flowing through the divider (U.S. Patent No. 6,791,269). This original design allows limiting the PMT anode current to 15-20µA at 4MHz count rate, and allow tube operation at lower High Voltage bias voltage while retaining a desired overall gain and dynamic range of output signals. Over two hundred PMT and base assemblies were manufactured and tested and studied with pulse laser source and scintillator. The results of testing R9800 photomultiplier in a new active base are presented and discussed. 

I. INTRODUCTION

GlueX is the new experiment being developed at Jefferson Lab, where main physics goal is to search for mesons with gluonic excitations using beams of linearly polarized photons.  The photon beam will be produced in the coherent bremsstrahlung process by 12 GeV electrons incident on a thin radiator. The energy of each photon in the energy range of interest can be determined by measuring the momentum of the recoil ("tagged") electron. Tagged electrons are deflected in a 6 m long dipole magnet and are detected in the tagger broadband hodoscope. The hodoscope consists of 218 plastic scintillator counters positioned behind the focal plane of the tagger dipole magnet. The position of each counter corresponds to the specific momentum of the tagged electron. In order to equalize the counter rate, counter widths vary between 3 mm and 2.1 cm. The light produced by an electron in the scintillator will be detected by the Hamamatsu R9800 photo multiplier (PMT). The amount of light seen by the PMT corresponds to about 300 photo electrons. The counters will be operated at a relatively high rate of about 2 - 4 MHz. Continuous operation of tubes at high rate may result in the damage to the last dynode by electron bombardment and lead to a subsequent degradation of the tube performance. The maximum average anode current of the R9800 PMT is about 100 uA. For the long term operation of PMTs, a smaller current of about 20 – 30 μA is desired. This requires to operate the PMT at a relatively small voltage of about 950 V, which corresponds to a tube gain of about 2·105. In turn, the small gain results in small signal pulse amplitudes, therefore an amplifier is required. The hodoscope counters should also be able to identify the accelerator beam bunch where the tagged electron is produced. This requires the timing resolution of the counter better than 250 ps. To meet all above mentioned requirements, the PMT has to be connected to the fast amplifier.
II. Method
An efficient version of the active base with amplifier powered from current flowing through the divider was designed in Jefferson Lab. This kind of PMT base has been working successfully for nearly a decade in several Jlab detectors [1,2,3]. The divider comprises of a fast amplifier with gain factor about 8.5 and linear output maximum up to 3V on 50 Ohm load. The R9800 photomultiplier is a round, one inch in diameter tube with flexible solderable leads. The base is a set of two compact boards soldered to photomultiplier’s leads see photo on Fig. 1.
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Fig. 1.  The R9800 Hamamtsu photomultiplier and active base assembly produced for Hall D hodoscope.
Over 200 bases were produced, installed on PMTs, and tested with fast pulsed laser light source. The intensity of the test light pulse was adjusted to approximately the level of 300 photoelectron production in the examined tube. Each tube was tested at a pulse repetition rate from 10 kHz to 10 MHz and anode bias voltages from 850 to 1100 volt. The PMT-base assembly output pulse amplitude, the amplitude spread, rise time and divider current were recorded for analysis. All results are consistent with natural tolerance of bare tube specs. Fig. 2 shows a sample of one R9800 tube with base response as a function of rate and light pulse intensity while operating at 1000V high voltage bias.
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Fig. 2  PMT plus base assembly response as a function of light pulse intensity, rate and bias voltage. (Note, in experiment when PMT will operate with a plastic scintillator the pulse amplitude will be about 1/3 for the same amount of light.)

An average output pulse rise time of produced PMT and base assembly from laser light source is about 1.3 ns and is spread from 0.9ns to 1.8ns depending on bias voltage and tube part number. Because R9800 tube with original Hamamatsu base and plastic scintillator has about 2ns rise time this effect is insignificant for timing in desired application. Moreover, a Low-Pass Filtering (LPF) feature of active amplifier helps to improve signal to noise. In addition, amplifier provides a better termination with transmission line which leads to a lower attenuation factor in the cable lines. Results and analysis of bench testing of the developed PMT and active base assembly and how they met the Hall D tagger hodoscope requirements are presented and discussed.
Conclusion
We reported results of a bench testing of a large amount of produced R9800 and active base assemblies manufactured for use in Broadband Tagger Hodoscope in GlueX Hall D Jefferson Lab experiment. The developed base met all technical requirements of desired application. It permits the tube operation at low HV bias and low gain mode while retaining full required total gain. The amplifier is powered from the divider current, thus all PMT-active base assembly does not require any extra cables for operation. The tube anode current has been reduced to ≈25 μA at 4 MHz count-rate maximum which will extend the photomultiplier tube life.  
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