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Abstract

This document has three principal purposes. First, it describes the PMTs for the
Pierre-Auger Surface Detector and the requirements for these PMTs as well as the
test results for 153 PMTs from the preproduction run. The test data from Photonis
is presented and compared with test data from the UCLA test stand. We discuss the
properties of the PMTs.

Second, we describe in detail the PMT test stand, software and data handling for
the system. This section is a user’s manual for scientists and engineers who will be
working with the test stand.

Third, this document contains the quality assurance plan to the PMT testing
including detailed procedures for operators of the test stand.
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Chapter 1

PMTs for the Auger SD and Test
Results

1.1 PMT Requirements for Pierre Auger

The water tanks in the Pierre-Auger surface detector form a sampling calorimeter.
The energy deposited in a tank is determined by measuring the amount of Cerenkov
light generated in the tank, which is proportional to energy deposited. The light is
measured with three 9-inch Photonis XP /1805 PMTs that collect the light which has
been randomized by scattering off the reflective liner of the tank.

The tanks must measure a wide range of phenomena. The water tanks must be
able to measure the enormous energy deposited by charged particles near the core of
an ultra-high-energy cosmic-ray shower. At the opposite extreme, the water tanks
must be able to measure accurately the energy deposited by a single vertical muon
(VEM) as it traverses the tank.

This imposes a difficult requirement on the system. The system must be able
to meaure a huge dynamic range: a vertical equivalent muon produces only about
30 photoelectrons per PMT so the system must have approximately 1 pe resolution.
Should Auger detect a shower of energy 10*'eV, we would measure approximately
40000 pe in 25 ns in a tank 500 meters from the core (peak cathode current of
250 nA[1]). Becasue the low-energy muon signal is our only calibration, even for high
energy events, linearity, is a key feature of the system.

The PMT must also survive in the environment for 20 years. Because dark-
pulse rate and dark current (DC) are predictors of PMT lifetime, we must study
these parameters closely to ensure that the PMTs do not show signs that they will
deteriorate quickly in the field. Dark-pulse rate does not have a significant impact on
the quality of the physics measurement as accidental spingle pe are small in charge
compared to cosmic ray signals.

Afterpulsing affects the energy measurement. We calibrate with single muons
whose width is < 100ns. However, afterpulsing occurs on a longer time scale —
1000 to 5000 ns which is the time scale of a cosmic-ray signal. Thus afterpulsing
affects cosmic-ray measurements much more than muon measurements. Also, a high
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afterpulse can be an indicator of a PMT that will not survive long. Thus afterpulsing
must be carefully tracked.

The excess-noise factor (ENF) and single-photoelectron charge resolution (or peak-
to-valley ratio) are related quantities which determine how well energy can be mea-
sured. The definition of ENF for a device is 02 ; = ENF x o? , where oy, is the
RMS resolution of the input signal and oq,t is the resolution out of the device. In
applications in which single photoelectrons are counted, peak-to-valley ratio is a more
natural quantity to characterize charge resolution than ENF. However, in an appli-
cation such as the water tanks for Auger, ENF is the more natural quanity because
it is determined from the width of the charge distribution for many photoelectrons.

Quantum efficiency is important because as quantum efficiency increases the res-
olution of physics signals is improved. However in the Auger water tanks we have
typically 50 PE per PMT per muon which is enough to have an accurate measure of
the response of the tank to a muon.

The electronics reads the PMT signal with a Flash-ADC every 25 ns. Thus the

PMT does not need to have fast timing.

1.2 Specifications and Responsibilities for Testing

Table 1.1 lists the specifications of the PMTs. Testing the PMTs is a joint responsi-
bilty of the collaboration and Photonis. The testing regime was agreed to at a meeting
in Brive between the UCLA group, the IPNO group and Photonis. This agreement
was reported to the collaboration in December 2001 at the surface-detector electronics
meeting at IPNO[4] and at the April 2002 collaoration meeting|5].

All tests of the PMTs requiring DC measurements must be performed at Photonis
because the company mounts the (AC coupled) bases onto the PMT. The DC tests
to be performed on all PMTs are

e Cathode Sensitivity

1. Sk (DC cathode senitivity to red light)
2. Skb (DC cathode sensitivity blue light)
3. Sk (350 nm) (DC cathode sensitivity at A = 350nm)

e Gain, Dark Current and Supply Voltage

1. Standard operation at Gain = 2 x 10°

2. High Voltage and dark current for Gain = 5 x 10%, 2 x 10°, 5 x 10°, 108,
and 2 x 106.

In addition to AC tests, Photonis tests the dark-pulse rate and single-photoelectron
peak-to-valley ratio. Currently Photonis is constructing a test stand for linearity mea-
surements (pulsed mode). This stand was not yet ready for the PMTs discussed here.
Photonis agreed to perform pulse-mode tests on 1 in 5 PMTs in the first 100 and



