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Abstract: Each of the 300 water Cherenkov detectors of the HAWC Observatory is instrumented with three 8-
inch Hamamatsu R5912 photomultiplier tubes (PMTs) and a central 10-inch Hamamatsu R7081 high quantum
efficiency PMT. The 900 R5912 PMTs are reused from the Milagro experiment, which was operated from 2000 to
2008 in the Jemez Mountains near Los Alamos, NM. In order to characterise the present performance of these
PMTs, an automatic system was designed and constructed to scan the photocathode surface with a pulsed light
source to determine the gain variations at 101 points distributed over the active surface. Gain and efficiency
variations over the photocathode surface can be studied with large pulses and with single photo electrons. We find
systematic non-uniformities that seem related to the geometry of the entry window into the dynodes.
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1 Introduction
The HAWC Collaboration is building a high-energy gamma
ray observatory at a latitude of 19 deg north and 4,100 m
asl in the Sierra Negra mountain in the State of Puebla,
central Mexico [1]. The array will consist of 300 water
Cherenkov detectors (WCD) that will study the incoming
gamma/cosmic rays in the hundred of GeV to hundreds of
TeV energy range. This is done through the detection of the
Cherenkov light emitted by the related air shower particles
as they enter the large water containers.

HAWC will reuse the 900 Hamamatsu R5912 photomul-
tipliers of 20 cm diameter from Milagro [2]. In order to
characterise their present performance we scan the active
area of the photocathode in order to measure the efficiency
and gain. A robotic characterisation system (RCS) was de-
signed and manufactured to achieve automated measure-
ments over 101 points distributed on the PMT active spheri-
cal surface.

2 The Robotic Characterisation System
The RCS is composed of three main subsystems: the me-
chanical, the electronic and control and the data acquisition
subsystems. There is a mechanisms for positioning a LED
normal to the photocathode surface in a light-tight cabinet.
The positioning mechanisms are driven by stepper motors,
which along with micro-switches and cabling compose the
electronic subsystem. In addition there is an open-loop con-
trol system that includes the software for the controllers,
the definition of home position, the pulsed triggering, etc.

The RCS has an arched arm with the inner segment
having a 25 cm diameter and a light source at its apex that
can be moved in azimuthal an vertical directions and thereby
sweep the entire surface of the photocathode. The light
source coupled to a short optical fibre produces a narrow
beam spot of 3 mm diameter on the photocathode surface. It
is an ultra bright (9000 mcandles) blue LED whose emission
is centred at 470 nm, and extends from 440 to 500 nm. The
LED is driven by a Tektronix arbitrary function generator

Figure 1: Diagram of the scanning robot with its different
functional parts.

(TFG) with a square pulse of 10 nsec width; the amplitude
can be adjusted to get from one single photoelectron (PE)
to 50 PEs. The data acquisition (DAQ) has been done by a
CAMAC system (Wiener CC32 PCI controller and a 2249A
LeCroy ADC) controlled by a computer with MS Windows
operating system, the same computer controls the TFG. The
trigger for the DAQ is taken from the TFG; this allows
measuring the time resolution of the PMT as function of
the number of PE and monitoring the efficiency of the
photocathode. Figure 1 shows a diagram of the experimental
setup.

In order to keep the light source perpendicular to the
surface as it scans over the sensitive area the RCS was
designed with two orthogonal rotational axis. The vertical
axis carries a rigid frame with the second axis that rotates
an aluminium arch that is concentric with the PMT surface
and which carries the light source at the apex.

A picture of the PMT with the scanning pattern is shown
in Fig. 2 2. One can see the shape of the entrance window
to the dynodes in the centre.

The RCS software consists of three modules. The first
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Figure 2: Image of the R5912 PMT with the scanning
pattern of the 101 measured points indicated.

module interacts with the stepper motor controller by means
of a network connection through a TCP socket. This module
allows the user to control azimuthal and elevation stepper
motors and setup their basic operation parameters. The
second module is used to control the Tektronix AFG 3252
function generator which in turn sends the signal to the
LED. The module uses TeKVISA connectivity library
provided by Tektronix. TekVISA provides communication
with instruments via an Ethernet link. The third module is
the main program, a GUI that is in charge of data acquisition.
It interacts with the CAMAC library provided by the crate
manufacturer to get data from the LeCroy ADC. Once the
user defines the points over the PMT surface where the LED
will be positioned the GUI starts the data acquisition run.
At present, the 101 point run takes less than 15 minutes.

3 Results
The pulses from the PMTs as a response to the flashing of
the LED are digitised by a charge integrating ADC in a
20 ns time window with a conversion of 0.25 pC/channel.
For each measurement the LED is flashed 10,000 times
at a given excitation voltage VLED. The gain curves are
measured by varying the HV on the PMT from 1400 V to
1850 V. Typical operating voltages correspond to a gain of
1.5x107. The LED light intensity can be varied by changing
the excitation voltage provided to the LED by the TFG. Fig
3 shows the charge spectra for the LED mean light output
varying from 1 to 5 PE.

Profiles of the PMT response to a fixed illumination
from the LED flash are shown in Fig. 4 for the scanning
of the 101 points. One sees there are inhomogeneities as
the light source scans the surface of a given PMT. These
are more clearly shown in the contour plot of Fig 5, which
shows the variations of the average charge of the PMT
signal as function of the position of the light source on the
photocathode surface. There is a higher gain on the left side
of the figure.

4 Conclusions
The Hamamatsu R5912 photomultipliers used in the Mila-
gro experiment will be reused by the HAWC gamma ray
observatory. In order to evaluate the status of these PMTs
after 8 years of use, a robotic characterisation system was
constructed that can scan the photocathode of the PMTs

Figure 3: Response of the PMT to different light intensities
of the LED.

Figure 4: Measured profiles of the gain variations as the
pulsed light source scans the PMT surface.

with a pulsed light source. The average charge of the digi-
tised signal is used to study gain variations over the photo-
cathode surface. A systematic effect of a lower gain over
the round edge of the window to the dynodes was observed.
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Figure 5: Contour plots of constant gain over the PMT
surface.
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