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Photomultiplier Tube Failures in SNO

SNO+ inherited the detector and its 10,000 photomultiplier tubes (PMTs) from the SNO experiment.
During the lifetime of SNO, various external and internal factors caused about 800 of the PMTs to cease
functioning correctly. Many of these PMTs experienced a short in the base electronics, which can be
repaired by replacement of the circuit board in the base. Unfortunately, roughly 10% of the failed PMTs
were caused by other internal faults and cannot be repaired. The distribution of failed and repaired PMTs
can be seen in Fig 1, where the PMT’s vertical distance from the equator is plotted against its operating
voltage.

Figure 1: Distribution of failed PMTs: vertical position with respect to the photomultiplier support
structure (PSUP) equator vs. operating voltage. Horizontal bands denote 50 cm intervals.

It is important to note that replacement PMTs must be closely matched to the operating voltage of the
failed PMTs for compatibility with the power supplied from the electronics. For this reason, PMTs in the
white areas at the top and bottom of Fig 1 were pulled, repaired, and replaced in their original locations.
The repaired PMTs were retrieved from the bottom of the cavity before the start of water filling and from
the upper PSUP. The remaining PMTs will be removed and then replaced from a collection of spares.

Accessing PMTs

In the detector PMTs are accessed by lift when the cavity is dry, by tethered climbing on top of the
PSUP, and by boat during filling.

Motivation for Repairs

Because SNO+ detects scintillation light, which depends on particle energy, the light collection efficiency
of the detector directly impacts its energy resolution. For neutrinoless double beta decay, SNO+ will
look at a region of interest from −0.5σ to +1.5σ around the 0νββ energy peak, at 2.5 MeV, where
σ ≈ 130keV . The addition of 800 PMTs could increase the photon capture by up to ∼ 5%. In this case,
σ would decrease to ∼ 125keV and the region of interest would shrink by ∼ 5%. This improvement
in resolution would decrease two of our prominent backgrounds, 8B and 2νββ, by ∼ 5% and ∼ 20%
respectively. Furthermore, this additional light collection will lead to better photon statistics and more
precise particle identification.

Repairing a PMT

Failed PMTs are put through an initial dark box test. Testing
includes:

• resistance and capacitance testing

• assessment of the signal quality at operational voltage

• monitoring for breakdown while ramping and at opera-
tional voltage

All failed PMTs proceed to the next step; however, those which
appear to function properly are likely candidates for alternate
modes of failure, e.g. water leak in the PMT cable, and are
flagged for further inspection.

PMT bases are disassembled and cleaned:

• remove heat shrink collar and plastic hub

• failed circuit board is removed

• original silicone gel is removed from the PMT and hub man-
ually

• silicone residue removed with solvents

• PMT and hub are rinsed

PMT electronics are reassembled:

• a new board is taken from the remaining SNO circuit board
stock and soldered onto the PMT

• new capacitors are attached to the board

• if degraded or broken, high voltage (HV) connector leads
are replaced

• HV connector is reattached to the board

• PMT is tested again in dark box

If it fails, the circuit board will be replaced a second time. A
second failure at this level qualifies a PMT as having an internal
issue and no further attempts are made at repair. If the PMT
passes, we reassemble it.

Reassembling the hub:

• a new heat shrink collar is pre-formed

• heat activated glue tape is used to bond the heat shrink
collar to the PMT and hub

• connectivity test to ensure that the HV connecter leads
were not damaged during assembly

• clean hub with solvent and rinse

• conformal coat the inside of the hub (including electronics)

Heating the glue tape is a delicate stage as heat must be ap-
plied carefully so that the glue activates without melting or
deforming the hub.

Finally, the PMT is potted and capped:

• the bulk of the PMT hub is filled with a two-component
silicone gel

• gel is degassed in a vacuum chamber

• the gel is left to cure overnight

• PMT filling port is then filled to the top and capped

• PMT is thoroughly cleaned, rinsed, and bagged for trans-
portation underground


