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Tilted Mount Concept



Request for Information (RFI)

• What is an RFI? 
• We sent out RFI and got response from 3 

companies
• Hamamatsu: 
• HCZ Photonis: 
• ETEL: 

• We are working towards being ready to order PMTs 
by October 1, 2018





(Note: ANNIE will use 20 of these now being potted at UC Davis)

At this time we do not have a proven
encapsulation design, but we would be keen to
work with the project to develop and validate
an encapsulation design and carry out the
production work to encapsulate tested pmts.









First 125 PMTs have arrived

• Julie and Tomi put SHV connectors on six and did 
an acceptance test - all passed
• These six will be distributed as needed in the test 

plan ASAP
• 100 PMT shipment to UK in July, 2018 for exercise 

of the test stand and testing to see if production 
testing can be done above ground



Mechanical Testing



Performance Testing



Transport Development



Engagement with Physical 
Sciences Laboratory at Wisconsin



LBNE PMT Implosion Studies



The Issues
• In 2001 a chain reaction of implosions triggered by 

a single PMT failure destroyed 7,877 PMTs (6,777 
20-inch and 1,100 8-inch) in the Super-Kamiokande
detector in Japan. 
• Super-K did a series of studies for their 20-inch 

PMTs on muffling the explosions with FRP covers 
with UVT acrylic faceplates
• LBNE also did a series of studies (summarized 

here)
• Low radioactivity glass has not been studies for 

implosion chain reaction resistance - how serious is 
this potential problem?



Detailed study of hydrostatic implosion mechanism for 
Hamamatsu 10-inch PMTs made with standard glass



Propulsion Noise Test System (PNTS) at 
NUWC in Newport, R.I.

15 meters in diameter, nearly two
kilotons of water. Can be pressurized up 
to 0.69 MPa (about 6.9 bars). WATCHMAN
will be about 2 bars.

Fast cameras and blast sensors used to
characterize implosion

Blast sensors

PVC frame

Unistrut
frame

PMT installed in holder that is attached 
To PMT equator

Far from wall, but also offset from center

Pneumatic plunger used to break PMT

Pressure at PMT 6.1 bars







Code developed to 
model implosion 
results

LS-DYNA  from 
LSTC Software, 
Livermore, 
California

(Does LLNL have 
expertise and 
license?)

0.5 m

1.0 m

Near 
wall

Conclusion: Good implosion model but not breaking model
From this paper



Study of Implosion Chain Reactions. Used 10-cm standard 
glass PMTs mounted in plastic cones with a spacing of 50 cm



LBNE PMT Holder Design from PSL

Injection molded ABS 
(may not be long-term
compatible) 4 mm 
thickness 

Designed for 10-inch
Hamamatsu

These tests done with
urethane instead of 
ABS

Note: this paper has a good description of the holder mechanism



NUWC Test Tank Setup

Three separate tests performed, with all PMTs changed out between tests

PMT P0 is
intentionally broken
to see if a chain
reaction occurs







Bare PMT versus

Open-Housing versus

Closed-Housing (i.e.
a UVT acrylic cover)

The pulse is spread out
and reduced in peak
intensity



PMT Fracture Simulations using 
LS-DYNA code

Assumed Borosilicate glass properties:

Density 2530 kg/m3

Shear Modulus 30.4 GPa

Poisson ratio 0.08

Tensile strength 0.15 GPa

(Strength numbers for housing also given)



Results for bare PMTs

• The fracture model showed that bare 10-inch PMTs 
with standard glass separated by 50 cm at a 
pressure of 7 bars do have the potential to have a 
chain reaction
• The (open) housings were predicted to prevent this 

chain reaction implosion under these conditions, 
with standard glass



Simulated chain reaction of 10-
inch bare PMTs



Implied Scaling 

This test was done at 7 bars, whereas in WATCHMAN our maximum
depth is 2 bars. This reduces the peak shock by a factor of 1.8, but
we don’t know the importance of the glass strength in determining
If this is too high still



Proposed Plan (for Discussion)

• Measure LRI glass strength from an exiting PMT to 
measure strength
• Engage the LS-DYNA Livermore-based company to 

simulate our situation for WATCHMAN (including 
PMT bucket mounts). Also predict crush pressure.
• If we have a safety factor >3 (?) then we are OK
• Crush 5 PMTs to see if simulation is reasonable
• If we have a safety factor less than 3, or if the 

simulation cannot be validated, use Standard Glass



First Draft Installation Plan




