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Overview

Pressure withstanding PMT encapsulations for LENA

wWhy encapsulate PMTs?

wDesign

wFinite Elements Analysis simulations + results
wNext steps

Fast Afterpulses in PMTs + SIPMs

wCauses
wReasons to study them
wAlgorithms to detect fast Afterpulses on the flank of a previous pulse

Summary
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Pressure withstanding PMT encapsulations
for LENA: Why encapsulate PMTs?

A Nextgenerationland-based neutrino experiments like
HyperKLBNE or LEN#setanks with heights of 5200m

Y High pressure at the tank bottom
AT9b!'Y FhpdyolrND[!. 0 b &l
Y At the moment no available PMT model fulfills

requirements '

A a) Develop new PMTs (LBNE)
A b) House PMTs in encapsulations (LENA)
No restrictions on PMT model to be used
Cheapefr?

Faster development
a0 LENA: certainly possible to fulfill requirements
- ¢ i Introduceradioactivity
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How to develop an encapsulation?

A Design, pressure simulatigrizuild
prototype, pressure tests




Pressure withstanding PMT
encapsulations for LENA:

Design

A Configuration
A Acrylic glass transparent window
A Stainless steel body housing, one or two parts

A Also incorporate Mumetal, Winston Cone and
connection to other PMTs + tank

A not crucial for pressure simulatiolys at a
later date

A Different encapsulation designs

A Conical
A based on Borexino + Double Chooz encapsulation
A Spherical

A as in deep sea neutrino telescopes / IceCube
A Elliptical

A Cylindrical
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PMT

PMT socket

u-metal ”_ connector

steel

encapsulation — Polyurethane

A Create engineering drawings with CAD software:

A SolidWorks Educational Edition Academic Year German

20102011 SP4.0 Beischle
5
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Pressure withstanding PMT encapsulations for LEN
Pressure simulations

A Simulate behaviour under pressure with a Finite Elements Analysis (FEA) sim
software

I Engineering drawings and FEA pressure simulations were done with same softwar

A Software: SolidWorks Educational Edition Academic Year Zmia SP4.0,
Simulation Premium package

A Settings: Linear static study, 12bar pressure, node distance 3afhi5mm

A Materials: High impact resistant acrylic glass,
1,4404 stainless steel X2CrNiMellZ2

A Computer: Intel i7-2600, 8GB DDRRAM,
AMD Radeon HD 6450 1GB GDDR3,
Win7 Prof. 64bit

A So far designs + simulations for 5 candidate PMTs: g ! !
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German Beischler

A Was treated in a bachelor thesis Gyrman Beischler
A In consultance wittarald Hes¢head of workshop + SolidWorks expert of our chalr)
A Continues these studies!



Pressure withstanding PMT encapsulations for LENA:
Pressure simulations

Procedure:
A Import PMT contoufrom engineering

drawing in datasheet
A Rotateto obtain model of PMT

A Construct encapsulatiobased on PMT
dimensions and experience from design of
the Borexino + Double Chooz
encapsulation

A Simulate encapsulation with 12bar
pressure applied

A Apply forcesY meshingY simulate
to determine factor of safety

A Vary thicknesses of acrylic glass +
stainless steel to find minimum values

A Compare results for different designs
regarding weight (U, Th, K impurities in
materials), surface (adsorbed Rn) and
construction costs
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Pressure withstanding PMT encapsulations for LENA
Pressure simulation results:
| ' YIYIUadz wrnanym omMnanauvu

Conical encapsulation:

Steel: 2mm thickness,4.38kg
Acrylic glass: 4mm thickness,0.86kg
Total surface: 0.69m?

Spherical encapsulation:

Steel: 0.5mm thickness4.08kg
Acrylic glass: 5mm thickness, 1.48kg
Total surface: 1.01m? o




