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Overview 

Pressure withstanding PMT encapsulations for LENA 

ωWhy encapsulate PMTs? 

ωDesign 

ωFinite Elements Analysis simulations + results 

ωNext steps 

Fast Afterpulses in PMTs + SiPMs 

ωCauses 

ωReasons to study them 

ωAlgorithms to detect fast Afterpulses on the flank of a previous pulse 

Summary 



Pressure withstanding PMT 
encapsulations for LENA 



Pressure withstanding PMT encapsulations 
for LENA: Why encapsulate PMTs? 
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How to develop an encapsulation? 

Å Design, pressure simulations, build 
prototype, pressure tests 

LENA  LBNE  

HyperK  

Å Next-generation land-based neutrino experiments like 
HyperK, LBNE or LENA use tanks with heights of 50-100m  

 Ÿ High pressure at the tank bottom  

Å [9b!Υ ҒфΦуōŀǊό[!.ύ Ҍ ǎŀŦŜǘȅ ƳŀǊƎƛƴ  

  Ÿ At the moment no available PMT model fulfills 
requirements 

 

Å a) Develop new PMTs (LBNE) 

Å b) House PMTs in encapsulations (LENA) 

No restrictions on PMT model to be used 

Cheaper? 

Faster development 

LENA: certainly possible to fulfill requirements 

Introduce radioactivity 

 

 



German 
Beischler 

Å Configuration 
Å Acrylic glass transparent window  
Å Stainless steel body housing, one or two parts  
Å Also incorporate Mu-metal, Winston Cone and 

connection to other PMTs + tank      
Ånot crucial for pressure simulations Ÿ at a 

later date 
 

Å Different encapsulation designs 
Å Conical 

Å based on Borexino + Double Chooz encapsulation  

Å Spherical 
Å as in deep sea neutrino telescopes / IceCube 

Å Elliptical 
Å Cylindrical 

 

Å Create engineering drawings with CAD software: 
Å SolidWorks Educational Edition Academic Year 

2010-2011 SP4.0 

 

Pressure withstanding PMT 
encapsulations for LENA: 

Design 
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Pressure withstanding PMT encapsulations for LENA: 
Pressure simulations 

ÅSimulate behaviour under pressure with a Finite Elements Analysis (FEA) simulation 
software  
ï Engineering drawings and FEA pressure simulations were done with same software 

ÅSoftware: SolidWorks Educational Edition Academic Year 2010-2011 SP4.0, 
 Simulation Premium package 

ÅSettings:  Linear static study, 12bar pressure, node distance 3mm ± 0.15mm 

ÅMaterials:  High impact resistant acrylic glass,       
 1,4404 stainless steel  X2CrNiMo17-12-2 

ÅComputer:  Intel i7-2600, 8GB DDR3-RAM,      
 AMD Radeon HD 6450 1GB GDDR3,       
 Win7 Prof. 64bit 
 

ÅSo far designs + simulations for 5 candidate PMTs:  
ÅIŀƳŀƳŀǘǎǳΥ  wтлум όмлάύΣ wрфмн όуάύΣ wсрфп όрάύ 
Å9ƭŜŎǘǊƻƴ ¢ǳōŜǎ 9ƴǘŜǊǇǊƛǎŜǎ [ǘŘΦΥ  форп όуάύΣ фуно όрάύ 

 

ÅWas treated in a bachelor thesis by German Beischler 
Å In consultance with Harald Hess (head of workshop + SolidWorks expert of our chair) 
Å Continues these studies! 
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R6594   R5912      R7081 

German Beischler 



Pressure withstanding PMT encapsulations for LENA:  

Pressure simulations 
Procedure: 
Å Import PMT contour from engineering 

drawing in datasheet  

Å Rotate to obtain model of PMT 

Å Construct encapsulation based on PMT 
dimensions and experience from design of 
the Borexino + Double Chooz 
encapsulation 

Å Simulate encapsulation with 12bar 
pressure applied  

ÅApply forces Ÿ meshing Ÿ simulate 
to determine factor of safety 

ÅVary thicknesses of acrylic glass + 
stainless steel to find minimum values 

Å Compare results for different designs 
regarding weight (U, Th, K impurities in 
materials), surface (adsorbed Rn) and 
construction costs 
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Spherical encapsulation:  
Steel:  0.5mm thickness,  4.08kg 
Acrylic glass:  5mm thickness,    1.48kg 
Total surface:  1.01m² 

Pressure withstanding PMT encapsulations for LENA 

Pressure  simulation results: 
IŀƳŀƳŀǘǎǳ wтлум όмлάύ 
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Conical encapsulation:  
Steel:  2mm thickness,  4.38kg 
Acrylic glass:  4mm thickness,  0.86kg 
Total surface: 0.69m² 


